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Abstract 

The purpose of this thesis is to investigate the impact of learners‟ measure of control 

over their learning, while working in different online learning environments, and how 

this, in combination with a structured learning material selection according to their 

learning preferences, can affect their learning performance.  

A qualitative study was carried out on the understanding of different learning 

philosophies, different learning environments and different learning preferences, in 

correlation with learners‟ measure of control over their learning environments, in 

terms of their influence on their learning performance. 

The research commenced with a survey of UK Higher Educational institutions, to 

determine the usage of adaptive e-learning systems in UK HE and the type and nature 

of the systems in use, which in combination with the literature review enabled the 

clarification of the research hypothesis and objectives. Since a measurement of 

learners‟ learning performance was needed, an adaptable personalised e-learning 

system (ALPELS) was developed to create an environment where a qualitative 

measurement could be done. Experimental data was then gathered from two cohorts 

of MSc students over two semesters, who used the newly designed and developed 

online learning environment. 

The successful implementation of the project has produced a large amount of data, 

which demonstrates a correlation between i) adaptable and personalised e-learning 

systems, and ii) learners‟ learning styles (which in itself supports the behaviouristic 

approach towards this type of online learning environment – ALPELS). 

The study indicates a dependency between an online controlled learning environment 

and learners‟ learning performances, showing that a personalised e-learning system 
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(PELS) would be supportive of recall (R) and understanding (U) types of content 

materials (with an indication of 4.89%), but also demonstrating an increase in student 

learning performance in an adaptable e-learning system (ALELS) while using 

competency (C) types of content materials (with an indication of 5.43%). These 

outcomes provide a basis for future design of e-learning systems, utilising different 

models of learner control based on underpinning educational philosophies, in 

combination with learning preferences, to structure and present learning content 

according to type. 
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Key Terms 
 

This is important to say that following key terms are only related to this research. 

Since, it is imparitive to mention that those definitions could mean differently by 

other researchers for different purpose. 

 

Types of e-learning systems: In this research three major types of e-learning systems 

(ELS) where investigated, adaptive ELS, adaptable ELS and personalised e-learning 

systems. 

 

Adaptive e-learning systems: An e-learning system which system is on control of 

learner‟s learning environment. 

 

Adaptable e-learning systems: In an adaptable e-learning system users can modify 

their settings – mainly learning styles - in the system‟s environment. 

 

Personalised e-learning systems: It is a type of e-learning system similar to adaptable 

e-learning system but once learning style of learner is determined, then learner can‟t 

change his/her learning preferences. 

 

Learning styles: A learning chatactristic of a learner which determines the way a 

learner can interact with learning materials. 
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Chapter 1 Introduction 
 

1.1 Overview  

 

This chapter provides a brief background to the study at hand to investigate the effects 

of adaptivity of e-learning systems on learners‟ learning performance in comparison 

to traditional classroom teaching. The chapter also outlines the aims and objectives of 

this research in the form of a hypothesis, the methodology of how this project is done 

and a summary of what each chapter contains. 

 

1.2 Background to the Study 

Innovation in technology and communication is changing the structure of teaching 

and learning today.  Wentling, Waight, Gallaher, La Fleur, Wang and Kanfer (2000) 

describe how several terms have been used to characterise the innovation and creation 

that has been occurring.  Some of these terms include web-based learning, online 

learning, distributed learning, e-learning and computer-based instruction to name but 

a few.  Although there have been many promises made about the e-learning revolution 

using state-of-the-art multimedia technology, closer scrutiny of what is being 

delivered reveals that many of the e-learning models that are around are little more 

than the old text-based computer-aided learning running on a global network. This 

study investigates the existing models of e-learning systems (ELSs) with a view to 

designing, developing and evaluating an adaptive e-learning system in comparison to 

traditional teaching classrooms. 
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Furthermore, when exploring the literature, it soon becomes clear that terms like web-

based learning, e-learning and hypermedia-aided learning are still fuzzy and do not 

have a standardised definition. Whilst online learning might be considered as a subset 

of e-learning, they might be synonymous from a different perspective. Computer-

aided instruction can be an all-encompassing term used to describe different forms of 

computer-based delivered instruction including CD-ROM and the World Wide Web.  

However, it can also be seen as a more restrictive term used to describe the old-

fashioned, text-only computer-based training. Wentling et al. (2000) point out that the 

various definitions that exist show a great depth of interdependence between them.  

This form of learning currently depends on networks and computers but will likely 

evolve into systems consisting of a variety of channels (e.g., wireless and satellite), 

and technologies (e.g., cellular phones and PDAs) as they are developed and adopted.  

E-learning can take the form of courses as well as modules and smaller learning 

objects.  E-learning may incorporate synchronous and asynchronous access and may 

be distributed geographically with varied time limits. In all the above, the pedagogical 

and social interaction of learners within such learning environments should also be 

considered, while finding a unified term for the definition of e-learning. 

This study is concerned with the adaptivity of a web-based learning (WBL) 

environment within the context of e-learning concepts. When attempting to define 

web-based training (WBT), Horton (2000) explains that some e-learning designers 

limit WBT to take place entirely within a web browser, without the need of other 

software or learning resources.  This restriction, however, leaves out many of the truly 

effective uses of web technologies for learning, such as audio and video technologies, 

as a means of content delivery. Mioduser, Nachmias, Oren and Lahav (1999) assert 

that web-based learning environments are the result of educators‟ attempts to wrap 
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together web technology features (e.g., information manipulation, communication and 

creation tools) according to their educational and pedagogical beliefs and pursued 

learning goals.  Anderson (Anderson et al., 1999) identifies that these learning 

networks are comprised of professors and students communicating with each other in 

real time (synchronously) and off-line sequentially (asynchronously). 

 

1.3 Hypothesis 

This section sets out the initial aims and objectives of this research. The study has 

formulated the following hypothesis as the research question to be investigated: 

Hypothesis: Adaptive e-learning systems (learner-centred e-learning systems) are 

more effective than traditional teacher-centred e-learning systems in terms of the 

efficiency of learning and the delivery of learning content materials. 

To prove or disprove this hypothesis, a research methodology was adopted which is 

described in the next section. 

 

1.4 Aims and Objectives of this Research 

This section sets out the initial aims and objectives of this research, which will 

become clearer through this thesis. As mentioned earlier (section 1.3), the goal of this 

research is to evaluate an adaptive e-learning system in comparison to a traditional 

classroom teaching. This comparison will be done by measuring learners‟ learning 
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performance. Therefore, the aims and objectives used to investigate the hypothesis of 

this study are as follows: 

a. To investigate what a traditional teacher-centred e-learning system is. 

b. To investigate what the adaptivity of e-learning system means. 

c. To seek the feasibility of the design and development of an adaptive e-learning 

system, so to measure learners‟ learning performance in comparison to 

teacher-centred e-learning systems. 

To prove or disprove the hypothesis, a research methodology was adopted which is 

described in the next section. 

 

1.5 Methodology 

Having identified the hypothesis, the research methodology for this project covers the 

following approaches and activities: 

o Investigation of the UK‟s existing online learning systems‟ providers, and 

their methods of delivery of content materials. The aim of this process is to 

learn about any current adaptive e-learning systems practised in the UK‟s 

higher educational institutions (universities and colleges) in order to help the 

feasibility study for this research. 

o In this research the feasibility of an adaptive e-learning system is being studied 

to investigate the effectiveness of such systems on learners‟ learning 

performance in comparison to that of traditional teaching classrooms. 
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o The next step would be refining the hypothesis to reflect new understandings 

of the topic under research. 

o Modelling the architecture of a new version of an e-learning system, which 

investigates learners‟ interaction with the adaptive e-learning system under 

research. 

o The newly designed and developed adaptive e-learning system involves 

creating newly structured and developed content materials, so to be 

compatible with the newly designed and developed e-learning environment. 

o Developing the experimental and evaluation methods as a road map towards 

analysing learners‟ activities and measuring their learning performance. 

The structure of this thesis is a combination of six chapters excluding references and 

appendices. 

 

1.6 Chapters of the thesis 

Chapter 1: introduction and description of what this thesis is all about. 

 

Chapter 2: This chapter debates the history and current state of e-learning systems 

alongside the concept of adaptivity and adaptive e-learning systems.  

Types of e-learning systems investigated in this research are influenced by the role of 

learning philosophies and the measure of control given to either the learner or the 

learning environment.  This chapter also discusses a survey into the use of adaptive 
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learning environments in Higher Education and as a result of that survey in addition to 

the digestive understandings from the literature, the hypothesis has been revised. 

 

Chapter 3: This chapter discusses methodologies for the design of e-learning systems 

and the rational behind the relationship between the physiological learning 

preferences and design process of assessment questions. The chapter also discusses 

closed loop control systems and how these can be used in e-learning systems. 

 

Chapter 4: This chapter outlines the eight types of possible e-learning systems that 

could be designed and developed. The reason for having eight types is because of 

eight possible combinations of adaptivity, adaptability and personalisation of 

e-learning systems.  All those systems are studied from an engineering point of view 

as they are types of closed-loop controlling systems. Also included in this chapter is a 

description of why a type of closed-loop control system is used for the e-learning 

system under research, which requires an understanding of the principles of such 

systems (i.e. feed-back and feed-forward closed-loop control systems) from a system 

engineering point of view. The study continues by discussing the components of the 

content provider system, which is used for repackaging of content materials, the 

decision maker unit which is the continuation of the concept of controlling unit, and at 

the end the framework for designing assessment questions. 

Chapter 5 – The design of the e-learning system under study is provided in this 

chapter. It includes proposals and decisions made in the design phase of developing 

an adaptable personalised e-learning system. A new method of assembly is proposed 

to make the production of content materials feasible. The discussion of assessment 

material is also discussed in this chapter. 
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Chapter 6 – the outcome and data analysis of learners‟ interaction with the system is 

included in this chapter. It aims to present evidence on the hypothesis established in 

section 2.8 to provide a relationship between learners‟ learning performance and an 

e-learning system which is designed based on learners‟ learning style. 

 

Chapter 7: this chapter presents the conclusion and suggestions for further work. It 

provides a concluding remark about this research and discusses any lessons that have 

been learned. 

 

In this regard two conference papers have been published which can be found in 

Appendix 11 and Appendix 12. 
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Chapter 2 Literature Review 

 

2.1 Overview 

In this chapter, electronically-based knowledge-transfer systems known as e-learning 

systems are reviewed and evaluated. The need for learning and teaching philosophies 

and on that basis, the reason for why the understanding of the measure of control 

given to either learner or the learning environment can determine the type of learning 

system are discussed in this chapter. Issues involved in the definition and concepts of 

adaptive e-learning systems (AVELS) are discussed. The aim of this chapter is to 

explore the definition and design of an ELS, and how these differences in e-learning 

systems‟ structural design can be used towards the design and development of an 

adaptive e-learning system. This study continues with identifying the need for 

adaptivity of a learning environment and how it can be achieved by modifying an 

e-learning system. Further investigation of the concept of adaptivity and types of 

e-learning system leads to the refining of a set of specified hypotheses as discussed in 

section 1.3. 

2.2 Background to Learning and E-Learning Systems 

There are arguments that exist regarding the definition and starting point of learning 

systems and they could be categorised into two different types: (i) those that use only 

a paper-based method of communication for their medium of knowledge transfer with 

the support of the postal service (mostly known as traditional distance learning), and 

(ii) those which involves some sort of electronically-based method of communication. 
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Through the methods of communication mentioned above, knowledge is transferred in 

any format (Horton, W. 2001), whether by the support of purely paper-based methods 

(as originated by Sir Issac Pittman in 1840 (Aranda, N., 2007) to provide a course in 

Shorthand Writing – the start of distance learning) or by the use of digital media 

sources which involve extremely complicated methods of delivery of learning 

materials online. 

The use of computers and the availability of web technologies in different formats 

created the necessary groundwork for the first wave of e-learning systems where the 

learner would have access to all necessary course materials through the use of a 

learning management system, which acts as guidance towards his/her learning 

activities. Although there has been a variety of approaches to the use of technology 

for knowledge transferring to learners (on-line education), experts are convinced that 

the Vannevar Bush paper (Bush, V., 1946) was the first initiative that used machines 

to support a hypertext-like device called the “Memex”. However, there were many 

pitfalls and arguments that they did provide sufficient support to learners in terms of 

providing pedagogically-based courses (Vita, A.D., 2007).  

Even though, with the involvement of electronically-based (not mechanically 

machine-based) technological learning started in the early 1960s. From the 1960s 

through to the early 1980s, technology was mostly used to replace existing one-to-one 

or face-to-face traditional classes. During the 1980s (after 1983) and during the early 

1990s a few different approaches were tried out but they did not survive long, as they 

only transferred existing paper-based teaching materials into digitally-based course 

formats such as cassettes, CDs and video (Horton, W., 2001; Aranda, N., 2007). 
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The comments above are those which are relevant to this study; however, a quality list 

of detailed discussions on the history of distance learning and the involvement of 

technology in education (educational technology) can be accessed online via different 

sources starting with the wikipedia.org (History of VLEs, 2009) website. 

With the growth of the World Wide Web, advancements in network technologies 

clearly created an environment that the first wave of e-learning systems supported. 

For example, synchronous and live online discussions, which had not been possible 

before then, were of great use in technologically-based learning systems. Although the 

telephone line had almost replaced the offline types of collaborative paper-based 

discussions, the cost was usually a burden on the users of e-learning systems at both 

ends. From 1994 to 1999, the development of e-learning systems with the support of 

internationally interconnected computers, the progression of multimedia and media 

players, the capabilities of streaming audio and video, and the use of email, which is 

counted as a major breakthrough in the use of technology in education, generated a 

vacuum for researchers in the field of instructional design to study further the use of 

hypermedia in the field of education. These studies guided the development of online 

learning environments into the second wave of e-learning systems (Wiley, D. A., 

2000; Taylor, 2002). From 2000 to 2005, researchers studied, designed and developed 

hypermedia-embedded learner-centred and personalised e-learning environments 

which tried to get more involvement of learners‟ learning styles into existing 

e-learning systems (Aranda, N., 2007; Vita, A.D., 2007). 

The main topic concerning the development of e-learning systems was pedagogical 

issues, which became learning issues rather than teaching ones. By this, we mean that 

the concept of andragogy (adult learning) and then heutagogy (learner-centred 
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learning) came in. For the first time, an educational correspondence developed in the 

United States, France, Germany and the United Kingdom (Moore M. G. and Kearsley 

G. 1995) to study and apply the theoretical findings of an e-learning system. Its 

methods were developed by the consideration and use of the Computerised 

Educational System (CES). As its name suggests, CES is a combination of 

educational materials presented online by the use of electronically-based technology. 

Although the internet provided enough tools for developing online materials such as 

HTML and other plug-ins such as adding audio and video to a presentation, still much 

more work needed to be done. The lack of an appropriate use of pedagogical methods 

throughout the process of developing an online course has caused many projects to 

waste resources either financially or in terms of man hours, as they did not have 

enough stability and flexibility to develop further (Stone, D. E. and Koskinen, C. L., 

2002). 

Before proceeding further, it is necessary to provide the background of current 

learning philosophies and methods of instructional designs. Then the issues related to 

the delivery of knowledge online such as the use of e-learning systems will be 

discussed. The following section discusses the advantages and disadvantages of such 

mechanisms. 

 

2.2.1 Learning Processes and Need for Learning and Teaching 
Philosophies 

This section evaluates the existing learning philosophies and instructional design 

systems based on: (i) traditional face-to-face classrooms and (ii) online learning 

classes (e-learning systems). The analysis will then provide an overview of learning 
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systems, followed by a summary of advantages and/or disadvantages of developing 

such systems. 

Although Skinner‟s behaviourism, Piaget‟s cognitive constructivism and Vygotsky‟s 

social constructivism can all be facilitated through e-learning, their works lead to the 

finding of evidence that supports the hypothesis presented in section 1.4 (detailed 

descriptions can be found on section Appendix 15). Arney (Arney D., 2005) has 

provided a short list of points (see below) regarding the relationship between the 

teacher, the knowledge and the learner. It is not a comprehensive list; it only presents 

the main ideas about the relationships in order to establish a framework to learn more 

about the philosophies of learning and teaching: 

 Learning needs a medium in which to occur as it can‟t happen in a vacuum 

 Needs exist between the learner and the identified knowledge 

 While assessing a learner‟s knowledge, questioned materials must be relevant 

to the learner 

 The process of learning is usually facilitated by moving from the known to the 

unknown 

 By having an emotional connection between the learner and the material, real 

learning can take place 

 Another important issue is the social environment, which influences learning 

 Memorising alone can‟t be called learning 

 Different learners, different methods and ways of learning 

Based on the theory of constructivism, humans construct their own knowledge instead 

of simply being a passive learner and merely receiving information. 
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For the past decade many learning models have been proposed in learner-centred 

educational systems (Menges 1994; Felder & Brent 1996; Locatis & Weisberg 1997; 

Sandholtz et al. 1997; Wolf et al. 1998; Svensson, L. et al,. 2010). Recently many 

developments have been made in one of the important branches of the Internet and 

multimedia, known as the field of educational models. Instructional designers and 

learners have become more obsessed with using the World Wide Web to advance 

their knowledge in today‟s fast-growing need for skilled people in academic and 

commercial environments. Despite the fact that considerable research into educational 

psychology has been carried out for the past decade, we still do not have a set of fully 

defined e-learning characteristics. Thus for clarification in establishing the unified 

terms and arguments made in this research, it seemed necessary to review a few 

methods of instructional designs. 

2.2.2 Methods of Instructional Design 

While searching through the existing instructional designs, three major methods come 

to light, the first two of which are: 

i) Pedagogy (teacher-centred) and ii) Andragogy (adult-centred) based learning 

environments: The origin of the word „pedagogy‟ comes from the Greek words 

“paid” meaning child and “agogos” meaning leading. Thus pedagogy means the art 

and science of leading and teaching children (Hiemstra & Sisco, 1990; Somerville, 

M.J. 2010). In this method students are given a set of predefined instructions to 

perform a set of tasks. The students are not given any option in terms of how or in 

what order to learn. Students have to go through those contents determined by their 

teacher. The main pitfall of this method is that the whole purpose of this educational 

method is to prepare students to show a level of competency in getting a grade to pass 
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the minimum level of competency (designed and developed by the teacher) and then 

progress to the next level (Hill, L.F., 1991). 

Malcolm S. Knowles (1968, 1975, 1980, 1984; Knowles & Associates, 1984), was the 

main force behind popularizing the concept of Andragogy or adult-centred learning 

environment as a new method of instructional design. Since this method is mainly 

designed to teach adults, approach towards interacting with them is different from 

pedagogy. The main factor is in the use of metacognition, as children are not mature 

enough to be equipped to handle this approach. Since children are mostly taught to do 

certain things, towards their education, adults expecting to be treated in a such a way 

where they to be given an opportunity to find their ways on taking action on doing 

things, since they are adult and they want to take control of their learning with 

confirmation received in the form of a continuous guidance for an expert in the field. 

Knowles (Knowles, 1980, pp. 44-45) introduced four main concepts in the definition 

of andragogy, which with the support of his colleagues were then updated to six 

(Knowles, Holton and Swanson, 1998) assumptions (Reischmann, Jost, 2004 and 

Fidishun, D., 2000), and they are as follows: (i) the learner‟s need to know: this is a 

step towards guiding learners to find out about their specific needs; (ii) the role of the 

learner‟s experience: while progressing through the contents of taught materials, 

learners would create a reservoir of experiences which can be used later on to build 

learning; (iii) the learner‟s readiness to learn: as students‟ willingness to learn 

increases, including further social interactions, they will be more co-operative, 

collaborative and supportive; (iv) the learner‟s orientation to learning: another key 

component of andragogical philosophy of learning is related to its approach to apply 

knowledge immediately rather than postpone it to another time, and the change of 

perspective from subject-centred to performance-centred; (v) the learner‟s self-
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concept: self-description moves from teacher-dependent thinking to independent and 

more self-directed (which lately has become the „heutagogy‟ method of instruction; 

more will follow); (vi) the learner‟s motivation to learn: there may be external factors 

to encourage the learner to learn, but the motivation should come from within; 

examples might be increased self-esteem, job satisfaction and quality of life. 

The core approach in andragogy is the guidance of students in “learning how to 

learn”, which gives the responsibility of learning to the learner and as such, they will 

be held accountable for their own learning. Furthermore, this instructional method is  

fundamental to another learning strategy known as problem-based learning (PBL) 

which challenges students to learn how to learn, working cooperatively in groups to 

seek solutions to problems (Duch, Groh and Allen, 2001; Jeffries, W.B., Huggett, 

K.N., 2010). 

In other words, in the pedagogical approach, the knowledge will be transferred to the 

learner in a teacher-centred environment where the teacher is responsible for 

preparing the knowledge in such a way as s/he sees fit without considering an 

individual learner‟s learning style. On the other hand, the learner-centred approach is 

a method of knowledge delivery where knowledge is prepared, and the learner is able 

to take responsibility for his/her own learning under the supervision of a relevant tutor 

(Wagner & McCombs, 1995 and LeJeune, N. F., 1998; Chianga, C.K. et al R. 2010). 

However, this approach can create many additional issues such as: intentional 

learning, active learning, authentic learning, open learning, and many more which are 

covered in the original reference (LeJeune, N. F., 1998; Vu, K.L. 2011). 

 

Beyond Pedagogy and Andragogy and moving towards Heutagogy: Hase and 

Kenyon (Hase & Kenyon, 2000), with the support of Rogers‟ (1969) statements on the 
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use of a learner-centred approach, suggest that lifelong learning is a human desire and 

they indeed argue that teacher-centred learning has been over-emphasised through the 

history of education. As such, Hase, Kenyon and Rogers have pointed out a five key 

hypothesis as follows: (i) a learner can‟t be taught directly, and all teachers can do is 

facilitate learning; (ii) the only components of teaching materials that are learned by 

learners are those that can directly enhance their lives; (iii) a learner‟s nature tends to 

resist the changes of self through denial or distortion of symbolisation, and then it 

becomes more rigid under continuous threat; (iv) a learner accepts a new inconsistent 

experience with their current state of knowledge, only when the self is ready to accept 

it; (v) as such, the effect of the threats of learned materials on the current state of 

significant learning should be kept to a minimum, to overcome the process of 

self-directing while receiving new knowledge (in the form of learning). 

 

iii) Heutagogy (Learner-centred Learning): On the basis of the argument made 

above, a new method of transferring knowledge to the learner has been introduced 

known as heutagogy. Heutagogy is the principle of teaching based upon the concept 

of truly self-determined learning. In this method it is assumed that adult learners 

(defined as eighteen years old and above) have the capability of self-motivation and 

self-determination to manage their own skills and knowledge needed to survive in the 

twenty-first century. It is assumed that this approach would foster an individual 

learning approach on the basis of the self-analysis of learners‟ own needs (Hase, S. & 

Kenyon, C., 2000; Hase, S. 2009). 

 

Selection of the correct strategic learning perspective: As stated above, it is essential 

to consider which one of the above knowledge transferring strategies should be 
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chosen before designing any instructional system. Besides, to learn more about the 

kind of strategy to choose from, understanding of learning philosophies would help 

determine the scope and boundary of the required system to facilitate the process of 

designing an e-learning system. 

There are many different learning philosophies that exist, and one of the major ones is 

behaviourism which relates to the observable behaviours of the learner rather than 

mental activities (Pavlov, I. P., 1899; Skinner, B. F., 1938). On the other hand, Mead 

(1932/1977) and Vygotsky (1934/1978) have classed the communicative method of 

interaction as a main factor of cognitive growth. In this school, mental construction in 

the minds of learners are described as knowledge and viewed as symbolic, and while 

the process of committing these symbolic representations to memory is called 

learning, they may be processed further by the learner to produce new information 

and knowledge. Strict “input – processing – output architecture” of computer 

development from the 1960s up to today have certainly stimulated these “information 

processing” views of learning (Siemens G., 2005). In addition to the above-mentioned 

learning philosophies, there is the school of constructivism which emphasises the 

building (i.e., constructing) of knowledge that occurs in people's minds when they 

learn. A simple way to explain this idea is to refer to Gestalt theory (Dabbagh, 1999; 

Glatzeder, B.M. et al. 2010); that is, the idea that “a whole is more than the sum of its 

parts”. This school of philosophy focuses on preparing the learner for problem solving 

in ambiguous situations. Other major learning philosophies which are relevant to this 

study are included in Appendix 15. 
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2.2.3 Child-, adult-, learner- and teacher-centred learning 

environments 

As discussed in the sections above (2.2.1 and 2.2.2), the core difference between 

different types of learning environment is who is in control of that learning 

environment. Understanding of this factor determines the type of strategy we need to 

choose for any type of e-learning system to be used by its instructional designer and 

its users. 

Since in cognitivist and constructivist schools the mind of the student is under study, 

the level of metacognition plays an important factor here. A child-centred approach 

will result in a pedagogic method which is known as a teacher-centred method since a 

child does not hold the need for having a specific goal in his/her education because 

child metacognition has not grown enough to understand that need. On the other hand, 

most adults are different since they understand the need for learning something new in 

addition to whatever knowledge they already hold, including the knowledge of how to 

learn, but still the support of a teacher is needed to give students a helping hand to 

strengthen their confidence in overcoming that learning process and the rationale for 

learning, as well as the content. The heutagogical method is different in that the 

learner does not need a helping hand since they have already gained that proficiency 

in searching for what is needed and then setting the required objectives so that they 

can direct their activities towards getting to that goal. The element of „proficiency‟ 

makes the difference between the levels of understanding of adults while moving 

from the stage of andragogy towards heutagogy, and that skill and knowledge 

(proficiency) can be gained through supervision under andragogical learning 

environment however, it is not a step every adult learner can take. There is always a 
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crossover between different instructional methods as these are not absolutely discrete. 

For instance, in the heutagogical method, there is still an element of pedagogy 

involved in the teaching materials, since an expert in the field will have prepared 

structured content material in the form of an article which will have been used by a 

teacher in structured learning material. In adult-centred learning (andragogy), there is 

a rationale and a metacognition aspect involved, which begins with metacognition, as 

pedagogy is instructivist to a large extent. It indicates that in both andragogy and 

heutagogy the role of the tutor changes to an instructional designer, rather than a 

teacher as in the pedagogical method, since it is a didactical and instructivist 

approach. In andragogy it is anticipated to help students to achieve a level of 

metacognition or the measure of control needed to take the learner to the stage where 

s/he is capable of learning how to learn, which is the first step towards a lifelong 

learning environment. Unlike in heutagogy, it is expected that the learner already has 

that skill and knowledge. As seen in Figure 1, the approach taken towards 

underpinning the relationship between stages of learner control over his/her learning 

can be mainly divided into multiple stages of pedagogy, andragogy and heutagogy. In 

that respect, the context and content of learning materials (either to be delivered to or 

be accessed by the learner) is in direct relationship with the type of learning 

methodology. For example, the format of a learning object (such as its size and 

content it holds) is mostly in direct proportion to an instructive/didactic type of 

learning methodology and its content is structured accordingly. On the other hand, 

since adaptability means giving a learner the necessary control over his/her learning 

process, the learning methodology used in designing a learning process moves from 

instructive/didactic approach towards discovery learning. In that respect, the scope of 

context and the format of its content materials is in direct proportion to the amount of 
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control given to a learner over his/her learning. Thus, if a learner is given total control 

over the selection of the context and content of learning materials, an thereby 

experiences discovery learning, it implies a heutagogic or fully adaptable (from 

learner‟s perspective) learning environment. Alternatively, if the system is in control 

of the learning based on the learners learning style, and so to form the context and 

content of learning materials, it would be an adaptive (from both the learner and 

system‟s perspective) learning environment. 

 
 

Figure 1: Illustration of content and context materials in terms of types of learning methodologies 

(Ref: The outcome of a discussion with Prof. L. Mckinnon on learning methodlogies, October 2010) 

 

 

E-learning system as a learning environment 

A learning environment known as distance learning, which is the predecessor of 

e-learning systems, gave an opportunity of exploration to researchers to investigate 

the relationship between the rationale behind methods of knowledge delivery to 
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students (in the form of content material) and the way in which learners receive the 

material and understand the purpose behind it. It has mostly been developed on the 

basis of pedagogical methods with the behaviouristic model. Lessons, practices and 

assignments are uploaded somewhere (mostly in educational institutions) so that they 

can be accessed by students, and the major role of the World Wide Web is to be used 

as a mechanism of content delivery. Recently, advancements in technology have 

given prospective views on a variety of methods of delivery of hypermedia-rich 

content materials. 

As discussed earlier in chapter 1 and in this chapter, it is argued that the e-learning 

system under research is to be more constructivist in nature to allow learners to 

explore, to discover and to develop their learning environment and to gain the 

knowledge needed in the first place. This is the point where the concept of adaptivity 

begins to emerge. The ultimate goal of education is to deliver the needed knowledge 

to the learner, and knowledge itself needs to evolve so that it can be delivered from 

one mind to another. The main difference between e-learning systems is the measure 

of control which has been taken by whoever intends to deliver it. If a teacher requires 

a system  to deliver content material to students, then the system utilises a pedagogical 

model; however, if the intention of using that system is for the delivery of teaching 

materials with continuous support, including the rationale of “learning how to learn”, 

which is mainly used for teaching adults, it follows an andragogic model. There is 

another model of e-learning system that exists which has not been practised much, 

and that is because of its fundamental concerns regarding the use of metacognition as 

a way of confirming that the learner is in the process of gaining knowledge. The 

measure of control is a sustainable issue in the process of supervision of those 
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learners. However, if instead of giving the task of supervision to the learner himself or 

herself, it can be given to the system, and if the system is responsible for continuous 

guidance based on the learner‟s learning method, then it is an adaptive e-learning 

system (this will be discussed thoroughly in later sections); however, because the 

control is out of the hand of the learner, it can‟t be a fully heutagogic model of 

learning. Hence, the next section will involve a discussion on e-learning systems and 

how they affect the learning environment. 

 

2.2.4 E-Learning Systems 

In this section, two types of e-learning system will be reviewed. The study of all the 

available and developed types of e-learning system is out of the scope of this thesis 

because researchers in the field have developed a tremendous number of e-learning 

systems and as such only a few have endured, which provides the fundamental 

guidance needed to develop a Learning Management System (LMS). What follows is 

a discussion on the definition and types of e-learning systems. 

E-learning systems are forms of learning system which transfer explicit knowledge 

electronically to the learner (Appendix 9). This means that with the use of technology, 

content material in the form of digital content would be transferred via existing 

networked environments (LAN, WAN, use of the Internet and varieties of other 

network structures) to the learner. Learning materials were delivered; quizzes and 

assessments were run online, and the whole process of learning was arranged through 

a learning management system. 

Whilst this is not the whole story, which has been going on for years, the 

misconception about LMSs is that they do all the arrangements for a learner in a 
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structured way to provide him/her with the knowledge possessing and processing road 

map; whether that process would involve the correct pedagogical method or not is 

another issue, and one which can be overlooked while designing such an environment. 

It is true that instructional designers do their best to put the best possible theories of 

educational knowledge into practice, but would that be enough to confirm that 

knowledge has been delivered thoroughly and would it be enough to confirm that the 

learners have learned? Another important side of any educational system is its 

administrative affairs, especially when the number of students grows and as a result 

the whole administrative workload also increases.  It is true that with the support of 

technology, in the form of Learning Management Systems, most of the day-to-day 

work would be simplified; but can those systems confirm that delivery of knowledge 

has been done to the best of its capabilities, to the point that they could replace 

existing traditional classrooms with their teaching methods? And has the delivery of 

knowledge been compatible with the learner‟s learning method? A review of the two 

main categories of existing types of e-learning systems should answer those questions, 

and will help us to gain an understanding of the research in hand. 

 

Computer-Aided and Computer-Based Learning Systems 

As seen in the past decade, organisations – especially educational institutions – are 

continuously merging the use of technology into their organisational procedures 

(Fischer, Savenye, & Sullivan, 2002; Kohli, 1995).  In reviewing the history of 

e-learning systems, different approaches have been taken into account towards 

different uses of computer-based education (CBE) delivered by CD-ROM and 

computer-aided education (CAE), which is delivered via the internet, encompassing 

both academic and business environments (Christoph et al., 1998; Hoobveld, Paas, 
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Jochems, & van Merrienboer, 2001; Kirschner & Paas, 2001; Retalis & Skordalakis, 

2001; Weiss, Knowlton, & Morrison, 2002). 

To continue this discussion, Workman (Workman, 2004) carried out a study to find 

any correlation between CAE and CBE that might confirm that learners with an 

interest in learning abstract information indeed do better through CAE (content 

provided via the Internet) than those interested in gaining concrete knowledge, who 

perform better via CBE (the use of CD-ROM). However, this comparison started to 

become blurred when it incorporated links from contents on CD-ROM to be anchored 

to other web-based material. This example shows how making changes to a small part 

of the design of an e-learning system (anchoring parts of content material to other 

web-based resources) could reflect on the acceptance of an e-learning system by its 

users. 

Furthermore, in addition to the study of different types of e-learning systems, as 

mentioned earlier, any LMS, from a pedagogical perspective, presents learners with – 

or guides learners towards – learning content material; however, the selection of that 

content material needs to be controlled by a tutor, the machine, or the learner‟s own 

approach. For example, in a computer-aided learning system or otherwise named web-

based CAE (Computer Aided Education) system, which is a guided and interactive 

learning system which makes extensive use of non-sequential hypertext (Kirschner & 

Paas, 2001; Retails & Skordalakis, 2001; Torkazadeh & Van Dyke, 2002; Shana Z.A. 

2009), the teacher leads the pace of CAE and the learning is more collaborative than 

with CBE (Computer Based Education). In the latter, all class interaction must be 

done through the use of a personalised computer, whereas in CAE the computer is 

used as part of the facilitation of education in the class. Students interact with each 
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other and with the instructor using discussion threads and often with interactive chat 

sessions. 

Intelligent Computer Aided Learning Systems 

Alongside the exploration of different types of e-learning systems, Artificial 

Intelligence-based type of Computer-Aided Learning (AI-based type of CAL) systems 

should be discussed, as this topic will clarify the understanding of the concept of 

personalisation of e-learning systems. 

In computer science, Artificial Intelligence (AI) refers to a category of scientific 

research that studies the abilities of machines to learn by themselves by preparing sets 

of codes and programs suitable for computers and to mimic a human-like approach to 

thinking. Examples are: speech recognition, image understanding and recognition, 

synthesising, analysing and decision making (Burns-Capps, 1988). Successful 

implementation of an artificial intelligent system is always a very difficult engineering 

problem, because traditional and typical computers do not have any sign of 

intelligence. Additionally, attempts have been made to study Distributed Intelligent 

Systems (DIS) and because of the internet standardisation, designers have selected 

this as the base platform for the research. For instance, Brusilovski (Brusilovski et al., 

1997) reported successful implementation of a distributed intelligent system on the 

Web, at the time. The system was adaptive in some ways, it could customise student 

features and was implemented in calculus teaching. 

In addition to the above arguments, Monadjemi and Ahmadi (Monadjemi A, Ahmadi 

A, 2002) mention that the main issue in the design and development of any e-learning 

system would not only be related to the core design of existing ELSs but would 
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originate from the use of related external tools. They presented a set of points as the 

base of the brainstorming phase on designing any ELSs for configuring the external 

effects listed below: 

- Declining teacher’s role – the idea of replacing a good teacher with an artificial 

intelligent system won‟t be accepted, but it could complement other learning 

resources. In that view, blended e-learning systems would fit into this proposal. 

(Blended e-learning is an integrated online learning environment of different 

methods and technologies based on different learning theories to increase the 

effectiveness of the delivery of knowledge, in the form of e-learning, 

e-communication, e-collaboration etc. combined with face-to-face classroom 

interactions (Lam, S., 2008).)  

- Unattainable expensive software – this limitation creates a wider gap between the 

use of the usual online platforms and specialised, sophisticated and expensive 

software, which not many educational centres are able to use. However, if it 

proves that it could provide scientifically-based confirmed factors that an adaptive 

e-learning system will support a learner‟s learning style and can increase his/her 

learning performance, the expensiveness of the software will not be counted 

towards the worthiness of its design and development. This is another factor 

which this study discusses: the possibility of a fundamental design and 

development of a whole new ELS for the purpose of studying the relationship 

between an individual‟s learning style and his/her learning performance. 

- Losing Academic Transitions – with three thousand years of educational history, 

there will not be any direct transition of teachers‟ behaviour towards students; a 

machine would never able to replace that. The main reason is the unarticulated 
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type of tacit knowledge (see Appendix 9). The discussion intends to explore the 

current aim of this research (section 1.4) by understanding the relationship 

between an individual‟s learning style and the personalised form of knowledge to 

be gained through the strategic knowledge concealed within. 

Furthermore, intelligent CAL is not the whole future of the education, although, as 

time goes by, computer-aided learning systems will become more essential, more 

experienced and more consequential. 

In the process of understanding the aims and objectives of this research, another 

question can explore the topic further: “What new era could an online learning system 

bring to the knowledge transfer environment?” 

As known, knowledge is something invaluable on its own, but in the mind of its 

holder. On the other hand there is no point in holding knowledge when it can‟t be 

processed or be productive. These are the two main reasons for the need to transfer 

knowledge from one mind to another. The modality of transferring knowledge and 

sharing it is known as education. In that respect the requirements of the need for 

education would support having a specific form of medium which would give 

reassurance of knowledge transferring, such as running quizzes, exams and 

assignments at the end of its delivery. At this point the education form of knowledge 

transfer would be different from other forms of knowledge which are transferred by 

any usual knowledge management systems. 

Therefore, to investigate the study of e-learning systems further, it is necessary to 

learn more about the characteristics of an online learning environment. 
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2.2.5 Advantages and Disadvantages of Online Learning 

Despite the fact that there are a large number of benefits that have been cited by 

researchers and instructional designers about the use of online learning systems, the 

fundamental benefit remains the same, which is “the sole purpose of any online 

learning system is to develop the learner‟s knowledge and understanding”. In 

addition, researchers like Parise [Parise P. 1998] identify a few points to consider as 

part of knowledge delivery: learners could choose their own developing (learning) 

environment such as being in their own private room, working at their own pace and 

to their own time schedule. Learners do not need to be on campus to receive lessons, 

to improve their writing skills, or to be evaluated on the basis of class participation 

any more, as the above actions were required when reassurance was needed in the 

confirmation of the delivery of knowledge. However, via online learning, instructional 

designers will have designed the process of interaction in such a way that reassurance 

could be confirmed through methods like tracking a learner‟s activities to confirm 

his/her involvement in the process of interaction with the required knowledge. 

The downside of having an e-learning system is for instructors who need to develop 

course materials that are up to date, easy and fast to revise in today‟s ever-changing 

world of knowledge delivery. Even though the advantages of the web and the latest in 

digital production development such as video camera technology support the 

development of learning materials, there still is not enough of a cognitive view that is 

accessible to both sides (instructors and learners). For example, in synchronous 

communication, each side only has a two-dimensional view of the other and they have 

no view of body language in a 3D environment, so both sides of the system (learners 

and instructors) must possess good writing skills (which include typing with good 
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grammar). In addition, learners must have a good degree of initiative and self-

motivation to understand instructions given by the tutor and must continue to gain 

knowledge on their own. Another example would be class discussions, which are a 

focal point of most classes and would be considered one of the key benefits of a 

pedagogical approach. Though collaboration-based types of ELS exist, they still can‟t 

provide that sense of individualism through a system such as the ability to include the 

characteristics of self-paced learning of learners. It is usually difficult to arrange such 

discussion sessions in a timely manner. These contents will be discussed thoroughly 

later in section 2.6.1. 

 

2.2.6 Conclusion of this section 

This section has provided an analysis on learning systems with specific attention to 

e-learning environments and why e-learning systems could be the solution for the use 

of knowledge transferring mechanisms; and how the existing design of e-learning 

systems could be expanded by the support of the concept of adaptation. In that 

respect, comparisons were made between CBE (a slow-to-update e-learning 

environment), CAL and AI-based CAL systems which are types of non-adaptive ELS 

despite having minds of their own. If CAL systems are designed correctly to adapt to 

an individual‟s learning needs, it would certainly be more efficient in terms of its 

user‟s learning curve. Researchers are continuously in the process of finding new 

methods and improving the existing involvement of pedagogical (teacher-centred), 

andragogical and heutagogical (learner-centred) approaches on the design and 

development of e-learning systems. As a result, the gap of interaction between both 

learner and computer will be smaller and much closer to the individual‟s learning 
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style, which means actions taken towards adapting the knowledge will have been 

more compatible, leading to an increase in the efficiency and performance of the 

knowledge transfer. The following sections will approach that medium by 

understanding learner-centred requirements and the concepts of self-organisation with 

the involvement of the concept of adaptivity into existing e-learning systems. 

 

2.3 Adaptivity of Learning and E-Learning Systems 

In this section the concept of adaptivity and its differences to adaptability will be 

studied; it will also examine what the role of publicly known personalisation of 

e-learning system is in this respect. The necessity of adaptation for an e-learning 

system and the reasons for having an adaptable e-learning system will be examined. 

2.3.1 Adaptive Systems Processes 

The following section is an analysis of adaptive systems, which will be the framework 

for further study towards developing an adaptive e-learning system. As mentioned 

earlier, the point of having an AVELS is not only to design and develop an e-learning 

system which interacts solely on the basis of the learner‟s behaviour, responds in the 

manner of a good colleague and is user-friendly; it should also act like a real lecturer 

with sufficient knowledge of instructional design and teaching methods. 

Adaptive learning systems 

An adaptive system is a process that possesses itself in, that retries different methods 

of communication in new conditions by undertaking varieties of small packages of 

structured sub-systems, so that it can gain the ability to convert the new environment 

into its built structure (Heylighen, F. (2003). This method of changing the new 
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environment to a form which is acceptable to its original development system is 

known as the self-organisation method. By understanding the definition of adaptivity, 

and recognising key points of involvement of the characteristics of adaptivity in an 

e-learning system, it is possible to have a system which could mimic the learner‟s 

method of learning so to present him/her with adapted content material. 

Is having an adaptive e-learning system necessary? 

As traditional classes usually attempt to adapt to a learner‟s learning style, especially 

in a one-to-one session, in e-learning environments, they also attempt to accommodate 

many different learning styles into teaching, and people are then able to choose a 

learning method which is most effective for them. Depending on their learning style, 

they would learn either via a visual or verbal process, or they might take an analytical 

or experimental approach to interacting with their course materials. The personality of 

the learners is also an important subject in this context; for example, if they are 

„morning people‟ or evening people‟, sprinters or plodders, extrovert or introverts [W. 

Horton 2000]. 

By considering the above points during the instructional design phase of developing 

any online learning system, learners could be reassured of having flexibility and 

freedom of learning through an e-learning system. 

Complex Adaptive Pedagogy (CAP) 

As part of the analysis of adaptive learning systems, Lofman (Lofman, B. 2002) 

presents three methods to follow for designing and developing a complex adaptive 

pedagogy. They are: (i) The instructor must be sufficiently flexible to give up 

considerable control; (ii) Students must be adaptive and willing to cope with 
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ambiguity; (iii) The broader instructor-student relationship itself must be transformed 

for these mutual adaptive capabilities to be unleashed in this untraditional teaching-

learning environment. He criticises the teaching and learning methods of today, and to 

make his point he mentions the lack of methods which instructional designers utilise 

to pursue the needs of learners in order for them to survive on a daily interaction with 

information without guidance, as it is not enough. In other words, the current methods 

of guidance are not fully developed to support direct learners in such a way that 

learners would be reassured of having the necessary knowledge and skills to fully 

comprehend their interaction with information on a daily basis. 

On one side of the coin, learning methods have continuously been adapted to solve the 

problems of everyday life over the centuries, and learners should have the vote of 

confidence that they can carry on within today‟s ever-changing world of knowledge 

and communication. But the questions here should be: “How much reassurance do 

these methods of learning offer regarding their ability to facilitate changes in 

knowledge building over a period of time? Can existing methods of learning support 

self-directed learning while learners pass through a cloud of knowledge?” In that 

respect, Lofman (2002) clarifies these shortcomings on the incompleteness of the part 

of knowledge where instructional designers basically are not aware of and – at the 

same time – are responsible for devising new learning methods. These perceptions 

would certainly produce an incomplete framework for new learning methods. 

Learners do need to be motivated and engaged in finding other unforeseen methods of 

gaining knowledge for themselves, although they would rather have the reassurance 

of a road map to navigate through daily information. However, continuous changes 

and innovations in technology and communications could change the structure of 
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teaching and learning to facilitate such unforeseen circumstances. For further studies 

on existing systems that are adaptive in nature, the reader is referred to Appendix 8. 

2.3.2 Differences between adaptable and adaptive systems 

While investigating the concept of adaptation further, Kinshuk and Russell (2002) 

have categorised existing learning systems into two types of system: “Adaptable” and 

“Adaptive”. In an adaptable system (which is mostly known as a “Personalised 

System”, but not in this research) users can modify their settings in the system‟s 

environment.  As its name indicates, adaptability (known as personalisation) is a 

process in which a user controls the system. But in the adaptive model, the system is 

in control [Katemo, H. 2003]. 

Following the above definitions, the main dissimilarity of adaptive types of systems is 

the concept of being in control of gathering information on learners whether by the 

system itself or by its users (learners); this means the task of “learning about an 

individual‟s behaviour and learning style” should be given to the system and the 

system itself would be responsible for gaining that information; unlike an adaptable 

ELS which requires the setting up of predefined preferences on the system by its user. 

As discussed in section 2.2.3, this is the measure of control which specifies different 

types of e-learning systems. If the control is given to the system and the system starts 

to learn about the learner‟s learning style, then the system will be called an adaptive 

e-learning system, since the system wants to adapt to the learner‟s learning style so as 

to guide him/her through the instructed knowledge. On the other hand, if the learner 

starts to make changes to his/her learning environment and tells the system about 

his/her method of learning, then it is called an adaptable e-learning system, if we 

presume of course that the learner is aware of his/her learning style. In this case it 
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should also be clear that as the system is in control in an adaptive e-learning 

environment, the predefined content material provided by an instructor should be 

available somewhere in a database where the system can start providing access to the 

user based on the profile the system has gathered of the learner‟s learning preferences. 

Alternatively, in an adaptable e-learning system, the system places predefined content 

material in access of the user and because the learner is in control of his/her learning, 

the learner can go through that content material in the sense that one of two cases of 

instructional methods (andragogy or heutagogy) have been exercised. The main 

difference here is that in both methods, an element of pedagogy is present, because 

after all the reading materials have been prepared by someone else, and in terms of 

education it doesn‟t make sense to take all students through a period of self-motivated 

research while they are already taking part in the research and intend to learn about a 

subject. On the other hand, students in primary education do not have an 

understanding of the cognitivistic approach towards their learning nor are they 

equipped with sufficient knowledge and skills to use a heutagogic method to gain 

further knowledge. 

 

2.4 Knowledge management and personalisation of 

e-learning systems 

As human beings require methods for acquiring new skills and methods for survival, 

they have continued to try and make a better place for themselves over time, and have 

continuously passed on their hard earned and learned skills to the next generation (to 
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their children, to their children's children and so on), from hunting foods to making 

fire [Erren et al. 2007]. 

For generations, one of best methods of learning has been observation and getting 

involved with the practicality of jobs. However, it was known that the process of 

learning and gaining a new skill demands a tremendous amount of hard work and time 

to make the learner proficient in the job. 

In that respect, defining the boundaries of knowledge and its development were 

counted as a major factor in this picture of the growth of human understanding of life. 

The transferring of knowledge from one mind to another in a variety of formats has 

been a continuous theme since the beginning of the history of mankind, while the 

issue has been debated thoroughly from the beginning of something called Education. 

Teaching methods have been used for generations, although the end result is always 

expected to be the delivery of knowledge from teacher to student and in the end, 

learning occurs. In this study, the similarities and differences between both teaching 

and learning environments are explored. Continuation of this research – as provided in 

section 1.4 – is based on studying which environments are suitable for teaching and 

learning, how a student or a learner can receive knowledge, how the delivery of 

knowledge can be confirmed and whether learning occurs. 

Personalisation of e-learning systems from the knowledge management 

perspective 

The definition of knowledge comes with making sense of existing collections of 

information in the form of understanding their purposes, use and the process of 

creating new information. The pattern in which information is created, processed, 

stored and re-created again is what makes knowledge (Nonaka, 1991; Nonaka and 

Takeuchi, 1995; Haberberg, A. & Rieple, A., 2008, pg. 408-409). Meanwhile, 
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knowledge, like any other entities, would require management to apply it in day-to-

day life. It requires the creation of an environment in which information can be passed 

along to the right person, at the right time, and in a suitable format with insights and 

experiences. A set of processes that creates, captures, stores, maintains and 

disseminates a firm‟s knowledge (Laudon, and Laudon, 2007-pg., 434). Furthermore, 

strategic knowledge (as a type of knowledge) is the core component in producing any 

option from any situation, and learners would then choose any of those options based 

on their method of decision making (Appendix 9); or in other words, an individual‟s 

unique decision making method which is the key to an individual‟s unique learning 

style is a determining factor when approaching a knowledge concept. This 

individually based unique method establishes a set of roles and guidance when it 

comes to approaching and directing those concepts. The interaction with those 

concepts will be guided by a set of roles which are unique to the learner‟s learning 

style. It is worth mentioning that the relationship between learning styles and the 

strategic knowledge establishes the groundwork for the concept of personalisation of 

any learning management systems (LMS) which in turn gives the building block for a 

personalised e-learning system. For further discussion, the reader is directed to 

Appendix 9. 

On the other hand, to seek the performance of a type of an e-learning system in terms 

of measuring learner‟s learning performance, it is the measure of control given to 

either learner or the system which is the determinant factor for measuring the 

performance. Besides, one of the instruments of measurement is known as assessment 

methods. As the approach of the Read-Memorise-Pass the quiz is not enough to 

completely confirm that learners have understood the materials presented to them 

(despite the fact that this method has been practised for centuries), it is necessary to 
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seek the origin of learning and assessment philosophy to find a preferred method and 

the way mentioned earlier. Therefore, based on types of knowledge known as i) basic 

knowledge, ii) procedural knowledge, and iii) conceptual knowledge (Shute, Valerie 

and Towle, 2003), three methods of assessments are developed for the purpose of 

design and development of creating a framework for any future design of assessment 

questions. 

2.5 Individual’s Learning Factors 

In this section, factors influencing an individual‟s learning will be discussed. 

Psychological factors for a learner-centred knowledge-transferring environment, 

individuals‟ learning preferences, physiological learning factors, the relationship 

between time spent on learning materials and the performance of the learner, and 

learners‟ multiple intelligences will be discussed. 

 

2.5.1 Learner-centred psychological principles 

This section will attempt to put a spotlight on the vast subject which is the psychology 

of a learner and approaches to gaining knowledge in the form of information to depict 

a processed form of structured-based knowledge, which means the study of how a 

learner‟s psychological factors could affect the production of knowledge from 

information. In this section, the effects of a learning environment will be studied 

where the learner him/herself is in control of his/her learning methodology. 

On the basis of the analysis on the issue of learner-centred psychological factors for 

setting a benchmark on recognising learning needs, there is a shortened version of a 

report done by the Work Group of the American Psychological Association's Board of 
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Educational Affairs in 1997 [LCPP, 1997]. It sets out 14 rules as a framework to 

categorise learner-centred class environments to create an atmosphere where the 

psychological side of the learner is the focus. 

These rules focus on psychological factors that are primarily internal to and under the 

control of the learner, rather than conditioned habits or physiological factors. 

However, the principles also attempt to acknowledge the external environment or 

contextual factors that interact with these internal factors. They are categorised into 

four groups with which their relationships with the current system under the study are 

explained. They are: a) cognitive and metacognitive factors; ii) motivational and 

affective factors; iii) developmental and social factors and iv) individual differences. 

Cognitive and Metacognitive Factors: 

1. Nature of the learning process: On the basis of meaningful information, 

construction and experience of an intentionally built complex subject that 

matters, learning would be in the most effective form of acceptance by the 

learner. This psychological factor would show the important need to have a 

knowledge transfer environment in the form of a learning environment. 

2. Goals of the learning process: A successful learner with support and proper 

instructional guidance will be able to present a coherent and meaningful 

representation of knowledge over time. This would be the main goal of 

directing a learner‟s interaction with an e-learning system towards a specific 

goal known as learning objectives. 

3. Construction of knowledge: A learner, who is successful in the construction 

of knowledge, will be able to link newly achieved information with existing 
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knowledge in meaningful ways. As such, throughout the involvement of a 

learner with the system, there are sets of assessments which are designed to 

confirm the progress of an individual‟s learning by the method of construction 

of knowledge. 

4. Strategic thinking: A successful learner can create a useful reasoning 

strategy and thinking towards the achievement of complex learning goals. A 

learner, by using e-learning systems, would have a clear idea of what to 

expect and how to achieve it. 

5. Thinking about thinking: By selecting and monitoring mental operations 

towards creative and critical thinking, higher order strategies can be achieved. 

This is part of the system and the only way to measure it would be through 

different methods of assessment for different types of content. 

6. Context of learning: Educational environmental factors, including culture, 

technology and instructional practices influence learning. Teachers, by 

preparing and presenting knowledge concepts to learners, have a major 

influence in the development of learning environments. 

Motivational and Affective Factors:  

7. Motivational and emotional influences on learning: The level of achieved 

knowledge by a learner depends on and is influenced by a learner‟s 

motivation, and in turn, motivation to learn is influenced by the learner‟s 

emotional states, beliefs, interests, goals and habits of thinking. By giving 

continuous feedback to a learner, s/he would be encouraged to continue with 
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the process, though it needs to be mentioned that the report-giving tool would 

need to be available in case the learner requires it. 

8. Intrinsic motivation to learn: Factors such as learners‟ creativity, higher 

order thinking, and natural curiosity all contribute to the motivation to learn.  

The core psychological feature of motivation is stimulation by the most 

original and difficult tasks that are relevant to personal interests and provide 

personal choice and control. 

9. Effects of motivation on effort: Extensive and extended learner effort and 

guided practice is required to achieve complex knowledge and skills. 

Strategic effort alongside persistency over time is needed as a major indicator 

for the motivation to learn. 

Developmental and Social Factors: 

10. Developmental influences on learning: By building a learner‟s knowledge 

and requirements for further development, the effectiveness of physical, 

intellectual, emotional, and social domains must be taken into account. 

11. Social influences on learning: One of the major factors in learning 

enhancement is when a learner starts to interact and to collaborate with others 

on an instructional task, as this is influenced by social interactions, 

interpersonal relation and communication with others. 

Individual Differences: 

12. Individual differences in learning: Each individual learner has his/her own 

talent, capabilities, different approaches and strategies for learning. These 

could be counted as functions of previous experience and personality, which 
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will be studied by investigating the relationship between individuals‟ learning 

styles and the knowledge gained through this process. 

13. Learning and diversity: Social backgrounds, socioeconomic status, cultural 

(effects of race, gender etc) beliefs, ethnicity and linguistic diversity are a few 

of the factors that could affect learning. Despite the above-mentioned points, 

in this study it is considered that no social differences between learners exist, 

and it is the responsibility of the learner to control and adapt to the new 

environment for his/her learning process. 

14. Standards and assessment: Using a standard set of assessments to assess an 

individual‟s learning performance and general learning progress can help the 

teacher by providing continuous feedback on the progress of a learner 

including his/her skills,  motivational enhancement and self-directed learning 

abilities. 

 

2.5.2 Learning Preferences 

According to Dunn and Dunn (1992, 1993), students have learning style preferences. 

They have listed 21 variables that affect learning in five categories: 

 Environmental: sound, light, temperature, design 

 Emotional: motivation, persistence, responsibility, structure 

 Sociological: learning alone, in pairs, with peers, with an adult 

 Physiological: time of day, mobility, food or liquid, intake, auditory, visual, 

tactual, kinaesthetic 
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 Psychological: right/left brain, impulse/reflective, global/analytic 

It is worth mentioning that as Hwang & Wang (2004) have studied other 

characteristics of a learner‟s personality and their relationship with an individual‟s 

learning styles, they have come across other types of related issues such as: ambiguity 

tolerance, anxiety, field dependence / independence, active / passive learning, locus of 

control and self-efficiency, to name a few; however these are outside of the scope of 

this study. The reason for not selecting the above mentioned learners‟ characteristics, 

is the level of complexity that this would introduce into the system under study and 

time it would take to address all these issues would be beyond the scope of what could 

be achieved in a PhD. There are many examples of such characteristics for example, 

the ergonomics of the learning environment (either room or an open space) which 

would be too difficult to control.  

2.5.3 Current traditional learning methodologies in relation to the 

duration of learning 

One of the main concerns about traditional teaching classes is the inability of most 

students to effectively listen over a period of time, regardless of the lecturer‟s 

teaching skill (Bonwell C.C., Eison J.A., 1991 and Chism et al., 1990; Appendix 16).  

In that respect, Stuart (Stuart J., Rutherford R.J.D., 1978) mentions an important 

understanding gained through his research more than a decade sooner that it is the 

quality of the learned material which counts when students have to concentrate for a 

long time in a class. The amount of material absorbed tends to be high at the 

beginning of the lecture for 10 to 15 minutes and then it falls steadily thereafter for 
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another 25 to 30 minutes. This is a good reason to make the duration of classes 

between 25 to 30 minutes rather than 50 minutes. 

Generally, the classic mistake teachers used to make in traditional classes, and a 

percentage of them still do, was/is the way they perceive each learner‟s learning 

methodology. The mistake is to think that all students have the same method of 

learning and teachers who assume this present their classes mostly in the form of oral 

lectures, at the same pace and without any interaction with the students [Chism et al., 

1985 and Johnson et al., 1992; Lee, L.L. and Zailani, S. 2010). In addition, such 

lecturers believe that all students have good auditory learning skills, good note-taking 

abilities (if not, the skill could be gained), high memory capacity and are adept at 

handling information processing overload (Johnson et al., 1992). As many student 

surveys have confirmed, most lecturing classes involved a passive approach to 

learning that is too uniformly didactic and largely out of the students‟ control 

(Knapper D.J., Cropley A.J., 1985 and Lindquist L., 1978; McCarry, N.E. and Mazur, 

J.M. 2008). Lindquist (1978) gives examples of the wasted potential of traditional 

classes through activities, such as spending a lot of time on note-taking and spending 

too much study time on memorising rather than doing other activities, such as 

analysis, application, synthesis, and evaluation. Bligh (1972) found that there is much 

evidence that lectures are less popular than other methods of instruction. Costin 

(1972), in a review of multidisciplinary research (for example biological sciences), 

compared lectures with discussions, student-centred projects, reading, and self-

instruction, and made the following conclusions: in terms of gaining information 

lectures are usually similar to the context of discussions or student-centred learning 

environments such as student projects, although discussion sessions are probably 
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more effective at teaching cognitive skills, such as interpreting knowledge and solving 

problems. 

Discussion sessions and student-centred projects are more effective at helping 

students to retain information beyond the termination of a course. As for lectures vs. 

reading and self-instruction, there is no clear-cut superiority of any one method over 

the other. If any advantage exists, it may be in the direction of self-instruction. 

2.5.4 Conclusion on Individuals’ Learning Factors 

By illustrating a variety of factors involved in a learner‟s learning environment, issues 

regarding psychological factors such as cognitive and metacognitive factors and 

individual differences were studied. Visual, auditory, tactual and kinaesthetic learning 

preferences in the physiological category of learning factors have been used as the 

principles of the framework for designing AAPELS. In addition to that, studying the 

relationship between the time spent on learning materials and the performance of a 

learner is another factor which sets a framework for any possible research. 

 

2.6 Issues in designing an adaptive e-learning system 

In this section, issues related to learning environment, learning systems, e-learning 

systems and the adaptivity of such systems are discussed in this section is concluded 

by a survey on existing UK‟s higher education institutions and how it affects our 

understaing of adaptive and personalised e-learning systems. 
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2.6.1 Issues in Designing a Learning System 

There have been many types of learning systems used, such as traditional teacher-

student learning environments, for many generations. Hence it is necessary to discuss 

issues involved with the process of designing learning systems, which are: i) 

understanding learning environments, and ii) collaborative learning environments, in 

terms of the measure of control given to learners. 

Learning environment 

A learning environment is an environment where the main goal must be the delivery 

of knowledge from one mind to another by any means possible with additional 

supplementary feeds on the state of mind where the application of gained knowledge 

must be adequate in its conversion to have a practical solution on real life problems 

(Berg, D., 2009). 

The research indicates (Devaney L., 2010) that an overwhelming number of students 

have shown an increase in their learning activities while being involved in a 

collaborative learning environment. Furthermore, as the concept of collaboration 

directly involves the concept of group-based activities, and humans by nature are a 

social type of creature with his/her own mind set, further investigation of this concept 

provides better understanding of the learning systems used for the delivery of the 

knowledge and the types of learning systems. 

Design of a collaborative learning environment 

The main concern of a collaborative learning environment is the willingness of 

learners to contribute their time and effort in the constructive process of their 
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knowledge. Madden, Slavin and Kumar (Slavin1978; Madden & Slavin 1983; Kumar 

2002) have already confirmed that learners in team-based classes felt that their team-

mates want them to learn. In relation to designing a learning system in a collaborative 

environment, there are a few different approaches that could be learned from the 

environment shared between peers, tutor and machine, as Kumar (2002) has 

described. This, followed by a well-restricted environment by Chi [Chi et al. 1989], 

led McCalla (1990) to develop a set of roles as a model to set a collaborative learning 

environment. (Appendix 18) 

2.6.2 Preliminary analysis of designing an adaptive e-learning 

system 

Existing adaptive e-learning systems 

Throughout the history of online learning, the main concern was, and still is, the use 

of different methods for developing ELSs. Hence, a conducted preliminary survey of 

195 UK educational institutions (October – December 2004) gave an indication of the 

types of e-learning systems used in those institutions (HERO, 2008; ELISA, 2005; 

and Mustafa, A. 2004). 

The main objective of this research is to learn about the key factors of the various 

types of e-learning systems (Appendix 1) and their effects on learners‟ learning 

performance. The gathered data were stored in a database built for this purpose 

(Figure 2 and Figure 3). 

The basis of this research was to search through each institution‟s website, their 

search engines and their library‟s website to find materials on their use of an 

e-learning system, as it is the best medium for institutions to present their ideas and 
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services. On many occasions a link was followed to many other web pages within 

their related departments and their published web pages. Individual lecturers and staff 

websites, related conferences‟ reports and many other links have been followed for 

this reason; so any chance of getting any information related to their services on 

e-learning systems (not precisely distance learning) and ideas of establishing their 

system was taken. A few departments (school offices) of universities were directly 

contacted (by telephone or by email) to gain more in-depth information about their 

use of e-learning systems, if any. 

 

Figure 2: Screen capture of searched institutes on the use of e-learning systems’ switchboard. 
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Figure 3: Screen capture of the form used for entering information on the type of ELS used at 

each higher educational institution. 

 

The outcome of the preliminary analysis of searched data on universities and higher 

educational institutions (gathered in 2004) is presented in Table 1. Data were 

collected based on the websites of individual institutions and whatever tools had been 

used as the principal means of using the e-learning system. 
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 Number of Edu. 
Institutions 

Ratio compared to the total number of 
Institutions searched for 

Total No. of inst. under 
research 

195 100% 

No. of inst. use eLearning 
Systems * 

90 46% 

No. of inst. use particular 
LMS 

56 29% 

No. of inst. use Adaptive 
eLearning Systems 

0 0% 

No. of inst. used WebCT 29 15% 

No. of inst. used BB 16 8% 

* Any electronically based method of technology used for the purpose of communication. 
Table 1: Findings from data stored on universities’ use of e-learning systems 

 

Discussion and conclusion of this section 

The preliminary survey (Table 1) showed that there was not a single adaptive 

e-learning system used in higher educational institutions in UK – except an intelligent 

tutor type of e-learning system which was used merely as research and/or course 

supplement (HERO, 2008; Intelligent Tutor, 2004; ELISA, 2005; and Mustafa, A. 

2004). This raised great interest in this project and its potential, and it was deemed 

necessary to find out more about this area of adaptivity of e-learning systems. To 

proceed further, re-examining the development process of an ELS would be a 

necessary step. 

2.7 Conclusion of this chapter 

Through out this chapter, concepts and philosophies of learning were studied. The 

role of learning environments and learners‟ learning preferences presented an 

understanding of their impact on learners‟ learning performance, which subsequently 

shows their dependency on the concept of a measure of control given to either the 
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learner or the machine. The reflection on these concepts provided enough reasoning to 

rethink the aims and objectives of this research. Furthermore, from different 

perspective, it can be argued that by reviewing the existing course materials available 

on TeachMat (an existing Learning Content Management System used for storing, 

delivering and presenting course materials for a variety of programs in the School of 

Computing and Mathematical Science at the University of Greenwich, 

http://www.cms.gre.ac.uk/) and searching for possibilities on developing an ELS by 

the use of existing and available technologies, this research intends to learn the 

reasons “why AVELS is not publicly practised in UK‟s educational institutions?” 

Different tools (ELSs) were accessed from different sources – found as samples for 

this research – to sketch the best possible design to develop an adaptive e-learning 

system. On the other hand, based on the phases of i) the complexity of processes of 

adaptive systems (2.3); ii) the differences between concepts of adaptivity, adaptability 

and personalisation of e-learning systems (section 2.3); and iii) the complexity of the 

design (appendix 35 of the production log) and the development of adaptive ELSs, it 

was decided that at this stage of the research it is cost effective (in terms of time and 

effort), and more interesting in terms of the consideration of the effects of learner 

control of the learning environment, to focus the investigation on the impact of 

adaptable and personalised e-learning systems on learner‟s learning performance. 

Therefore a refined version of the hypothesis is presented in the next section to further 

the investigation on the current study‟s aims and objectives. 
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2.8 Refining the hypothesis and methodology based on new 

findings 

Based on the analysis above and the new understanding of the concept of 

personalisation of e-learning systems, a refined version of the hypothesis seemed 

necessary; it is developed as follows: 

Refined hypothesis: “That learners‟ learning performance increases more while 

interacting with adaptable e-learning systems than with personalised e-learning 

systems.” 

Refined activities:  

Since the hypothesis has been refined, so must the roadmap for the methodology to 

find the aims and objectives. The phases are as follows: 

i. Investigation into the possibility of analysis, design and development of an 

adaptable and personalised e-learning system, which aims at measuring 

learners‟ learning performance. 

ii. Measuring the effectiveness of adaptable vs. personalised e-learning systems on 

learners‟ learning performance, within categories of knowledge assessment 

methods. 

iii. The newly designed and developed adaptable and personalised e-learning 

system requires newly structured and developed content materials, so to be 

compatible with the newly designed and developed e-learning system. 

iv. Developing the experimental and evaluation methods as a road map towards 

analysing learners‟ activities and measuring their learning performance. 
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Chapter 3 Issues in designing an Adaptable, 

Adaptive and/or Personalised E-Learning System 

 

3.1 Overview 

In this chapter existing methodologies and design of types of e-learning system, 

which would be able to deliver learning-preference-based content materials are 

discussed. The physiological learning preferences and its relation to the type of 

designing assessment questions is discussed, which further on leads to the 

understanding of the concept of decision maker unit, feedback-based control system 

and varieties of possible types of e-learning systems. 

It is important to mention that, although the rest of the study has been developed for 

the purpose of finding the effectiveness of adaptable vs. personalised e-learning 

systems on learners‟ learning performance, for the purpose of covering all the bases 

and possible future extended research, issues related to an adaptive e-learning system 

have been investigated side by side of the above-mentioned systems. Hence, AAPELS 

(AVALPELS) stands for adaptive, adaptable and personalised e-learning systems. 
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3.2 A Review and Analysis of Traditional and Current 
E-Learning Models 

Dick and Carey’s model for ELS 

With continuous changes and updates to the process of design and development of 

e-learning systems, selecting a suitable framework and model to follow was a 

challenge. However, as most designs had a similar idea behind all their design stages, 

the selection was narrowed down to a few options. As the basic idea behind any 

e-learning system is to provide content material through a web-based system, where a 

learner could get access to content material whenever and wherever s/he liked with 

synchronous/asynchronous live support, the model developed by Stone & Koskinen 

(2002), which is an upgraded version of Dick and Carey‟s (1990) traditional 

e-learning model, was selected. It basically took the design and development of an 

ELS project through a loop known as the System Development Life Cycle (SDLC) 

and was mostly concerned with the analysis phase of instructional design, which in 

turn is the most significant stage of any SDLC (see Figure 4). 
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Figure 4: A traditional instructional design model developed by Dick and Carey, 1990. 
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The model was developed further and changes were made to its SDLC model. The 

new model developed by Stone & Koskinen (2002), which is an upgraded version of 

Dick and Carey‟s model for e-learning development, is shown in Figure 5. The 

original model will not be discussed in depth here because it is not the main concern 

of this project, since the key point of this research as stated in section 2.8 (revised 

hypothesis) is to design an online learning environment where the learners‟ learning 

performance could be measured on the basis of learning styles and measures of 

control. 

The current Stone & Koskinen model for ELS 

An e-learning development model begins, like the traditional model (Dick and Carey, 

1990), with a thoughtful analysis of current and desired conditions. As in the 

traditional model, the analysis phase consists of a need and performance analysis, an 

audience analysis, and a task analysis (Figure 4). In the current e-learning model, 

besides all the above factors, a technical analysis and a cost-benefit analysis also 

needed to be performed to ensure that the subsequent strategic plan takes into account 

the current and desired technical and financial conditions. Figure 5 demonstrates the 

steps with the currently practiced model to develop an e-learning system (Stone and 

Koskinen, 2002). 

The emphasis of this project is on section two of the process “Strategic Planning” and 

sub-section three identified by “Instructional design” (Figure 5).  
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Figure 5: A model for developing an e-learning system (Stone and Koskinen, 2002) 
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The main concern of an adaptable and personalised e-learning system would be to 

keep track of students‟ activities and to measure the level of learners‟ learning 

performance. The instructional design system provides a method for teaching a 

subject (Figure 5), which means instructional designers must be aware of the learners‟ 

needs and their individual learning style, so that the learning materials given to 

learners are as comprehensible as possible. It is here that the adaptability of a system 

plays an important rule while developing instructional design materials [Stone and 

Koskinen, 2002]. 

The next step would be to learn about physiological learning factors (2.5.2) which 

could form a basis for initialising a system, whereas those factors are the key 

component of the interaction between learners and the e-learning system under study. 

 

3.3 Physiological Learning Category 

As stated earlier (2.5.2), stages of identifying learner‟s learning preferences require 

different phases such as filling a questionnaire by the learner so to learn about his/her 

learning preferences. This is one of the key references on the design and production of 

different types of learning materials and at the same time a category must be chosen 

later on for its method on identifying the learner‟s learning style using the shortest 

possible method compared to other complicated and lengthy methods such as Mayer-

Brigg‟s Type Indicator (MBTI, 2009). In this case, all a learner does is to answer a 

series of questions. For example in physiological learning preferences a learner has to 

answer thirteen questions (Fleming, N.D., 2006), rather than the tens of questions s/he 



Chapter 3   

   
 58 

would get from using, a questionnaire designed based on MBTI method, which in turn 

will not create the sense of self-preservation from continuing the course through the 

use of this system. It is worth mentioning that the concept described by the phrase “an 

environment does not create a sense of self-preservation”, means that the user of such 

environments will not have the freedom to control and change their learning space 

and as such they provide their feedback within those limitations. This can lead to 

feedback being constrained by the exigencies of their interaction with the 

environment, and the impact of that on their learning. This approach with the use of a 

specific method of identifying learning preferences has created a wide range of 

options, which is studied further in Appendix 17; it also tries to find the relationship 

between an individual‟s learning style and his/her learning performance. The 

following list is an analysis of learners‟ physiological factors to identify his/her 

learning style: 

Visual: individuals with a visual type of physiological learning preference would 

prefer to view concepts and understandings in the form of a picture, and learn through 

finding relationships between its collective objects rather than going through its 

individual components, such as the individual characters in a word. The methods of 

presenting information would be in the form of symbols, arrows, charts, diagrams, 

graphs, and any type of visually-based representation that could be used to transfer the 

information. This category holds the sub-category of Read/Write types of learning 

preference, as described in Appendix 17. 

Auditory: this is another perceptual mode of learning where the learner would prefer 

to obtain information in an auditory form. In principle, any method of communication 

via an audio-enabled environment is a determinant factor of learners with an auditory 



Chapter 3   

   
 59 

type of learning style. A few examples of preferred methods of interaction for 

individuals with auditory types of learning style are group discussion, speaking, 

verbal tutorials and lectures, listening to tapes or CDs, talking things through and web 

chats. This type of learning style has been analysed further in Appendix 17. 

Read and Write: read and write has been categorised as another physiological type 

of learning style. In this category, information is presented as words – or to clarify it 

better, a standardised format of shapes. This preference emphasises text-based input 

and output, and reading and writing in all its forms. This learning preference has been 

disseminated to another visual format as they share the same attributes. The process of 

its creation method has been described in Appendix 17.  

Kinaesthetic and Tactile: in this category, the perceptual preference of 

communication is a combination of previously mentioned learning styles with 

experience and practice (Fleming & Mills, 1992). This section in itself has not been 

considered as a separate type of learning preference in the design of AAPLES. It is 

the interaction between other perceptual preferences of communication which forms 

the type of kinaesthetic/tactile type of materials. A detailed description of this type of 

modality has been described further in Appendix 17. 

From now on to simplify referencing to elements of physiological learning categories, 

the acronym VARK is used which stands for “V” for video, “A” for audio, “R” for 

read/write, and “K” for kinaesthetic/tactile. 
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3.4 Control systems  

Control systems are key to the design of e-learning systems and are the different 

types, therefore discussed in this section. Any type of control system requires i) 

evaluation of the feedback from the end unit (by unit we mean a sub-component of an 

e-learning system) or the output of a unit, and ii) a control unit to measure that 

feedback so to make necessary adjustments to a system to improve its performance 

based on the characteristics defined by its designer or user. 

These control systems that study the feedback received from a unit (either the output 

or from a different unit) are called closed-loop control systems. For the purpose of 

this research and since this research requires the measure of control of learners‟ 

learning performance in an adaptable personalised e-learning system, it is necessary to 

learn about the different types of control system. They are: 

i) Closed-loop feed-back control system 

ii) Closed-loop feed-forward control system 

 

3.4.1 Closed-loop Control system 

In a generic model of a system (Figure 6), feedback is gathered from a variety of 

sections of the system (input, process and output sections) and provides enough 

information for the control unit to allow it to make the right decision (Golten, J. & 

Verwer, A., 1991; Bocij, P., Chaffey, D., Greasley, A. & Hickie, S., 2006). There are 

two different ways of feeding the system via the control unit: i) the closed-loop 

feedback control system and, ii) the closed-loop feed-forward control system. 



Chapter 3   

   
 61 

 

Figure 6: A generic model of system 

 

Closed-Loop Feed-Back Control System (CLFB) 

Figure 7 (below) demonstrates a system environment where control is achieved by 

receiving feedback from the different parts of the system and injecting new 

information into the system. 

 

Figure 7: Closed-loop Feed-back control system 

 

 

Closed-Loop Feed-Forward Control System (CLFF) 

Figure 8 demonstrates a system environment where control is achieved by receiving 

feedback from the external command unit in the form of an interaction and then 

passing on new information to change the output for the best compatibility of the new 

data with the decision made by the control unit. 
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Figure 8: Closed-loop feed-forward control system 

 

At first sight, the feed-forward loop is similar to the feed-back loop. However, the 

major difference is the source of the control unit. In the feed-back loop, the source is 

being fed from the output; however, in the feed-forward loop, the source of the 

feeding comes from outside of that loop and, as shown in Figure 8, there are no loops 

that the data could move around and so basically all arrows point to the output 

(Golten, J. & Verwer, A., 1991; Bocij, P., Chaffey, D., Greasley, A. & Hickie, S., 

2006). 

 

3.5 Conclusion of this chapter 

In this chapter issues in designing an adaptable, adaptive and/or personalised 

e-learning system were discussed. Since the qualitative method was expected to 

provide the necessary evidence on any relationship between learners‟ learning 

preferences in different online learning environment, the model designed by Stone & 

Koskinen (2002) was studied to provide a direction for this research. Furthermore, our 

understandings on the system required further investigation on the concept of 

physiological learning categories, specifically of types visual (V), auditory (A), read 

and write (R), and kinaesthetic and tactile (K). The relationship between these types 
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of learning preferences and any online learning environment requires a controlling 

system where content materials would be selected based upon them. As such, two 

types of closed-loop control systems (feed-forward and feed-back closed-loop control 

systems) were discussed which provides the necessary understanding on the impact of 

learners‟ measure of control given to either of the learners or the system, which in 

turn solidify the reasoning for having a control system to select the learning materials 

based upon learners‟ learning preferences. 
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Chapter 4 Designing an Adaptable, Adaptive 
and/or Personalised E-Learning System 

 

4.1 Overview 

This chapter discusses designs drawn from chapter three and their relevance to the 

investigation done on the hypothesis of finding any relationship between learners‟ 

learning preferences and types of e-learning systems in terms of their effect on their 

learning performance. There are eight categories of e-learning systems (section 4.8) 

which have been analysed and designed based on the type of interaction between 

systems and learners, or more accurately in terms of types of assessments done before 

and during the attempt to take a course. These are based on different learning styles 

and knowledge assessments which are used to instantiate systems variables, there are 

fifty two types of e-learning systems which has been analysed and designed 

(appendices in the production log – see section 4.8 for an explanation of these fifty 

two types of ELSs). The two selected types of ELSs are the ones which are 

investigated, further analysed, designed, developed and implemented. 

4.2 Introduction 

Given that the purpose of this research is to investigate the effectiveness of learners‟ 

learning style on his/her learning performance (2.8) and to measure the effectiveness 

of such systems based on the control given to the learner, teacher or system, they 

(those systems) should assist with a measure of control given to the learner, teacher or 

type of e-learning system (in an adaptive form). 
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Furthermore, the measure of control given to the learner, teacher or system defines the 

type of e-learning system and the type of control unit. Moreover, as discussed earlier 

in section 3.4.1, there are different types of online learning system which require 

understanding of the feedback received from the user‟s interaction with the online 

learning environment in the form of tracking their interaction with content materials 

and navigating through the system itself to learn about self-evaluation, and so to 

create a personalised learning environment. These would work based on two major 

types of closed-loop controlling mechanisms (section 3.4.1). These types of feed-back 

and feed-forward closed-loop controlling systems are the bases of the design and 

development of the adaptable, adaptive personalised e-learning systems investigated 

in this research. Additionally, the core of the control unit should be formulated based 

on two major fundamentals: i) the instructional design based on different learning 

philosophies (section 2.2.2) and ii) physiological learning categories (section 3.3) 

which determine the scope of how learning materials should be formatted and 

presented to different learners. 

 

4.3 Overview of the e-learning systems developed 

As any information system requires a form of navigation, to access and manipulate 

data stored in it, Figure 9 presents a high level view of the system navigation for 

adaptable personalised e-learning system under study. It is a combination of login 

process and data provider components. There are two sub-systems in the design and 

these are shown in Figure 10. A brief description of each sub-system follows, 

The authorisation processing sub-system includes identifying authorised users and 

their type authorisation. Once logged in, users will then be redirected to the relevant 
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sub-system based on the authorisation they hold. The data provider sub-system 

includes core components of the system which is a combination of learning content 

materials, the system‟s control unit, content provider component which repackages 

the required learning materials content presenter, as illustrated further in Figure 10. 

This unit also includes a feedback unit which keeps track of the users‟ interaction with 

the system and stores that data in a database for future analysis. This diagram will be 

explained further in more details in later sections to clarify its sub-components and 

their relevancy to this research in terms of understanding the relationship between 

learners‟ learning performance and learner‟s learning preferences in different 

e-learning systems.  

 

Figure 9: High-level view of the system’s navigation - 1 
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Figure 10: High-level view of the system’s navigation - 2. 

 

Further to discussions provided earlier and throughout this research, to investigate the 

relationship between learners‟ learning performance and types of e-learning systems 

based on their learning preferences, the next step is to have a discussion on the 

physiological learning category, and its role in this research with its effects on 

designing adaptable and personalised e-learning systems. It is noteworthy to say that 

the learner can not override the process of registration and the navigation through 

content materials. However, the learner can freely choose which topic of learning 

materials to start with. 

 

AAPELS 

Front page 

Login Authorisation 

Content Presenter 

Feedback 

Content provider 

(Repackager) 

AAPELS 

Controlling Unit 

User‟s 

Interaction DB Learning Content 

Materials DB 

User 

(Learner, Tutor, Admin) 

Data provider 
component 

Login process 
component 



Chapter 4   

   
 68 

4.4 Physiological Learning Category 

The design of any system which works based on the feedback received from different 

units (3.4.1), requires a set of regulations to make the necessary adjustments back to 

the system, for example when a learner gives feedback to a questionnaire, it is 

considered as message to the system, so the next step would be the selection of 

appropriate types of content materials based on a learner‟s learning preferences and 

then the system will adjust its instantiated variables for the selection of relevant 

learning method. This is done through a mechanism which makes the message 

understandable by other parts of the system. Hence the control unit must be designed 

in such a way which its operation should be compatible with learner‟s learning 

preferences. This decision is mandatory to make sure that the core unit of the 

e-learning system under study works based on i) learner‟s interaction with the 

learning environment and ii) his/her learning preferences which in turn relates to the 

content materials provided via the learning environment. 

For the purpose of this research it is decided to use four types of physiological 

learning preferences known as visual, auditory read/write and kinaesthetic/tactile 

types of learning preferences as discussed in sections 2.5.2 and 3.3. This decision is 

based solely on the i) availability of resources which leads with a less complicated 

learning environment compare to other learning preferences (such as temperature of 

the room, or learners wish to study in pairs or alone); ii) controlled learning 

environment based on the number of variables chosen for this study; and iii) the 

number and type of questions that have to be asked of the learner. 

As a result of the discussion on the selection of the categories of four physiological 

learning preferences mentioned above, these main characteristics have been 
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considered as key factors in the process of identifying individuals‟ learning 

preferences for the reason of developing a learner‟s uniquely and specifically created 

learning materials. 

4.5 Content Object Provider System and Decision Maker Unit 

– From Concept to Design 

Given that any e-learning system is a type of learning management system and is used 

for the delivery of learning materials, and that learning materials are a collection of 

content material made up of structured, smaller objects with purposes or objectives 

known as content objects, the analysis of an e-learning system‟s structure and 

understanding the process of its design and development supports the understanding 

of the design and development of an adaptable, adaptive and/or personalised version 

of an e-learning system (AV,AL,P,ELS). 

Furthermore, to investigate the relationship between i) content objects with the 

consideration of physiological learning categories (VARK – section 3.3), and ii) the 

process of selecting those content objects based on the learner‟s learning preferences 

(specifically VARK-based and not based on MBTI – Mayer Brig‟s type indicator or 

others), the need for developing a component called Decision Maker Unit (DMU) 

presents itself, since it is required to support building different types of e-learning 

systems - AV,AL,P,ELSs (Figure 11).  
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Figure 11: Relationship between components of a basic structure of an e-learning system. 

 

The decision maker unit (DMU) in Figure 11 directly affects the selection of content 

objects from the depository of available COs (available to the system). The reason for 

using the term “available” is that there might be a set of COs under the process of 

development (in the development phase) while their digital assets – DAs – are being 

developed. Digital assets are at the lowest-level digital components which can‟t be 

broken down into smaller useful components like an audio file, or a photo. 

As mentioned earlier, the outcome of the above analysis would provide a better 

solution in designing an AV,AL,P,ELS.  Figure 12 shows that structured XML and 

XSL are used to provide a set of data outcomes and in the same way, the VARK-

based DMU is used to create a specific Learning Object (Appendix 17). Again, an 

explanation is necessary as to why the word “create” is being used here and not 

“select”. To simplify the definition of learning object, it could be said that it is a 

collection of all the content material needed to create a package which gives all the 

necessary materials to the learner, including learning, practice and assessment 

materials, in addition to meta data so that it is compatible with any e-learning system, 

which has been built to a standard, such ADL -SCORM (2004). 

 

Figure 12: Comparison of LO creation with the method used in data handling with XSL 

 

To clarify the diagrams in Figure 12 above, a variety of explanations can be given. 

One is the similarity of DMU within the XSL-XML-based data processing system. 
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XSL sets a query for the existing library of XML and so the outcome will be a filtered 

version of existing resources. In the same way, in this system, the DMU also makes 

decisions in selecting the type of CO to be passed on to a learning object viewer, 

accessible to the learner. But the principal point is that the DMU makes its decisions 

based on VARK-based learning preferences (LP), and thus the system functions as a 

Personalised ELS (PELS). However, the thought of “how a decision making unit 

(DMU) can be readjusted to make its decisions in the first place” results in three 

options: 

i) If the resetting or instantiation process of variables required (so to let the system 

start work) is done by the learner, then the system is an adaptable e-learning system 

(ALELS), and ii) if the system itself is in control of finding out its instantiation of 

variables, the system is called an adaptive e-learning system (AVELS); and iii) of 

course, both systems have options of personalisation designed for them (in 

combination with both of them) which is that the learner nor the system will have the 

option of changing relevant variables after their instantiation process. 

To have a controlled learning environment through an e-learning system (Figure 13), 

there must be an interaction within the decision maker unit to receive continuous 

feedback from a learner, to make the necessary adjustments to the next action if 

needed. 

 

Figure 13: A basic type of closed-loop feedback schematic of an e-learning system for an adaptive 

adaptable personalised e-learning system 
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In Figure 13, for example, the decision maker unit makes its decision based on VARK 

learning categories, which ultimately selects a specific type of content object and 

presents the contents in the form of a learning object which then will be passed on to 

the user. The feedback received from the learner‟s interaction with the system will be 

another factor in the decision-making process of the next step. 

 

4.6 A high-level overview of a learning object creator for a 

personalised ELS 

As described in section 4.5, there is a need to have a decision maker unit (DMU) so 

that is possible to make proper use of a user‟s feedback and so to measure the 

learner‟s sense of control over his/her learning environment in terms of learning 

performance; which in turn means that this unit makes its decisions based on the 

learner‟s learning preferences (Figure 14). This unit receives feedback from the user‟s 

activities and then decides what the next format of content object (CO) is. 

 

 

Figure 14: A basic high-level view of an adaptable, adaptive personalised e-learning system 

 

To receive a learner‟s feedback, which happens at each interaction between the 

learner and the application‟s graphical user interface (GUI), the delivered content 
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section, the content object and metadata of the learner‟s learning style must be 

attached. 

 

Figure 15: Process of updates in the History of Learning Preferences (Styles) Unit (HLPU)  

 

4.7 Analysis and Design of the Decision Maker Unit (DMU) 

As this unit is the heart of an adaptive, adaptable and/or personalised e-learning 

system, it has a complex structure compared to other sections of the system; as it 

would and should be able to make the right decision based on the learner‟s learning 

preferences. 

Figure 15 comprises of two figures; the Figure 15-a (partial section of the proposed 

Decision Maker Unit (DMU)) and Figure 15-b (an overview of a Learning Object). 
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learner‟s history of learning preferences. This is one of the main key factors in the 

process of making decisions about what to prepare and then how to present it to the 

learner in the form of a learning object (Figure 16). The second sub-figure (Figure 15-

b) proposes a structure for the learning objects based on this study and specifically 

involves the learner‟s learning preferences. This figure has been discussed fully in 

Appendix 17. 

4.7.1 Analysis of the Decision Maker Unit (DMU) 

The decision maker unit is the core component of the current form of e-learning 

system where learners‟ sense of measure of control can play a key role in the 

development of their learning performance. Theoretically, this unit requires a sub-unit 

which has access to all content objects, learners‟ history of learning preferences and 

his/her learning styles, control over their interaction with the learning environment, 

and at the end the outcome of the decision made based on whatever algorithms have 

to be sent to learners in the form of a predefined unit of a learning material (package) 

known as a learning object. A simplified version of this unit is presented in Figure 16. 
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Figure 16: A higher-level view of the Decision Maker Unit for processing a Learning Object Creator 

 

The diagram in Figure 16 presents a conceptual model for a decision maker unit 

(DMU) and other sub-sections required making it functional. The five main sections 

of the system are: 1. Database of Content Objects (CODB – which is a collection of 

metadata of digital assets, learning contents, practice contents and assessment 

contents). 2. Learner‟s history of learning preference (LHLP-DB, where the system 

stores learners‟ activities while interacting with the contents materials). 3. Learning 

styles‟ DB (LSDB) – such as psychological and physiological assessment library – 

VARK-based assessment. 4. Feedback received from users. 5. Learning object 

package (LO), which acts as an outcome of the DMU and is to be passed on to the LO 

viewer. 

The first and third sectors of the system (content object database and learning styles 

database) are in the form of a static database, and the second package or sector of the 

system (the learner‟s history of learning preferences database) gets updated when 

either a learner or the system decides to change the learner‟s learning preferences 
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(style) and the database gets updated by entries from the user in the form of feedback. 

These are types of data in response to a learner‟s activities on a presentation, which 

would update the history of the learner‟s preferences. As is obvious from this process, 

the DMU has a great dependency on this package (database of learner‟s history of 

learning preferences – HLPDB). 

Learner‟s HLPDB is the main influential key in the decision-making process for the 

selection of the next type of a) Content Material (CM) in the form of an object (CO) 

and b) Learning Styles. DMU has access to both LSDB and CODB, for the whole 

time. It compares newly received feedback from the learner with his/her history of 

activities and then makes a decision. 

 

4.7.2 Proposing a Design for the Process of the Decision Making 

Unit in an AV,AL,P,ELS 

While a user interacts with a GUI and sends his feedback in the form of either KW 

(Kinaesthetic form of contents with Writing, which would involve typing in 

characters via a keyboard) or KV (Kinaesthetic form of contents with visually based 

interaction with a user interface such as moving objects on the screen; this can be 

done via Flash-based files and the use of a cursor to drag and drop objects), the 

system collects such data and forwards them to the DMU. Now this unit has enough 

information to make the next action. It adds these records to the HLPDB and then, on 

that basis, it checks for the learner‟s history of changes on the base of the learner‟s 

learning preferences. By having these factors and information, the DMU then selects 

the most suitable type of COs from the CODB unit and prepares the Learning Object 
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so that is available to be used by the learner in the next part of the activity. These 

processes are described in the graph (pseudo-chart) below: 

 

Figure 17: A high-level view of the e-learning system based on the learner’s learning style. 
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learner. By receiving different entries, the DMU compares the results, together with 

the learner‟s related histories of activities, and then makes a decision regarding which 

would be the next LO – on the basis of the CO_Type and Presentation Template. 

4.8 Proposed forms of E-Learning Systems under study 

In addition to the methods of delivery of learning contents through a type of LMS, 

this study expands the design of an LMS further into eight different types which have 

been categorised based on whether they are a basic form of learning management 

system, personalised, or an adaptive and/or adaptable type of e-learning system. The 

list of possible categorisation is as follows: 

1. ELS (E-Learning System): for further information the reader is referred to 

Appendix 1-1. 

2. PELS (Personalised E-Learning System): for further information the reader is 

referred to Appendix 1-2. 

3. ALELS (Adaptable E-Learning System): for further information the reader is 

referred to Appendix 1-3. 

4. ALPELS (Adaptable Personalised E-Learning System): for further information 

the reader is referred to section 4.8.1. 

5. AVELS (Adaptive E-Learning System): for further information the reader is 

referred to Appendix 1-4. 

6. AVPELS (Adaptive Personalised E-Learning System): for further information 

the reader is referred to Appendix 1-6. 

7. AAELS (Adaptive Adaptable E-Learning System): for further information the 

reader is referred to Appendix 1-7. 

8. AAPELS (Adaptive Adaptable Personalised E-Learning System): for further 

information the reader is referred to Appendix 1-8. 

With regard to the hypothesis under research, as discussed in section 2.8, this research 

attempts to investigate learners‟ learning performance with the “measure of control” 

given to the learner in using different types of e-learning systems, and as such, four 
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types of systems which have the element of adaptivity in them will not be investigated 

(AVELS, AVPELS, AVALELS and AVALPELS). The traditional ELS does not have the 

capability of measuring the learner‟s learning performance with the effect of giving a 

measure of control to the learner. The other two types of ALELS and PELS will have 

the capability of giving the measure of control to learners but without having the 

ability to compare both types of adaptability and personalisation of the system. Hence, 

the only option left is ALPELS (adaptable personalised e-learning system) which has 

the ability to give the measure of control to learners and to measure their learning 

performance side by side with that freedom given to them. For further clarification, to 

investigate the number of types of e-learning systems, there are a few key elements, 

which need to be considered. 

 

User control or system control: 

Depending on the view of the interaction between learner, system and learning 

objects, the functioning of each element could be seen from two different views: 

learner-based and system-based controlling environments. Both controlling 

environments will be decided upon by the DMU (Decision Maker Unit). On the other 

hand, those environments are also divided into three main categories which are 

adaptability, adaptivity and personalised e-learning environments. To clarify the 

matter, let‟s find out about the number of variables in a typical e-learning system 

(relevant to this study), beginning with the definition of a few key variables (Table 2): 
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Key variable definitions of types of ELS related to this study 

Variables:  Indicating 

 0 The system is instantiated and it is set to a certain 

value, for example: LP0  

LPi = LP0 

 ? The system is instantiated and it is set to a certain value 

determined by a questionnaire‟s outcome 

 KAi = KA? 

 Learning Preferences (LP): 

LP0 / LP? 

 

  LP0:  Learning preference has been instantiated by the 

system 

  LP?:  The instantiation of variables are made through finding 

the outcome of a test 

 Knowledge Assessment (KA): 

KA0 / KA? 

 

  KA0: Knowledge Assessment values has been instantiated by 

the system 

  KA?: The instantiation of variables are made through finding 

the outcome of a test 

 Adaptability 

AL: 

Starts from some instantiated values and then those 

values could be re-adjusted again by the learner. 

 Adaptivity 

AV: 

Starts from somewhere and then the values could be re-

adjusted again by the system (system learns). 
 Personalisation 

P: 

Starts from somewhere. Those instantiated values will 

not be re-adjusted by the learner. 

Table 2: Key variable definitions of types of ELS related to this study 

 

With the consideration of different variables listed in Table 2, there will be fifty two 

different possible types of e-learning systems related to this study (all necessary 

documentations such as investigation on reasoning behind all these variables, coding 

and all other types of ELSs are included in the appendix in the production log). 

However, only two will be designed and developed: 

i. AL-LP?+KA0ELS: adaptable e-learning system where the learner‟s learning 

preference will be questioned through a form including the instantiated 

knowledge assessment. 

ii. PLP?+KA0ELS: personalised e-learning system where the learner‟s learning 

preference will be questioned through a form and will not be changed afterwards 

including the instantiated knowledge assessment. 
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Thus, the key component of this research (the hypothesis mentioned in section 2.8) is 

finding any relationship between the two types of e-learning systems discussed above. 

The first is AL-LP?+KA0ELS, an adaptable e-learning system where the learner‟s 

learning preference will be questioned through a form including the instantiated 

knowledge assessment. At this stage, the value is all available learning objects. The 

second is PLP?+KA0ELS, a personalised e-learning system with both learning preference 

and knowledge assessment to be set to certain values in the same way as 

AL-LP?+KA0ELS, but with one difference. The key difference in this version is that in a 

personalised e-learning system, the learner will not be able to change any values after 

instantiation is done, unlike the type of adaptability where the system can 

continuously receive inputs from the learner, while navigating through learning 

materials. 
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>>>>>3. AL-LP?+KA0ELS<<<<< 
Detailed Processes Summary of actions 
The system is instantiated on: 
KAi = passed [KA0] 
LPi = is required [LP?] (decided through a test) 
 
and then: 
KAP = the learner is presented with all LOs and it 
is a changeable environment controlled by the 
learner and not the system 
LPP = it is already decided upon and it is a 
changeable environment controlled by the learner 
and not the system 

 
 
Instantiation: 
KA0 =  
LP0 = ? 

Optional changes available to the 

Learner: 
KA = LOs   
LP = LPi  

 

System: 
KA =  ≡ 
LP = LPi ≡ 
 

Table 3: Structure of AL-LP?+KA0ELS’s conditions and processes 

 

>>>>>15. PLP?+KA0ELS<<<<< 
Detailed Processes Summary of actions 
The system is instantiated on: 
KAi = passed [KA0] 
LPi = is required [LP?] (decided through a test) 
 
and then: 
KAP = The learner is presented with all LOs, but it 
is an unchangeable environment controlled by the 
system 
LPP = it is already decided upon based on LP?, 
and it is an unchangeable environment controlled 
by the system 

 
 
Instantiation: 
KA0 =  
LP0 = ? 

Optional changes available to the 

Learner: 
KA = LOs≡ 
LP = LPi≡ 

System: 
KA = LOs≡ 
LP = LPi ≡ 
 

Table 4: Structure of PLP?+KA0ELS’s conditions and processes 

 

Keys: 
 All accessible 
 Only those LOs which the learner has not passed 
 Changeable 
≡ Unchangeable 
 Passed 
? Is required 
 The system tries to learn 
X The system tries to learn from the state of X 



Chapter 4   

   
 83 

 

The categories above are presented in a summarised table as shown below: 

 Usual LMS Adaptable Adaptive Adaptive-Adaptable 

ELS Appendix 1-1: 

ELS 

Appendix 1-3: 

ALELS 

Appendix 1-4: 

AVELS 

Appendix 1-7: AVALELS 

PELS Appendix 1-2: 

PELS 

4.8.1: ALPELS Appendix 1-6: 

AVPELS 

Appendix 1-8: 

AVALPELS 

Table 5: List of varieties of ELS with their related section number for further description on 

their types. 

 

Online Content Management (OCM) functions as an online storage for presenting 

course materials. Its structure is a static type and if any changes would need to be 

made in relation to the method of presentation, they have to be done via a static type 

of interaction, either by the tutor or the instructional designer of the course. 

As explained above (section 4.7.1), any e-learning system would require a type of 

DMU. Each DMU in itself uses different states of system control (CLFF and/or 

CLFB), which will be described further in the following sections. Each section will 

include a detailed description differentiating the understanding of the usability of 

these types of controlling system, and whether their processes are related to the whole 

e-learning system (ELS) or just the decision maker unit (DMU) [Table 6]. 
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Type of ELS From the Learner’s Point 
of View 

Library of the Control Unit From the System’s Point 
of View 

Section 

ELS* CLFF The system does not use any kind of library in relation to its controlling 
unit. 

CLFF 0Appendix 1-1  

ALELS CLFF The system starts updating the library of instantiation process data 
through the interaction of the learner with the system. This process 
starts with a set of tests. 

CLFF Appendix 1-3 
 

AVELS CLFB Reads data from the library as instantiation values set by the AV 
process. The process which tries to learn from the learner’s behaviour 
on interaction with the environment. 

CLFF Appendix 1-4 

ALAVELS CLFF  CLFB Reads data from the library as instantiation values set by the AL 
process which in turn instantiates values for the AV process. 

CLFF  CLFF Appendix 1-7 

PELS CLFF Reads data from the library as instantiation values set by the system CLFF Appendix 1-2 

ALPELS CLFF  CLFF Reads data from the library set by outcome of the AL process CLFF  CLFF 4.8.1  

AVPELS CLFB  CLFF Reads data from the library set by outcome of the AV process CLFB  CLFF Appendix 1-6 

ALAVPELS CLFF  CLFB  CLFF Reads data from the library set by outcome of the AV process, which in 
turn was set by AL process 

CLFF  CLFB  CLFF Appendix 1-8 

* ELS only as an LCMS (E-Learning System only as an Learning Content Management System) 

Table 6: Types of ELS with relevant states of controlling system 
 

The details above are included in the following section. 
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4.8.1 ALPELS (Adaptable Personalised E-Learning System) 

In this category, learning objects (LOs) are chosen by the DMU on the basis of 

identifying the learner‟s learning preferences (LP) or knowledge assessment (KA) 

outcome and then creating LOs based on LP-KA related content material (Figure 18). 

There are four different types of ALPELS depending on the type of instantiated value. 

The process of instantiation is configured by either the system or the learner‟s 

outcome of a test, which leads to four different types of ALPELS. However, the key 

factor here is that both AL (adaptability) and P (personalisation) cannot share the 

same LP-KA types. The reason for this is that ALPELS in the same category is not 

possible, because adaptability is about possible continuous changes and 

personalisation is about the user not being able to make any change to any key 

elements of the user profile stored in the system. However, they could be part of one 

system but not share the same element (KA-knowledge assessment and LP-Learning 

preference), such as having control over the same KA, LP or both. Thus: 

ALPELS = ELS + LP
S
-KA

S
-CO + (KA0/? +LP?/0) 

ALPELS = ELS + LPVARK
Static

-KA
Static

-CO + (KA0/? +LP?/0) where both LP and KA do not 

share the same types 

Different possible types of AL(LP0 / LP?, KA0 / KA?) P(LP0 / LP?, KA0 / KA?) 

[Both AL and P can’t share the same (LP0 / LP?, KA0 / KA?)] 

1. AL-LP0+KA0 PLP?+KA?, 

2. AL-LP0+KA? PLP?+KA0, 

3. AL-LP?+KA0 PLP0+KA?, 

4. AL-LP?+KA? PLP0+KA0, 
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LPVARK
Static

-KA
Static

-CO + (KA0/? +LP?/0) where both LP and KA do not share the 

same type: a static type of learning preference-based and knowledge assessment-

based content objects, where LP is based on VARK. LP and KA are/or determined 

statically via a questionnaire or instantiated by the system (read from the library). 

Once it is determined, it will not be changed by the system. 

 

Figure 18: Schematic of ALPELS 

 

Type of technique used in the control unit (DMU) for the ALPELS: 

This is a three-section mechanism (Table 7): 

i. A learner takes an LP and/or KA test(s). The system updates the learner‟s 

learning profile with this information. 

ii. The control unit would then make its decisions on the basis of the learner‟s LP-

KA values stored in the library, and creates a new list of Learning Objects. This 

list will be presented to the learner at the time of his request. At this stage the 

control unit is in the state of CLFF. 

iii. Now the controlling mechanism of the system would be in the state of CLFF. 

The system has already made a distinction between the available types of 

learning objects and is ready to be presented to the learner. At this stage, it is the 

will of the learner to navigate through the existing accessible and relevant 

learning objects. 

 

COs LOs 

DMU 

ALPELS = ELS + LPVARK
Static

-KA
Static

-CO + (KA0/? +LP?/0) 

User „s 

Feedback 
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Subjects and their status Status of the controlling unit of the DMU and what learner’s options would 
be through the GUI presented by the system 

Subject State of the 
subject 

The DMU 
through the 
System 

is in the state of CLFF  CLFB  CLFF 

Does Updating LH-DB  Preparing a list of LOs 
based on LP-KA’s 
outcome from the 
library 

 The system will 
keep track of the 
learner’s activities 
and check if there 
is another update 
on his knowledge 
assessment 

State of interaction between the 
Learner and the system 

     

Learner 
interacting 
through GUI 
decided by 
DMU 

is in the state of Giving tests 
depending on 

the sub-type of 
the system (0/?) 

 Receiving a new list of 
LOs decided by DMU 

 Navigating through 
LOs and having 
access to change 
instantiated values 

Does Doing either LP 
and/or KA 

test(s) 

 Viewing the list of LOs 
developed based on his 
LP-KA outcome or set 
(instantiated) by the 
system 

 Selecting and 
going through 
individual LOs. The 
option of changing 
instantiated values 
are also available 

Table 7: Stages of techniques and interaction between Control Unit (DMU) and a Learner for the 

ALPELS. 

 

4.9 A Framework for designing assessment questions 

Throughout this research it has been mentioned that a learner interacts with the system 

and then the decision maker unit makes its decision based on the feedback received 

from the learner, while navigating through the content material. Since the bases of this 

research is to investigate the learner‟s learning performance in different learning 

environments, the measurement of this performance will be done via sets of 

assessments (section 2.4). On that basis, different methods are used to measure 

different types of knowledge gained by a typical learner. The Recalling (R) type of 
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assessment questions is used for measuring the basic knowledge; the Competency (C) 

type is to measure the procedural type of knowledge; and the Understanding (U) type 

of assessment questions are utilised to give a framework for designing assessment 

questions to measure learners‟ conceptual knowledge (Shute, Valerie and Towle, 

2003).  

4.10 Concluding Remarks 

In this chapter, different key elements involved in the process of making a decision in 

designing an e-learning system were studied, factors such as the role of the decision 

maker unit, feedback-based control systems and learning about the categorisation of 

different types of e-learning system were part of the main topics. The system that was 

decided upon was selected in a way that should provide the capability of measuring 

learners‟ learning performance so that they can have the measure of control over their 

learning environment. This procedure applies in a form which the system learns from 

the students‟ choices, so the measure of learner control becomes embedded in the 

automated selection of contents. 

The current system model would be used to gather learners‟ interactions with different 

online learning environments based on their learning preferences and to find any 

relationship between the two (i.e. the types of e-learning systems used and their 

learning preferences, as mentioned above) and their learning performance in order to 

investigate the hypothesis discussed in section 2.8. 

In the following chapter the third phase of the system will be discussed which is the 

development stage of this study. As far as this study is concerned, the framework of 

the design and development of the e-learning system would be Adaptable 

Personalised E-Learning System (ALPELS).  
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Chapter 5 Experimental Design for ALPELS (Design, 
Development and Implementation of ALPELS) 

 

5.1 Overview 

This chapter discusses the combination of arguments on i) e-learning systems, ii) learning 

objects, and iii) their related designs. Section 2.8 designs a framework to look for answers 

on the possible relationship between a) learner‟s learning style, and b) different types of 

e-learning systems; therefore, the learning environment under design must possess such 

data-collection mechanisms which would allow investigation of the measure of control 

given to the learner in terms of his/her learning progress. 

Hence, the design phase for the adaptable personalised e-learning system under study 

includes navigation of the system, steps towards the design and development of digital 

assets and how to relate them to the use of meta data in the form of a content object which 

is used by a learning object, and an ARK-based switchboard which simplifies the process 

of development of many different types of learning objects which are required for this 

study. 

 

5.2 Introduction 

In this chapter the process of design, development and implementation of ALPELS is 

discussed. It includes a thorough investigation of the challenges involved in the design and 

development of the system. 
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Detailed stages of the design have been provided in the appendices. The documentation for 

the development stage of the system is presented in the production log of the thesis. The 

aforementioned production log includes design, codes and screen captures of all major 

units involved in the project. However, no coding of individual digital assets has been 

added to the appendices (such as contents of each digital asset for any topic of the module) 

as those have been developed by code generator application software. Those applications 

are: Microsoft PowerPoint for the preparation of a series of slides, an audio recorder of the 

MS PowerPoint application and Macromedia Breeze to convert existing presentations into 

a Flash type of file. These types of files would ease the process of integration and 

management of Flash files into web applications. 

5.3 Major aspects of the design phase of ALPELS 

During the design phase it was known that there are a variety of different key factors that 

play a major role in producing a suitable application framework to support ALPELS. The 

first step would be drawing out sets of criteria to define the framework of this stage. 

 

Criteria for designing the system 

The following is a list of criteria for designing and developing the above-mentioned 

system: 

- System navigation: to direct users of the system to different sections so they can 

pursue their needs. 

- Metadata: of digital assets, contents materials, learning objects, subjects and topics 

for the. These data would be stored on a database. 

- User interfaces: to give users of the system enough information and accessible 

facilities for informative-based navigation through different sections of the system. 
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System navigation - 1 

This section will present a high-level view of the user interaction with the system (Figure 

19). Since the core section of the system is the decision maker unit and it is designed based 

on the schematic discussed (and agreed upon) in Figure 18, its process of registration and 

letting the system learn about his/her level of knowledge and learning styles is illustrated 

in it. Types of authorised users of the system are: 

- Administrators: who will manage and administer the whole system and user 

accounts. 

- Instructional Designers: who have access to online content material. In this version 

of the system the user with an “Administrator” account will have the same 

authority. 

- Tutors: those users of the system who have access to learners‟ activities and reports 

of their interaction with the system. 

- Learners: those users of the system who have access to learning materials. 
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Figure 19: High-level view of the system 

AAPELS 

Front page 
Login Authorisation 

Tutor Learner 

If records for LP exist then 

 Continue with LOs 

Else 

 Start finding LP 

End If 

Admin 

VARKtest 

VARKtestResult 

Learning Preferences 

Database (LPDB) 

User access 

Database 

Course Materials 

- List of Course Objectives 

- List of LOs 

- List of LOs Individual      

Objectives 

- List of LOs‟ COs 

LO Presentation 

Feedback 

LO Creator 

DMU 

Learner‟s 

Feedback DB 

DB 

Sub-figure from 

Figure 18 
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In this figure, authorised users‟ access is evaluated through the database “User access 

database” which will have to be divided into three groups as was mentioned earlier. 

Between those groups of users, learners have to take an assessment based on VARK so 

their learning preferences can be determined for the system and the outcome is stored in 

the “Learning Preferences Database (LPDB)”. After the authorisation, all users, mainly the 

learners, will have access to the learning object presentation unit (LO Presentation) to 

view and interact with learning objects. Details of the unit named “Sub figure from Figure 

18” have already been discussed in section 4.8.1, which is the decision maker unit selects 

the relevant content material and presents them to the learner, then the feedback received 

from the learner‟s interaction is stored in the “Learner‟s Feedback DB” and is then 

reprocessed, which leads to the new selection of content material based on the type of 

decision maker unit and the learner‟s interaction. 

In the sub-figure of Figure 19 the content material unit includes a list of learning objects 

(LOs) which provides the list to the decision maker unit to allow the next content material 

to be selected (Figure 20) and then presented to the learner. 
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Figure 20: High-level view of the system from the Learning Objects’ point of view 

 

 

Feedback 

 

Keeping records of: 

Learner‟s activities such as:  

 - Record of LOs accessed 

- Time LO is accessed 

- Duration of working with 

individual LOs 

 

Learner‟s 

Feedback DB 

LO creator 

 

LP = VK 
ListOfLOs=CO1+CO2+CO3+… 

 

As a result of the above formulisation, the 

format of new LOs would be as follows: 

ListOfLOs = CO1(VA) + CO2(VA) + … 
Learning 

Objectives DB 

Check on the sequence of presented LOs 

[Part of DMU] 

 

Checks whether LOs have been 

presented orderly or not, based on the 

instantiated values decided by the DMU. 

Sequence: LO1  LO2  …  LOn 
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Registration - 1 

 

In this phase, students who have registered for the MSc Induction course 

(COSK1003), and are ready to continue their course, would receive login details to 

the site via email. 

 

 
Figure 21: Steps involved in checking the user’s authentication 

 

Enter the website 

with pre-registered 

login details, sent 

by Email 

 

UN: 

PW: 

Filling in the application form: 

- Full Details (Full Name, Address, 

DOB, Educational Background, Level of 

Experience with Computer) 

- Username (Firstname+Lastname by 

default) eg: Alan_Mustafa 

- Password (Not less than 6 characters) 

Start 

Registration 

Confirmed 

Login Authenticate 

Authorised 

Non-

Authorised 

- Retry 

- Request Registering 

- Further Advice 
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Registration cont. -2 

 

In this phase, students who are fully registered in the AAPELS web application would 

be asked to create a profile with two sections Learner‟s Learning Preferences profile 

and Prior Knowledge profile. 

 

 
Figure 22: High-level design of the system for updating the learner’s profile  

 

Login Authenticate 
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Registration cont. -3 

 

In this phase, the system would categorise students into two main groups without the 

learner‟s knowledge. 

1- ELS users (E-Learning System) 

2- PELS users (Personalised E-Learning System) 

 
Figure 23: Continuation of Figure 22. 

Random categoriser 
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Figure 24: Continuation of Figure 23. 
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System navigation - 2 

After the completion of the registration of a learner, s/he will be given access to all 

available course materials. 

 

High level view of user interactivity with an ELS 

 

Figure 25: Learner navigation map through the ELS.
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High-level view of user interactivity with a personalised ELS 

 

Figure 26: Navigation map for the learner within PELS. 
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Design and prototype for the procedural method of creating digital assets, contents 

provider systems and activity tracker systems. 

 

This section presents and discusses designs and prototypes used for the designing of the 

ALPELS, which will discuss templates for designing a digital asset presenter (the first draft 

of the design), a proposal on methods of creating digital assets, a system of content 

material provider, a prototype for designing the database and the blueprint of an activity 

tracker system. 

 

Creating a template for developing DAs 

To draw a draft user interface for the system, a template was developed to show what 

could be presented via a slide. Details of the first attempt are included in Appendix 2. 

These templates present four types of VARK-based user interaction with content objects; 

they are VA, VR, AR and VAR. 

This process has set a framework of how content material (CO – as a collection of digital 

assets) should be presented to learners. This was the first attempt at the design and 

development of learning materials. 

 

Types and methods of creating DAs 

As mentioned earlier in Appendix 2, with full step-by-step descriptions of the analysis of 

individual VARK-based digital assets, the individual development process and how to 

develop them individually with the existing available technology is included. 

Different methods exist for the purpose of developing VARK-based digital assets. A 

sample method has been proposed for the development of each type of VARK and this is 

presented in Appendix 3. 
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System of Contents Provider 

To relate the discussion between the process of developing digital assets and learning 

preference-based content material (the relation between the development of DA and 

LP-based COs) to the creation of an organisational structure for learning objects, drafts 

have been designed. Discussion on these blueprints for designing a structure for the 

metadata is included in Appendix 4. 

As this section is about designing the ALPELS, it is worth mentioning that to find a 

feasible method of design and development of different types of digital assets, an ARK-

based switchboard has been used which has been thoroughly discussed in Appendix 5 and 

Appendix 17.4. 

 

Content material presenter and activity tracking system 

To be able to track a learner‟s activity while navigating through course materials, a 

tracking system is being set up which records the learner‟s activities in the learning 

environment (LMS). The mechanism of this tracking system is different from other 

tracking systems which keep records of users‟ navigation through the e-learning system 

(web application). In the general tracking mechanism, the system uses operating system 

and browser details as part of the data store. However, in this new mechanism, the system 

will keep track of the learner‟s activities when s/he clicks on a link to open content 

material. In the future version of this system, this action would be performed through 

AJAX technology, so learners will not be distracted while a web page opens and closes 

through a small window in the web browser for the purpose of updating tracked records. A 

draft design of how content material is presented on the screen to the learner with the 

tracking link is included in Figure 27. 



Chapter 5   

   
 103 

 
 
Figure 27: Content material presenter and activity tracking system.
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resources, and the feedback section will 
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5.4 ARK-based Switchboard, what it is and how it 

works 

In this section a need for a switchboard is discussed which addresses the need for 

having a simplified version of mass production of digital assets and learning objects. 

Subsequently, to investigate the hypothesis in section 2.8, the relationship between 

learners‟ learning preferences and their performance in both types of learning 

environment under study (a learning environment created with the use of adaptable 

and personalised e-learning systems) will be discussed. 

5.4.1 What is an ARK-based Switchboard and its relevancy to this 
research? 

As the development of content material is the main part of any project in terms of 

time and effort, it is mandatory to seek an approach which considers content 

development from this point of view. But the main question is how to relate VARK-

based types of variable with existing content development applications such as a 

presentation application (e.g. Microsoft PowerPoint – MS PowerPoint, 2002). 

It is known that there are a variety of applications that could be used for this purpose, 

utilising either professional or basic tools. Whichever tool is used, their last product 

would fall on one of the categories based on VARK variables. So, it is possible to 

categorise those products based on basic or complex VARK variables. On the other 

hand, when it comes to developing content material, the last product should include 

combinations of those basic variables in order to deliver enough information to fulfil 

the requirements of an information package. For example, a picture (as a digital asset) 

could deliver some data but not enough to fulfil the requirements of a fully deliverable 



Chapter 5   

   
 105 

information package which would be useful and can stand on its own without the need 

for any complex VARK from other data sources. This argument confirms that any 

“fully deliverable information package” should include a combination of those basic 

variables. This is to confirm a system known as an ARK-based switchboard. 

According to this switchboard, content developers will have a scale to refer to 

while developing content material. So, while a learner completes the VARK-based 

tests at the beginning of the process of determining his/her knowledge and learning 

styles, an adaptable personalised e-learning system would convert the outcome to a 

suitable form with the use of an ARK-based switchboard. From now on, the system 

and content developer would work on the basis of an ARK type of content material. 

How an ARK-based switchboard works: as mentioned before, any content material 

would include combinations of the principal VARK-type variables (V, A, R, K, VA, 

…, VARK). Besides, hypothesis one in section 1.3 requires an investigation for 

evidence on any relationship between types of e-learning systems and learners‟ 

learning styles. As proven in Appendix 17, to prevent the design and development of 

180 different types of digital asset for each content material, a new method is used 

which would justify the differences in terms of using existing technological methods 

but with the same learning philosophies. As such, there is a need to understand the 

different types of digital asset and how they could be developed (Table 8 below). 

 

NO VARK 

types 

of DA 

Full 

definition 

How it would be used How it would be 

developed (applications 

are used as an example) 

1 None None No form of any DA would be 

used 

Nothing to produce 

2 V Visual Just in the form of visual 

output (such as a photo, graph, 

animation, …) 

By using a photo editor 

application, video 

production tool, Flash, … 

3 A Audio Just in the form of audio 

output 

By using an audio 

production tool, 
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microphone to record 

voices, a library of sound 

effects, … 

4 R Read / 

Write 

Just in the form of Read or 

Write 

By using a text editor 

application such as MS 

Word, most of the other 

applications have this 

capability and it mostly 

depends on what other 

applications have been 

used  

5 K Kinaesthetic 

Tactile 

In the form of text entry in a 

form by using keyboard, 

moving objects in an 

animation developed by flash, 

…, as this is mostly what 

would be used with other types 

of categories (VARK) 

This type of VARK 

would mostly be 

developed in relation to 

other types of VARK, as 

its main need within the 

category of HCI would 

be to interact with 

computers. Mostly Flash 

would be a good example 

of developing a 

kineasthetic type of  

Content Object 

6 VA Visual - 

Audio 

A visible person speaks about 

a picture, a video, an animation 

with moving objects around. 

The main concern here is that a 

voice must be included with a 

visual asset; the sound could 

be someone‟s voice, or sound 

effects 

Flash would be a good 

example on the list of 

developmental 

applications 

7 VR Visual – 

Read / 

Write 

In the form of a picture with a 

label or an explanation about 

the photo, or in the form of an 

animation with a label 

(caption) or movable text (e.g. 

by moving text above an icon 

and prompting using some 

text). Also, for Visual Write 

section it could be used to 

enter records or as an 

explanation of the system (this 

method is also partly 

kinaesthetic) 

Flash is a simple 

application to develop 

such a combination. 

However, as described 

earlier, the best method is 

to generate such CO 

dynamically. 

8 VK Visual - 

Kinaesthetic 

An interactive animation is an 

example of such a Content 

Object 

Flash could be used to 

develop such CO 

9 AR Audio – 

Read / 

AR: A block of text with a 

reader who explains the 

Either a text converter on 

the user‟s machine or 
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Write contents of the text, including 

some additional explanations 

AW: Although it is technically 

possible, it is a bit difficult to 

generalise it for all users, as it 

needs a specific configuration 

on the user‟s computer to be 

able to convert the user‟s voice 

to text, in the form of 

commands or normal text 

pre-recorded contents 

would be used to develop 

this type of CO 

10 AK Audio - 

Kinaesthetic 

This combination could be 

used to develop CO for blind 

users, as the user could use 

either a keyboard, a special 

mouse or any other entry 

device to interact with the 

system 

The system should be 

able to accept entries 

from the user in the form 

of hardware mechanical 

devices 

11 RK Read /Write 

- 

Kinaesthetic 

RK: this could be done by 

presenting text in the form of 

lots of navigation, or moving 

text-based presented objects 

 

WK: Automatically typing text 

in a text-box on a form would 

fall into this category 

Flash would be a good 

example on the list of 

developmental 

applications 

12 VAR Visual – 

Audio – 

Read/Write 

VAR: when a picture or 

animation is presented it is 

necessary to have some text 

beside the contents including 

visual and audio effects 

 

VAW: this process could fall 

into the category of receiving 

feedback from the user of the 

system, although this category 

would automatically include 

kinaesthetic to some degree 

too 

Flash would be a good 

example on the list of 

developmental 

applications 

13 VAK Visual – 

Audio - 

Kinaesthetic 

Again presenting digital assets 

in the form of moving objects, 

graphics would be most 

suitable for this category 

without the need for text 

(however, it is better to have at 

least a label to present these 

contents) 

Flash would be a good 

example on the list of 

developmental 

applications 

14 VRK Visual – 

Read / 

Write - 

VRK: in this category, there is 

no need to have audio within 

CO, as the user is probably 

Flash would be a good 

example on the list of 

developmental 
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Kinaesthetic more comfortable with a quiet 

environment 

 

VWK: this method could be 

used to have users‟ feedback 

without the need for audio 

entries 

applications 

15 VAR Visual – 

Audio – 

Read / 

Write 

VAR: the user likes to have a 

graph or animation with some 

voices (a presenter voice 

and/or audio effects) and some 

text but without much 

interaction with its contents in 

the form of moving objects. 

However it could be counted in 

the form of a stabilised 

presentation without much 

physical activity 

 

VAW: this form of CO could 

be used for receiving the user‟s 

feedback in the form of writing 

and no more physical 

interactivity. The writing 

section could be used to give 

command to the system for 

continuation or selection of a 

part of activities 

Flash would be a good 

example on the list of 

developmental 

application 

16 VARK Visual – 

Audio – 

Read / 

Write - 

Kinaesthetic 

This CO could be used for 

multi-modal people with a 

variety of input/output 

capabilities. 

VARK: to receive information 

from the system by giving 

command to the system 

VAWK: by giving feedback to 

the system for his specific 

needs and knowledge 

navigation 

Flash would be a good 

example on the list of 

developmental 

application 

Table 8: Types and methods of creating Digital Assets 

 

(i) Structure for converting ARK-based DAs from VARK-based DAs 

 

At the stage of (i) understanding the differences between different types of digital 

assets (Appendix 17), (ii) how they could be developed, and (iii) to find proof of 

relevancy between the different types of learning systems with the learner‟s learning 
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styles (section 2.8), the following analysis aims to look at the similarities and 

differences between the different types of digital assets and from both user-to-

computer and computer-to-user perspectives (Figure 28). 

 

 &  

Figure 28: An illustration of two different perspectives of human-computer interaction. 

 

As mentioned in Appendix 17 section 5.3, the kinaesthetic type of interaction has a 

unique definition for its use. “K” or kinaesthetic means the computer should have a 

physical interaction with the user. This could be in the form of a treadmill: 

which is controlled by a computer, and which controls its user‟s 

movement, or the interaction of sound (made by a computer) with eardrums to 

transfer information to its receiver via a series of instructions or descriptions. In this 

project, only a voice (sound created by a computer) is used and not other machines 

like treadmills for transferring information to learners from the computer. So, “K” 

could be converted to the only available type of digital asset (from PC  Learner) of 

type “A” (Audio). 

 

On the other hand from a User  Computer perspective, “A” (Audio) means 

changing the relationship between objects (as it is a physical interaction) ≡ Moving 

objects which means converting audio to video (A  V in User  PC). 

 

PC PC 
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Thus: 

From PC  Learner perspective: VK  VA (learner receives from computer) 

From Learner  PC perspective: VK  moving objects at the time of giving 

feedback (computer receives from learner). 

To find the full list of conversions between digital assets, from the perspectives of 

learner to computer and vice versa, the following analysis is provided and all details 

and outcomes are gathered in Table 9 (below). However, to simplify this process the 

following explanation of the details of conversion would help us to gain an 

understanding of the process and the key elements in designing the table and they are 

listed below. 

Keys: 

ETB: Enterable Text Box 

MO: Movable Objects (pictures or text boxes) 

 

An ETB is used when a learner wants to send information to the computer, so a text 

box would be used for this purpose. MO on the other hand is used to give commands 

or send feedback to the computer via moving objects on the screen; it is known that in 

the Movable Objects method, the relationship between objects changes. 

In Writing, “W” (writing to the computer would be translated into an ETB –editable 

text box), the relationship between the objects (the typed characters) is constant but 

the number of objects changes. 

 

That‟s why, for example, A V (MO) or audio type of digital assets could be 

replaced by a visual but in the form of a moving object while giving feedback to the 
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computer. This is because the learner can‟t talk to the computer while giving feedback 

and this decision was made based on the resources available to the learner. 

Another important explanation regarding the use of K  (V/W) (either MO/ETB) 

would be the kinaesthetic type of digital asset (which is only in the form of interaction 

with two other digital assets) converted to a visual or writing type of digital asset 

while giving feedback to the computer. This happens in the form of either moving 

objects (MO) or enterable text boxes (ETB). 

 

(ii) State of each digital asset: static or dynamic 

The state which digital assets are in plays a fundamental factor in the process of 

identifying requirements on the definition of conversion-process, and they are: (i) 

dynamic and (ii) static states. These states formulate the methodology with which 

each digital asset can be designed and developed, and as such its combination with 

other types of digital asset would create a type of content material that would suit the 

required contents for diversity of learning, practice and assessment contents (section 

4.5.1.1). For simplicity, the following abbreviations are used for these two states: 

D: Dynamic 

S: Static 

 

The following table (Table 9 below) presents a list of all 15 types of digital assets 

(principal and combined digital assets) to find the rules on conversion processes. For 

example, [V: S/D  S S+S  V+R] in Table 9 means that two possible forms of 

picture exist – either static or dynamic types of picture – and to give the right 

expression, a reading type of digital asset should be included. 
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 PC  User  User  PC 

1 V S/D  S S+S  

V+R 

 V ETB/MO 

[It depends on the type of 

application which presents the 

V. If it is a movable type of 

picture then MO, if it is a type 

of enterable text box or even a 

clickable check box or radio 

button then ETB. 

For the sake of simplicity and 

this project, ETB would be 

chosen whenever it is possible.] 

2 A D  A  A MO [ A  V, because the 

relationship changes] 

3 R S  S+S  R+V (≡ 

V+R) 

 W (R) ETB [even choosing a radio 

button] 

4 K D A  K MO / ETB 

5 VA S/D+D  [Sconverts 

to D so:]  D+D  

VA 

 VA MO 

[ETB/MO+MO  MO] 

6 VR S+S  V+R  VR ETB 

[ETB/MO+ETB  ETB] 

7 VK S/D+D  D+D  

V+K ≡ V+A ≡ VA 

 VK ETB 

[ETB/MO+ETB/MO  ETB] 

8 AR D+S  A+R  A+V 

  D+S/D  D+S  

VA 

 AR ETB* 

[MO+ETB  ETB] 

9 AK D+D  A+A ≡ A  AK MO 

[MO+MO/ETB  MO] 

10 RK S+D  R+K ≡ R+A ≡ 

RA ≡ AR  VA 

 RK ETB 

[ETB+ETB/MO  ETB] 

11 VAR S/D+D+S  V+A+R ≡ 

V+A ≡ VA 

 VAR ETB* 

[ETB/MO+MO+ETB ETB] 

12 VAK S/D+D+D  VA+K ≡ 

VA+A ≡ VA 

 VAK MO 

[ETB/MO+MO+ETB/MO  

MO] 

13 VRK S/D+S+D  VR + K ≡ 

V + A ≡ VA 

 VRK ETB 

[ETB/MO+ETB+ETB/MO  

ETB] 

14 ARK D+S+D  D+S  

AR+A ≡ AR ≡ VA 

 ARK ETB* 

[MO+ETB+ETB/MO  ETB] 

15 VARK S/D+D+S+D  

S/D+D+S  

V+A+R+A ≡ VAR  

VA 

 VARK ETB* 

[ETB/MO+MO+ETB+ETB/MO 

 ETB] 

Table 9: DAC: Digital Asset Conversion  

* From the learner-to-computer perspective, the action towards doing ETB has the 

priority over the necessary action towards MO, because a user needs to click on an 
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object before dragging it. So when it comes to choosing between MO or ETB, the 

option would be ETB. The same goes for the MO+ETB case because, principally, 

MO could be counted as ETB and then a dragging process, so: 

MO + ETB ≡ (MO/ETB) + ETB ≡ (ETB) + ETB ≡ ETB. 

 

The simplified version of Table 9 is as below (Table 10), which is another step closer 

to finding the most suitable and efficient way of converting digital assets into other 

formats. It will be known as an ARK-based switchboard from now on. The ARK-

based switchboard is used to convert the concept of design and development of digital 

assets into a suitable format which would be used by AAPELS and would be easy to 

work with for its users. 

 PC  User  User  PC 

1 V V+R as long as it is 

static 

 V ETB/MO 

2 A A (plus R as link and V)  A MO 

3 R R+V (≡ V+R)  W (R) ETB 

4 K A  K MO / ETB 

5 VA VA (video + audio 

commentary) 

 VA MO 

6 VR Text with picture (R + 

Static V) 

 VR ETB 

7 VK V+K ≡ V+A ≡ VA, 

Physical interaction 

 VK ETB 

8 AR D+S  A+R  A+V 

  D+S/D  D+D  

VA (static text with 

short sentences and 

pictures + audio 

commentary) 

 AR ETB 

9 AK A+A ≡ A (Link as text 

R) 

 AK MO 

10 RK R+K ≡ R+A ≡ RA ≡ 

AR 

R+K ≡ R+A ≡ RA ≡ 

AR  VA (but with 

static short sentences) 

 RK ETB 

11 VAR V+A+R ≡ V+A ≡ VA, 

Static short sentences of 

 VAR ETB 
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text would act as 

pictures, text with 

pictures + audio 

commentary 

12 VAK VA+K ≡ VA+A ≡ VA 

(dynamic pictures/video 

+ audio commentary) 

 VAK MO 

13 VRK VR + K ≡ V + A ≡ VA, 

Static short sentences of 

R would act as V + 

audio commentary 

 VRK ETB 

14 ARK AR+A ≡ AR ≡ VA 

(static short sentences 

with audio 

commentary) 

 ARK ETB 

15 VARK V+A+R+A ≡ VAR  

VA (static short 

sentences + studio 

commentary) 

 VARK ETB 

Table 10: Table DAC2: Simplifying the conversion process of digital assets into a principal 

format of ARK-based switchboard. 

 

As “K” means: 

- Changes in relationship (such as MO – Moving Object) 

- Changes in the number of objects (Writing ≡ adding characters) but not in 

their relationship 

 

This means the second and the third group could fall into two main factors – input and 

output tools in the interaction between human and computer – and either from the 

computer perspective or otherwise. 

 

As discussed in Appendix 17 section 4.1 which is on types of content material 

(learning content – LC, practice content – PC and assessment content – AC), the 

compatibility of those types of content material can be analysed further as shown in 

the following section. 
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(iii) Combinations of digital assets 

Let‟s continue on the basis of the above categorisation and look at them from the 

learner‟s perspective. The possible outcomes for each are as follows: 

a) Compatible format of Learning Contents – Input – would be: V, A, R (not W), VA, 

VR (not VW), AR (not AW), VAR (not VAW) 

b) Compatible format of Practice and Assess – Input – would be: V, A, R (not W), 

VA, VR (not VW), AR (not AW), VAR (not VAW) 

c) Compatible formats of Practice and Assess – Output – would be: K, WK (not RK) 

 

In other words, Learning Content (LC) related contexts cannot be one of the principal 

types of digital asset (only V-video, A-audio, R-reading and K-kinaesthetic) and 

should have descriptions (for example, learning content with just animation, or a 

video streaming without a label or audio commentary wouldn‟t be called learning 

content). So this clarifies the main need to have a combination of DAs (Digital 

Assets). 

 

LC: VA, VR, AR, VAR 

The options available to develop learning content would be in the form of a series of 

combinations of VA (video and narrated audio effects), VR (video with reading 

materials), AR (audio and reading materials) and VAR (video which includes narrated 

audio effects and reading materials). All the above content must include either static 

or dynamic types of content. The same goes for PC (Practice Content) and AC 

(Assessment Content) as follows: 
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Available options to give inputs to the user from the computer: 

PC – input: VA, VR, AR, VAR 

AC – input: VA, VR, AR, VAR 

 

Available options to pass outputs from the user to the computer: 

PC – output: WK 

AC – output: WK 

 

Other types – such as visual, auditory and kinaesthetic types of digital interaction – 

would not be feasible and some are only available in the form of research. An 

example of this would be a process that enables a learner to transfer visual effects into 

the machine so that it can read the message. 

The above analysis has identified methods for creating learning content using 

available combinations (and that goes for Practice and Assessment content, too). This 

means that when digital assets are created, they should be linked with their related 

format for the production phase of content development. Full descriptions of these 

relationships are in Table 11, but a few examples on the relationship between 

individual DAs are as follows: 

Input from computer to user: 

i) V => A, R, AR 

ii) A => R, V, VR 

iii) R => V, A, VA 

i) This means that if any V is created, the available options to link other digital assets 

should be in the form of either A, R or AR; the same goes for (ii) A and (iii) R as 

above. For giving feedback to the computer, the available options would be: 
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Output from user to computer: 

W => K 

K => W 

The following table (Table 11) gives all available options while designing and 

developing combined forms of principal digital asset. 

V => A: Any picture or animation must include an audio DA (Digital Asset) 

V => R: Any picture or animation must include a piece of text (DA) such as a 

caption 

V => AR: Any picture or animation must include a piece of text (DA) such as a 

caption and audio (e.g. audio effect, presenter, story teller, …) 

A => R: Any audio DA must include a piece of text, such as a label or caption 

A => V: Any audio DA must include a picture or animation 

A =>VR: Any audio DA must include a visual and textual DA 

R => V: Any piece of text must include a visual DA 

R => A: Any piece of text must include an audio DA 

R => VA: Any piece of text must include a visual and audio DA 

W => K: Any piece of text must be accepted kinaesthetically, and it is mostly via 

keyboard 

K => W: Any kinaesthetic activity must be accepted via keyboard in the form of 

a text entry 

K: Any individual kinaesthetic type of activity must be via a mouse and 

must be used on moving visual objects on the screen. However, this 

format must be supported by a visual or textual type of DA. * 

* This topic has been fully investigated in section 17.5.3 of Appendix 17. 

 
Table 11: This table presents the type of digital asset each one should be linked to and the reason 

behind it. 

 

Regarding the individually-made K type of DA, as mentioned earlier, it must relate to 

other DAs. However, there is a need that arises at the time of the developing phase, 

which means that while a DA of type K is under development, the other types of DA 

that would be involved for the next step of development should be mentioned. This 

process happens in the content object (CO) phase.  

 

There is a set of rules on converting all types of VARK-based digital asset into an 

ARK-based form of digital asset in Table 12 (below). 
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Conversion switchboard of VARK-based digital assets into ARK-based types 

of digital assets 

VARK-based Analysis ARK-based Switchboard 

VARK category Pc  User User  PC Notes A RT RS K ARK category 

V RSP ETB  0 0 1 1 KRS 

A ARDP MO  1 0 0 1 AKRD 

R RSP ETB  0 0 1 1 KRS 

K ARSP ETB  1 0 1 1 AKRS 

VA ARDP MO  1 0 0 1 AKRD 

VR RSP ETB  0 0 1 1 KRS 

VK ARDP ETB  1 0 0 1 AKRD 

AR ARST ETB  1 1 1 1 AKRS 

AK ARSP MO/ETB * 1 0 0 1 AKRD 

RK ARST ETB  1 1 1 1 AKRS 

VAR ARDT ETB  1 1 0 1 AKRD 

VAK ARDP MO  1 0 0 1 AKRD 

VRK ARDP ETB  1 0 0 1 AKRD 

ARK ARST ETB  1 1 1 1 AKRS 

VARK ARDT ETB  1 1 0 1 AKRD 

         

Keys: 

* A  K+V(R) 

A: Audio included 

K on VARK-based Analysis system: Kinaesthetic/Tactile based Digital Asset 

K on ARK-based switchboard: Interaction included 

RS: Static type of contents materials 

RD: Dynamic type of content materials 

ETB: Enterable Text Box 

MO: Moveable Object 

P as subscript: Pictures 

T as subscript: Text 

 
Table 12: ARK-based switchboard 

 
 

Note: Because in principle both “text” and “picture” are the same, as they are 

“shapes”, in this process both are counted the same. Thus: RP = RT or RP = RT [the 

Reading material of type Picture is the same as the Reading material of type Text]. 

Note: As is shown, all types of content material are included with interaction (K – 

Kinaesthetic type), because of the use of a specific type of Flash producer 

(Macromedia Breeze). The outcome of this application is a type of content material, 

and buttons are used for its navigation through materials in the form of a series of 

slides. This means that for the minimum amount of interaction the action of clicking 
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on a button will be used for its interactivity. In this respect the outcome of the 

switchboard is in the form of three different types of content material: 

KRS (Kinaesthetic and static type of reading materials), AKRS (Kinaesthetic and 

static type of reading materials with audio included), AKRD (Kinaesthetic and 

dynamic type of reading materials with audio included). 

Now if the element of kinaesthetic be converted into the form of activity or 

interaction, there are 6 different types of content material from (i) KRS, (ii) AKRS 

and (iii) AKRD as discussed in the previous paragraph, thus: 

RSP, ARDP, ARSP, RST, ARDT, ARST and they are: 

i. RSP: Static form of reading materials in the form of pictures 

ii. ARDP: Dynamic form of reading materials in the form of pictures with audio 

included 

iii. ARSP: Static form of reading materials in the form of pictures with audio 

incuded 

iv. RST: Static form of reading materials in the form of text 

v. ARDT: Dynamic form of reading materials in the form of text with audio 

included 

vi. ARST: Static form of reading materials in the form of text with audio included 

In addition to the above categorisation, there are a few similarities between the 

properties of those types of content: 

- Static reading materials in the form of pictures is the same as reading materials 

in the form of text: RSP ≡  RST. The reason is (as proven in Appendix 17 

section 5.2) that a character is, in principle, a type of picture. 

- Dynamic reading materials in the form of pictures with audio are the same as 

dynamic reading materials in the form of text with audio: ARDP ≡  ARDT. 
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- Static reading materials in the form of pictures with audio are the same as 

static reading materials in the form of text with audio: ARSP ≡ ARST. 

The above comparison results in three different types of content material, which could 

be named as principal formats of digital assets on the basis of an ARK-based 

switchboard: 

RS, ARD, ARS 

As these acronyms stand for: 

RS: Reading materials with a static type of content 

ARD: Reading materials with dynamic content and audio included 

ARS: Reading materials with static content and audio included 

Conclusion of this section 

The above sections show that it is more feasible to design and develop three major 

types of content material (RS, ARD and ARS), with or without interaction between 

their contents, than design and develop 15 different types of content materials for each 

section of learning content (LC – with one section of scenario), practice content (PC – 

with three categories of context in the form of: (i) scenario, (ii) questions, and (iii) 

explanation) and assessment content (AC – with two types of context: (i) scenario, 

and (ii) questions). The ARK-based switchboard has provided a framework for the 

best possible and most feasible method of designing and developing content which 

would support the type of data to be gathered for finding any relationship between 

learners‟ learning preferences and types of e-learning systems (adaptable and 

personalised e-learning systems). In addition to this conclusion, this switchboard in 

turn brings the measure of learner control into the system and gives a well defined 

control over the learning environment to either the learner or the system to determine 

the content produced for the learning environment. 
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5.4.2 Learning objects and ARK-based content material 

In the previous section (5.4.1), it was argued that the framework for the design and 

development of any content material based on ARK switchboard would have the same 

concept of delivery of knowledge as a VARK-based type of content. As such, any 

individual form of designed and developed content object (CO) with a specific 

objective towards fulfilling a part of a module would be presented in the form of a 

package known as a learning object (Appendix 17 – section 3.2), which is a collection 

of learning, practice and assessment materials.  

 

An overview of the structure of a navigational map for a module with the support of 

learning objects is given in Figure 29. It includes the relationship between the content 

material of type learning, practice and assessment categories of scenario, question and 

explanation form of contexts (detailed structures based on VARK- and ARK-based 

switchboards are in Figure 30 and Figure 31). 
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Figure 29: Detailed structure of a module (for example) navigation with the support of Learning 

Objects. 

 

Whilst there are many different structures that exist for the definition and relationship 

between programs, courses, lessons, class sessions etc, Figure 29 presents a high-level 

overview of a class session with relevant learning objects which are made up of a 

collection of learning objectives, learning materials, practice materials and assessment 

materials, and all four of these sections are bounded by metadata which makes it a 

suitable format for creating a learning object package to be compatible with other 

types of e-learning system. 

The sketches presented in Figure 30 and Figure 31 give navigational options to 

learners to access relevant course materials which have been decided by their learning 

preferences. The design would also give the instructional designer and system 

developer a set of frameworks to be able to design an online learning system, with the 

navigation through course materials grouped into a package known as Learning 
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Learning 
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Objects. Each learning object should be able to present eight different types of content 

material analysed and designed based on ARK categorisation. 

 
Figure 30: Figure LOLC: Learning Object and Content Material based on VARK 

 
Figure 31: Figure LO-ARK: Learning Object and Content Material based on ARK 

VA type VR type AR type VAR type 

Slide 1 Slide 2 Slide3 

LC 

LC 

Objectives LC 

LC 

LO 

Navigational approach 

CM 

CM 

RS type KRS type ARS type AKRS type 

Slide 1 Slide 2 Slide3 

LC PC 

LO 

RD type KRD type ARD type AKRS type 

AC 

Keys: 

LO: Learning Object 

CM: Content Material 

LC: Learning Content 

PC: Practice Content 

AC: Assessment Content 

 

RS: Reading Materials – static type 

RD: Reading Materials – dynamic type 

KRS: Interactive and static type of content materials 

KRD: Interactive and dynamic type of content materials 

ARS: Audio included reading materials – static materials 

ARD: Audio included reading materials – dynamic materials 

AKRS: Interactive and audio included content materials – static type 

AKRD: Interactive and audio included content materials – dynamic type 
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5.5 Designing assessment materials for measuring 

learners’ learning performance 

Following the discussion presented in sections 2.4 and 4.9, it seemed necessary to 

design a lower level of assessment questions based on the i)  basic, ii) procedural, and 

iii) conceptual types of knowledge a learner holds. These questions would be in the 

form of recalling, competency and understanding types of assessment questions. 

Furthermore, those questions are used in the form of whether practice or assessment 

content in a learning object (LO); besides each learning object (as discussed in 

sections 5.4.2 and Appendix 17) are a collection of i) Scenario, ii) Questions and iii) 

Explanation for practice contents and no explanation for assessment contents, since 

this is the assessment time and no explanation is given during such times. 

 
Figure 32: A detailed version of a semi-standard version of a learning object (LO) 

 

Learners‟ activities in answering those questions are tracked down via an optional 

questions type of assessment. This approach is selected because of the technology at 
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hand and the data gathered from those activities are directly stored in a database. 

Thus, the design of these questions is based on the following structure: 

i) A recalling (R) type of question should be designed in such a way that will lead to a 

question and four answers. One answer is correct and the learner‟s answer will be 

stored in the relevant database. 

ii) A competency (C) type of question is similar to the recalling type of question; 

however, there are a series of additional complementary documents added to each 

question. This is done so that learners have to work on those documents (whether they 

include an instruction to do a certain task or whether it has already been added in the 

question itself) and then they should choose one of the given answers. 

iii) The design of an understanding (U) type of question is slightly different, and it is 

enclosed in the conceptual type of knowledge so that the question is designed to 

evaluate the knowledge of its holder (the learner) on a topic of that type. To solve this 

issue, there will be four different possible answers designed and added to each 

optional answer, for each question. The learner should therefore have understood the 

question and then s/he is able to select the correct answer. 
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5.6 Implementation of adaptable and personalised 

ELS 

To seek proof of the hypothesis that this research is based upon (section 2.8), which is 

the study of the effectiveness of adaptable personalised e-learning systems on 

learners‟ learning performance, a unique system called ALPELS (adaptable 

personalised e-learning system) was designed and developed in such a way that 

learners‟ interaction with the system can be tracked and stored in a database. All 

documentation of collected data is included in appendices in the production log. It is 

the aim of this research to investigate the effects of the types of assessment questions 

(recall, competency and understanding) in different environments of e-learning 

systems (adaptable and personalised e-learning systems to be specific) and how they 

related to learners‟ learning performance. 

Learners would start by gaining access to the system via a self-registration process. 

After three short assessments of a) Learning Preference Determiner (VARK-based, 

includes 13 questions), b) General IT knowledge assessment (includes 10 questions) 

and c) Self assessment (included 6 questions), learners have access to the content 

material. It is necessary to mention that the outcome of “self assessment” questions 

was ignored because at this stage of the research it was considered irrelevant. 

ALPELS puts learners into one of two groups, at the time of registration (section 5.3). 

They are ALELS and PELS (adaptable and personalised e-learning systems). The 

ALELS is a group in which its learners are able to change their selected LP (learning 

preferences) in the system via a user interface during the course and PELS are those 

who are not able to do that. The second group is specifically categorised to study the 
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difference between decision makers: “learner-centric and machine-centric”. The 

ALELS group has a learner-based decision maker for choosing course materials and 

PELS has a machine-based principle. The basic idea behind ALPELS is shown in 

Figure 33: 

 
Figure 33: A high-level design view of an Adaptable Personalised E-Learning System (ALPELS) 

 

Following the initial tests of the system, the ALPELS was made available to the MSc 

students in their MSc Computing and Information Systems program. These students 

generally have little or no background in computing.  It is acknowledged that as a 

result of time pressure (as the MSc students were required to go through the learning 

material quickly), it was felt that training was unnecessary for the students and 

effectively they were asked to register and work through the materials on their own. 

As the system contained the necessary information for learners to start with in terms 

of navigating through the system, continuously receiving reports on their activities 

and having the option to get in touch with their tutor, learners would get the sense of 

being in a classroom with their tutor and so their learning outcomes in terms of using 

e-learning system would not be affected. 
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5.7 Conclusion 

The need for an ARK-based switchboard, as a facilitator in the process of digital 

assets designed based on VARK and how to be understood by an ARK-based 

adaptable and personalised e-learning system (AAPELS), was discussed as a 

mandatory step in the process of investigating the effectiveness of AAPELS on 

education. In terms of instructional methods, the design and development phases 

discussed in this chapter provide an environment where learners‟ activities can be 

tracked while interacting with a learning environment developed based on a 

learner-centred learning environment. This chapter also includes the implementation 

phase of the project so to investigate the evidence for proof or disproof of hypothesis 

in section 2.8, which is the effectiveness of learners‟ learning preferences in different 

learning environment in terms of their learning performance. 
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Chapter 6 Experimental Design and Data 
Evaluation 

 

6.1 Overview 

This chapter presents the process of data collection, analysis and findings of gathered 

data in relation to learners‟ learning styles and their performance while interacting 

with different types of e-learning systems. This chapter is a combination of 3 sections: 

(i) data collection and methodology for data analysis, (ii) data analysis and findings, 

and (iii) conclusion. 

 

6.2 Data Collection and methodology of data analysis 

This is a two part data analysis to find if any correlation exists between learners‟ 

interaction with the system, the type of e-learning systems and learning preference-

based content materials. The first part of data analysis (section 6.3) is done solely 

based on the duration of learners‟ activities on learning materials. Based on the study 

done in section 2.5.3 the type and the timing of learners interaction with content 

materials would be an effective factor on the categorisation of learner‟s learning 

performance. The second part of the data analysis (section 6.4) categorises learners 

based on the type of assessment questions they have attempted. 
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6.3 Data Analysis and Finding – categorisation of learners 

outcome based on the duration of their activities 

Analysis of data on learner‟s performance based on different types of content 

materials and e-learning systems: 

i) Data Analysis and Findings on Learners‟ Performance based on their 

learning preferences and VARK- & ARK-based content materials 

ii) Data Analysis and Finding on learners‟ performance based on ALELS and 

PELS 

6.3.1  Data Analysis and Findings on Learners’ Performance based 
on their learning preferences and VARK- & ARK-based 
content materials 

 

In this section data gathered from learner‟s activities on finding the existence of any 

relationship between VARK- & ARK-based content materials and their performance 

will be analysed. 

6.3.1.1 Methodology used on data analysis 

There are three statistical methods of t, f and Chi-squared tests used to analyse the 

outcome from learner‟s interaction with the system. As it is known the t-test is the 

most commonly used method to evaluate the differences in means between two 

groups. For example, the t-test can be used to test for a difference in test scores 

between groups of patients who were given either drug or received placebo. (StatSoft, 

2008). Frequency of data represents the simplest method of analyzing categorical 

data. This method is often used to review how different categories of values are 

distributed in the sample. 
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As mentioned earlier, by the use of F-table, T-table, the minimum average and 

probability of 5% levels of distribution, outcome of their duration of involvement 

with the system (time spent on the interaction with the system) indicates that learners 

can be divided into more than one group (screen capture of the database analysis can 

be found in appendices 3 and 4 in the production log of the thesis).  

1%  17 groups 

5%  11 groups 

10%  9 groups 

The probability of 5% levels of distribution is chosen (as it is used as a commonly 

practised value – (StatSoft (2010))) to put those learners involved with the project into 

different groups. Following (Table 13) is the list of grouped AAPELS users and 

identified by their User ID. For example, under G1 column (G1 stands for “group 

one”), the number “188” is the user ID of a learner. 

 

G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 

188 99 149 100 326 184 91 343 174 291 217 

327 276 236 153 132 268 135   115 317 

269 134 81   254 143   150 277 

352 221    87 124   226 401 

117 357    89 332   76 337 

334 282     305    330 

342 142     86    237 

389 152     129    154 

125 101     196    195 

169 145     126    329 

 302     83     

 313          

           

           

Table 13: List of learners grouped by their activity time spend on each topic 

 

Based on the time spent on each topic (AC – assessment contents – related) and 

number of learners in each group, effects of interaction between learners within the 
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system for only first seven groups are studied. The reason being is that the time spent 

on assessment contents related category of learning objects are trivial which could be 

ignored. Thus, by categorising those groups into different types of ELSs the outcome 

is presented in Table 14: 

G1 ELS-

type 

G2 ELS-

type 

G3 ELS-

type 

G4 ELS-

type 

G5 ELS-

type 

G6 ELS-

type 

G7 ELS-

type 

 

188 ELS 99 PELS 149 ELS 100 ELS 326 PELS 184 ELS 91 ELS  

327 ELS 276 ELS 236 ELS 153 PELS 132 PELS 268 ELS 135 PELS  

269 PELS 134 ELS 81 PELS     254 ELS 143 ELS  

352 PELS 221 ELS       87 PELS 124 ELS  

117 PELS 357 ELS       89 ELS 332 PELS  

334 PELS 282 ELS         305 ELS  

342 PELS 142 ELS         86 ELS  

389 ELS 152 ELS         129 PELS  

125 ELS 101 ELS         196 ELS  

169 ELS 145 ELS         126 PELS  

  302 PELS         83 ELS  

  313 ELS            

              Totals 

ELS 5  10  2  1  0  4  7 29 

PELS 5  2  1  1  2  1  4 16 

Total 10  12  3  2  2  5  11 45 

Table 14: List of groups of learners divided into different types of e-learning systems 

 

There are screenshots of spreadsheet-based data analysis provided in the production 

log. 

Our early evaluation of the data gives some tentative indications about learners 

learning style and performance. This could also be interpreted as learners‟ 

performance and the type of learning content they used. These indications could be 

summarised as follows: 

Learners with “V-A-R-K” learning style (using the VARK type learning contents 

show better performance than other groups and show advancements on their learning 

performance by doing better on their assessments. Also within this group there is a 

significant difference between the result of those who took the test before going 

through the learning content and those who took the test after going through the 

learning contents (53% to 33%). Also learners using content materials of type “RS – 

static type of reading materials”, “AKRS – static type of reading materials with 
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interactive contents which includes audio” and “AKRD – dynamic type of reading 

materials with interactive contents which includes audio” shown improvement on 

their performance based on their assessment results. 

Like many other educational technologists, there is a cautious approach regarding the 

whole concept of determining learners learning styles, nevertheless, this project has 

clearly shown that it is possible to develop systems that allow users to have a direct 

input in terms of the type and delivery of their learning material. Furthermore the data 

also shows that the personalisation in the cases of people with the VARK (which 

contains the largest variety of learning content material) improves learners‟ 

performance.   
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6.3.1.2 Results of learners’ activities based on their learning 

preferences and VARK- & ARK-based course materials 

During the period of the course when the system was accessible, 71 learners accessed 

APELS, 59 learners took the VARK test and determined their LP and 37 of those learners 

attempted practice and assessment section of content materials. The outcome of the last 

experience indicated that learners who are able to change their LP, have shown 5% 

increase i their learning performance. Details are in Table 15-1 and Table 15-2 (Table 

15). 

Relationship between Assessment 

Performance & Learning Preferences 

  LP/Main Grand Total 

  UP DOWN No attempt 

V   5%   

A   3%   

R 8% 3% 5% 

K 5%     

VK   3%   

AR 3% 3%   

RK   5%   

VRK 5% 5% 3% 

VARK 24% 14% 5% 

Subtotal: 46% 41% 14% 

Total:     100% 
 

 Relationship between Assessment 

Performance & ARK based contents 

materials 

  LP/Main Grand Total 

  UP DOWN No attempt 

RS 3%     

RD   3%   

ARS       

ARD   3%   

KRS 8% 8% 5% 

KRD     3% 

AKRS 5% 3%   

AKRD 30% 24% 5% 

Subtotal: 46% 41% 14% 

Total:     100% 
 

Table 15-1: Assessment Performance and LP  Table 15-2: Assessment Performance and ARK-

based contents materials 

Table 15: outcome of relationship between assessment performance on the base of learning 

preferences and ARK-based content materials 

 

However, as a short comment it can be said that Table 15-1 shows that learners with a 

learning style of VARK demonstrated a 24% increase in learning performance. 

However, based on Table 15-2 the AKRD materials which were provided to VARK 

students, showed an increase in learning performance of 30%. The reason for the 

difference is that AKRD materials were provided to students with learning styles 
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other than VARK i.e. there isn't a one to one correlation between the learning style 

and the materials used. 

6.3.1.3 Discussion of findings 

On the base of findings from above outcome, following two conclusions are made: 

A) By the use of F-table, T-table, the minimum average and probability of 5% level of 

distribution, outcome indicates that learners can be divided into 11 groups of time 

spent on overall topics. 

B) Progress on learners‟ learning performance can be divided into three groups: 

 i) Improvments in Learning Performance 

 ii) No Change in Learning Performance 

 iii) Decline in Learning Performance 

i) Improvements in Learning Performance 

a. Learners with “R”, “K” and “VARK” based LP have shown great 

advancements on their learning performance by doing better on their 

assessments. 

b. Learners with accessibility of contents materials of type “RS”, “AKRS” and 

“AKRD” have shown a great deal on their learning performance by doing 

better on their assessments. 

ii) No Change in Learning Performance 

a. Learners with “AR” and “VRK” based LP have not shown much change on 

their learning performance. 

b. Learners with accessibility of contents materials of type “KRS” have not 

shown much change on their learning performance. 
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iii) Decline in Learning Performance 

a. Learners with “V”, “A”, “VK” and “RK” based LP have shown a declination 

on their learning performance. 

b. Learners with accessibility of contents materials of type “RD” and “ARD” 

type of contents materials have shown a declination on their learning 

performance. 

6.3.2 Data Analysis and Finding on learners’ performance based 

on ALELS and PELS 

Sections above included discussions on the performance of learners‟ outcome based 

on two different types of content-provider systems: (i) VARK- and (ii) ARK-based 

mechanism. On the other hand, to learn more about learners overall performance and 

method of measuring them, the chi-square test were applied to those outcomes. The 

common procedure to use chi-square-based test is to introduce two hypotheses and 

then proving one of them is the correct hypothesis and the other one is not. 

Hypotheses are as follows: 

H0: There is no relationship between both ALELS and PELS based on the 

number of passed or failed learners on varieties of different types of 

assessment contents. 

H1: The opposite of H0 hypothesis. 

6.3.2.1 Results of learners’ performance based on ALELS and PELS 

Comparing both types of assessment contents for all types of assessment questions 

have given following outcomes (Table 16) and their analysis have been presented on 

both charts (Figure 34 and Figure 35): 
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ALELS 

Q_id 

Total 
No. Of 

Learners Failed Passed 

8 16 7 9 

15 17 11 6 

16 16 10 6 

17 15 8 7 

18 16 10 6 

19 15 8 7 

20 15 10 5 

21 15 8 7 

22 16 11 5 

23 15 8 7 

27 37 15 22 

29 34 3 31 

32 32 19 13 

33 32 11 21 

36 28 4 24 

37 29 14 15 

40 26 9 17 

41 26 18 8 

43 24 16 8 

45 26 16 10 

46 22 4 18 

47 22 5 17 

50 21 4 17 

51 21 5 16 

55 21 9 12 

56 21 19 2 

60 18 16 2 

61 18 8 10 

64 19 6 13 

65 19 7 12 

77 16 5 11 

78 16 7 9 

79 16 6 10 
 

 PELS 

Q_id 

Total 
No. Of 

Learners Failed Passed 

8 5 2 3 

15 5 3 2 

16 5 2 3 

17 5 3 2 

18 5 3 2 

19 5 2 3 

20 5 2 3 

21 5 3 2 

22 5 3 2 

23 5 3 2 

27 13 4 9 

29 13 1 12 

32 12 8 4 

33 12 1 11 

36 11 2 9 

37 11 3 8 

40 10 4 6 

41 10 8 2 

43 9 6 3 

45 9 6 3 

46 9 0 9 

47 9 0 9 

50 8 0 8 

51 9 2 7 

55 7 1 6 

56 7 4 3 

60 7 2 5 

61 7 3 4 

64 7 2 5 

65 7 1 6 

77 6 3 3 

78 6 1 5 

79 6 1 5 
 

Table 16: List of questions and learner’s outcome of assessments 
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Figure 34: Chart of the list of questions (based on their ID number in the system) and their 

performance in an ALELS 

Further explanation on the relationship between the number of questions answered 

and learners‟ learning performance in an adaptable e-learning system which does not 

provide any clear pattern is given in the following section 6.3.2.2. 

 
Figure 35: Chart of the list of questions (based on their ID number in the system) and their 

performance in an PELS 

Further explanation on the relationship between the number of questions answered 

and learners‟ learning performance in a personalised e-learning system which does 

not provide any clear pattern is given in the following section 6.3.2.2. 
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6.3.2.2 Discussion of findings 

The diagrams above (Figure 34 and Figure 35) do not show any clear relationship 

between the outcome of both types of e-learning systems and the number of passed or 

failed learners in assessment contents. However, by taking a closer look, there are few 

differences and similarities between both diagrams. To obtain a better understanding 

and possibly a new outcome of both diagrams, results of assessments could be 

categorised into three different types of Recall, Competency and Understanding types 

of assessment content materials (detailed list of questions are included in the 

production log: the section on” Questions”). 

Following table (Table 17) is the list of assessment-based (not practice-based) 

questions and their types related (Recalling, Understanding and Competency types of 

questions) to individual content object, learning object, subject and topic. 
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Keys: 

topic_id: Topic identification key number 

sub_id: Subject identification key number 

LO_id: Learning object identification key number 

co_id: content object identification key number 

acpcq_id: Assessment content and practice content related questions identification key number 

acpcq_RCU: Assessment content and practice content related questions of type recall, competency and 

understating identification key number 

Table 17: List of assessment questions and their related Topics, Subjects, Learning Objects, 

Content Objects and their types based on (Recalling, Understanding and Competency) 
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Table 17 presents a list of different types of assessment contents as a collection of 

seven (7) recalling (R), ten (10) understanding (U) and sixteen (16) competency (C) 

types of questions as part of assessment. 

 

The following is an analysis of data gathered on learners‟ responses to different types 

of recall, competency and understanding-based types of assessment content materials 

(questions): 

(i) Outcome of recall-based type of assessment contents: Data gathered in the 

database on learners‟ activities was categorised and analysed as follow (Table 18): 

 
R   

 ELS PELS 

Passed (1) 111 47 
Failed (0) 65 20 

Table 18: Outcome of Recall-based type of assessment 

 

Note: On the above table, numbers are based on total number of questions answered 

by all relevant learners. For example, 47 is the total number of questions answered 

correctly by all students which the type of exam questions was in recalling (R) type. 

 

By using chi-squared test on data gathered through the activities of learners on 

answering Recall-based type of assessment contents (ACs), with the degree of 

freedom of one (df = 1) and significance level of  = 0.05, the calculated chi-squared 

value of 1.07 is much lower than the critical value of 3.184. This means the default 

hypothesis for finding any relationship between the degree of passed and failed in 

two different types of ELS are rejected. 
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(ii) Outcome of Competency-based type of assessment contents: Data gathered in the 

database on learners‟ activities was categorised and analysed as follow (Table 19). 

 
C   

 ELS PELS 

Passed (1) 116 53 
Failed (0) 156 39 
Total 272 92 

Table 19: Outcome of Competency-based type of assessment 

 

The value of 6.19 as the outcome of chi-squared test on Competency-based type of 

contents materials shows a reliable relationship between ALELS and PELS based on 

the number of learners‟ outcome of passed or failed on assessment contents. 

 

Basically because 6.19 > critical test (5.0239) => the hypothesis of (section 6.3.2) 

“There is no relationship between both the degree of passed and failed in ELS and 

PELS” is rejected which means there is a relationship between Competency type of 

questions and learners' successfully completion of their course.  

 

(iii) Outcome of Understanding-based type of assessment contents: Data gathered in 

the database on learners‟ activities was categorised and analysed as follow (Table 20). 

 
U   

 ELS PELS 

Passed (1) 156 66 
Failed (0) 96 30 
Total 252 96 

Table 20: Outcome of Understanding-based type of assessment 

 

The value of 1.41 (which is less than the critical value of 3.184) as the outcome of 

chi-squared test on Understanding-based type of contents materials accepts the 

reliability of the first hypothesis which is the rejection of the relationship between 
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ALELS and PELS based on the number of learners‟ outcome of passed or failed on 

Understanding-based type of assessment contents. 

 

Conclusion: As presented above, there is a clear proof of the relationship between 

both ALELS and PELS (Table 21, Figure 36 and Figure 37). 

 

ALELS 
Q-No. Failed Passed 

11 9 12 

12 19 2 

13 16 2 

14 8 10 

15 6 13 

16 7 12 
 

 PELS 
Q-No. Failed Passed 

11 1 6 

12 4 3 

13 2 5 

14 3 4 

15 2 5 

16 1 6 
 

Table 21: Outcome of Competency-based assessments based on different types of ELSs. 

 

ELS - Competency type of Materials

0

5

10

15

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Questions

N
u

m
b

e
r 

o
f 

A
n

s
w

e
re

d
 

Q
u

e
s
ti

o
n

s

Failed

Passed

 
Figure 36: Chart of contents from Table 21 for ALELS. 

 

The explanation is given after the following chart. 
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PELS - Competency Type of Materials
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Figure 37 Chart of contents from Table 21 for PELS. 

 

Although, the similarity of charts (Figure 36 and Figure 37) on their first parts shows 

the possibility of their relativeness to the contents of questions, the end part of graph 

(Figure 37) is clearly an indication of the growth of number of learners who have 

passed competency-based types of assessments. 

 

6.3.3 Conclusion on this section 

As mentioned in sections 6.3.1 and 6.3.2, the outcome of these two major sections 

supports differences of effects that both types of e-learning systems (ALELS and PELS) 

have on the performance of learners. However, further data analysis from a different 

perspective is needed to support these effects, therefore a thorough investigation and 

evaluation of learners-gained-knowledge on the basis of different categories of questions 

of type, namely recall (R), understanding (U) and competency (C), is required. 

Furthermore, this section (6.3) demonstrated there is a difference between the uses of two 

types of ELSs but it is not conclusive, since there is not enough clarity at moment, 

therefore there is a need to reanalyse the data from a different perspective to consider the 
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different types of question types and to determine a greater level of differentiation or 

clarity. 

6.4 Data Analysis and Finding – categorisation of learners 

outcome based on the type of assessment questions and 

types of ELSs 

Hypothesis developed in section 2.8 which is about finding any correlation between 

learners‟ learning performance while interacting with two types of e-learning systems 

– adaptable and personalised ELS. 

The tracking unit of the system (Chapter 5) has stored large amounts of data which 

will be used to learn about any possible relationship between learners‟ interaction 

with content material based on types of e-learning systems and their learning 

preferences. The observations and analysis of data are based on the outcome of 

assessments; moreover, to differentiate this outcome, two other methodologies are 

presented: (i) Grouping learners based on their total number of answered questions, 

and (ii) grouping learners based on the number of 33 possible attempted answered 

questions in different e-learning systems. These two methods will be used to learn 

about any effects that one has on the other. One element would be studying a learner‟s 

participation in assessing his/her knowledge on a topic, and the other is the study of a 

learner‟s performance while interacting with course materials in different e-learning 

environments (systems). 
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6.4.1 Analysis of learners’ performance based on assessment 
outcomes without the consideration of their assigned type of 
ELS (ALELS and PELS) 

The e-learning systems developed to test the hypothesis have a tracking mechanism 

(section 5.3, Figure 27) which keeps track of learners‟ activities throughout their 

activities in the system. To find out how a learner has performed and to investigate 

his/her learning performance, all assessment responses have been stored and only 

those which have been the last result were accepted as the learner‟s answer to 

assessment questions. This is done to prevent the repeated records gathered by 

learners who have made several attempts to answer the same question and changed 

their responses, which would interfere with the data analysis. The gathered data are 

presented in Table 22. 

 

The following table (Table 22) shows the performance of all 74 learners. These 

learners have had different attempts on different practice and assessment questions; 

however, the table only presents their attempts on assessment questions. Out of a total 

of 1203 attempts on 33 assessment questions, 739 (61.43%) correct answers were 

made which is a much higher value (1.59 times) than 464 (38.57%) incorrect answers 

on the same number of assessment questions. The table includes a list of learners and 

their detailed assessment outcome based on individual assessment questions. The 

outcome is presented in the form of whether the attempt on the answer was correct (T 

= True) or incorrect (F = False). The table also includes a total number of correct and 

incorrect answers for each learner (arranged horizontally) and the total number of 

answers for each question (arranged vertically). 
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N
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Question ID Number    

8 15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

27
 

29
 

32
 

33
 

36
 

37
 

40
 

41
 

43
 

45
 

46
 

47
 

50
 

51
 

55
 

56
 

60
 

61
 

64
 

65
 

77
 

78
 

79
 

T
o

ta
l-

T
R

U
E

 

T
o

ta
l-

F
A

L
S

E
 

T
o

ta
l 

1 76                     F T F F T F                                   2 4 6 

2 81                     T T F F T T                                   4 2 6 

3 83                     F T F T                                       2 2 4 

4 86                     T T T F T F                                   4 2 6 

5 87 F F F F F T F F F F T F F T T T T F F F T T T T T T F F T T F F F 14 19 33 

6 89                     F T T F T F F F F F F T T T T F F F T T       9 11 20 

7 91                     T T T F T F T F                               5 3 8 

8 97 T F T F F F F F F F                                         T F T 4 9 13 

9 100 T T T T T T T T T T T T T T T T F T F F T T T T T F F T T T T T T 28 5 33 

10 101                     F T F T T F T T T F T T T T F F               10 6 16 

11 106                     T T                                           2 0 2 

12 115                     F F F T T T F F F T T T T T F F               8 8 16 

13 117                     T T T T T T F F F F T T T T T T F F T T T T T 17 6 23 

14 124                     T T F T T T T F                               6 2 8 

15 125 F T F F F F F T F F T T T T T T T T T F T T T T T T F F T T T T T 22 11 33 

16 129                       T                                           1 0 1 

17 132                     F T F T T T T F F F T T   F                   7 6 13 

18 134 T T T T T T T F T F T T F F T F T F F T T T T T T F F F T T T T T 23 10 33 

19 142                     T T T F T F T T T F T T T T F T F T T T T T F 17 6 23 

20 145 T T T T T T F F F T F T T T T T T F T F T T T T T F T T T T T T T 26 7 33 

21 149 F F F F T T T F F T F F F F T T F T T T F F T T T F T T T F T F T 17 16 33 

22 152 T T T F F T F F T T T T F T T F F F F T F F T T F F F T F F F F F 14 19 33 

23 153                     T T F T F F F F                               3 5 8 

24 154                     F                                             0 1 1 



Chapter 6   

   
 148 

25 169 F F F F F F F T F F F T F T T T T F F F T T F T F F F F F F F F T 10 23 33 

26 184                     F T T T F T F F F F T T T T F F     F T       9 9 18 

27 188 T T T T T T T T T T T T F T F F T F T T T F F F T F F T T T T T T 24 9 33 

28 196 F F F F F T T F F F T T F F           T                           5 10 15 

29 218                     T T                                           2 0 2 

30 221 T F F F F F F F F T F T F F T T T F F F T T T F T F F T T T T F F 14 19 33 

31 226                     F                                             0 1 1 

32 236 T F F T T F F T F F T T F T F F T T F F T T F F T F F T T F F F F 14 19 33 

33 254 F F F F F F F F F T T T F T T T F F F T F F F F F F F F F T F T T 10 23 33 

34 268                     T T F T T T T F T F T T                       9 3 12 

35 269 F F F F F F F F F F T T T T T T T T F F T T T T T F T T F F       15 15 30 

36 276 T F F T F F F T F F T T T T T T T F F T T T T T T F F T T T T T T 22 11 33 

37 282                     T T T F T T T T F T T T T T T F F F T T       15 5 20 

38 291                     F T F T                                       2 2 4 

39 302 T F T F F F T F F F T T F T T F F F F T T T T T F F T F F T F T T 16 17 33 

40 305                     F T T T T T F F F T                           6 4 10 

41 313                     T T T T T F F F T F T T T T F F F F T F       11 9 20 

42 326                     F T F T F F F F F F T T T T                   6 8 14 

43 327 F F F T F F F T F F F T F T T T T F F F T T T F F F F F F F F F F 10 23 33 

44 329                     T                                             1 0 1 

45 332                     T                                             1 0 1 

46 334 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 33 0 33 

47 342                     F T T T T T T F T T T T T T T F T T T T F T T 19 4 23 

48 343                     T T F F                                       2 2 4 

49 352 T T T T T T T T T T T T F T T T T F T F T T T F T F T T T T T T T 28 5 33 

50 357                     F T F T T F T T F F                           5 5 10 

51 389 F F F               T F F T F F T F F F T F T T T F F T F F T T F 10 16 26 

52 401                     T T T T                                       4 0 4 

53 433                     T F F T T T                                   4 2 6 

54 435                     T                                             1 0 1 

55 438                     F                                             0 1 1 
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56 445                     T T                                           2 0 2 

57 447                                       T                           1 0 1 

58 449                     T T T T T T                                   6 0 6 

59 450                     T T F T F T F F T T T T T T T F               11 5 16 

60 464                     T T T T                                       4 0 4 

61 469                     T T F T                                       3 1 4 

62 485                     T T F T                                       3 1 4 

63 495                     T T T T T T F F F T T T T T                   11 3 14 

64 497                     T T F   T T T F T F T T T T F F               10 5 15 

65 501 T T T T T T T T F F T T F T T T T F F T T T T F T F T T T T T T T 26 7 33 

66 507 T F T T T T T T T T T T T T T T T F F F T T T T T F T T T F T T T 27 6 33 

67 514                     T T F T                                       3 1 4 

68 515 T F T T T T T T T T T T T T T F T F F F T T T T T T T T F T T T F 26 7 33 

69 517                     T T T T T T T F T F T T T T T F T T F F T T T 18 5 23 

70 530 F T F F F T F F F F T T T T T T F F F T T T T T T F F T T F T F T 18 15 33 

71 531                     T T                                           2 0 2 

72 557                     T T T T T T                                   6 0 6 

73 568                     T                 T                           2 0 2 

74 569                     T T F T T T F T F T                           7 3 10 

                                      

Total 

                                  

73
9 

46
4 

12
03

 

                                      

 

Keys: 

T stands for true answer (correctly answered) 

F stands for false answer (incorrectly answered) 

Mem_ID: The ID number of the learner 
Table 22: Learners’ attempts at responding to assessment questions. 
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The source of our knowledge is information which must be deduced from data. 

Statistics is the language which can interpret this data into information and so into 

knowledge. Different tools and techniques are used for this purpose to give 

quantitative or qualitative explanations for any row of data. Bar graphs and Pareto 

charts are used for qualitative data (Ramachandran, K.M. & Tsokos, C.P. 2009). To 

use any graph there is a need for an organised row of data in a table, and when the 

amount of data increases, a frequency table is used which categorises groups of data 

into classes rather than presenting all data into a display. Different sets of frequency 

data are used which mostly depend on the use of the boundary of each class. The class 

boundary should be used for determining each group of data and it should not 

interfere with other sets of data. As such, the best classification would be halfway 

between the boundaries of two groups of numbers. For example there can be 9 or 10 

answers but not 9.5 answers in this research. This method would certainly separate 

two adjacent groups of data. If fi denotes the frequency of the class i and n is the sum 

of all frequencies, then the relative frequencies for the class i are defined as the ratio 

fi/n. Therefore if there are different quantities of data in each class, to find the 

cumulative relative frequency for any class i, the equation would be  i ii
mf

n

1
, where 

n is the sum of all frequencies, fi is the frequency of the data in each class i, and mi is 

the mean average of data in each class (Ramachandran, K.M. & Tsokos, C.P. 2009). 

To do this analysis we should start determining the upper and lower limit of each 

class, which is shown below: 
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Upper limit of attempted questions: 33 questions have been attempted to answer 

(largest value). 

Lower limit of attempted questions: 1 question has been attempted to answer (lowest 

value). 

The lowest value would be one, which means the learner needs to answer at least one 

assessment question to be considered a participant in the experiment. 

To find the number of classes the following formula would be used: 

Range = Largest value – Smallest value = 33 – 1 = 32 

Class width = (Largest value – Smallest value) / (Number of classes) 

To prevent a case of having only a few items of data in each class, the 4-class 

intervals will be used throughout this data analysis, as there are only 19 records of 

Personalised E-Learning System users (section 7.4.2.2) that exist. So the number of 

classes will be selected as 4. 

Class width = Range / Number of classes = 32 / 4 = 8 

But, if we decide to have 4 intervals of 8 values in each class, we will hit the value of 

33 if we start the classification from 1. However, per regulation (Ramachandran, 

K.M. & Tsokos, C.P. 2009, p. 18), no data value should fall on the class boundary (as 

discussed above). Thus we will start the lower boundary from 0.5 and choose the 9 

intervals as the classification of data to prevent both the possibility of meeting a value 

on a class boundary and of leaving one class with a value of 33, as shown in Table 23. 

The key here is to make the possible decisions between available options, such as the 

number of classes, width of each class and current number of data in each type of 

e-learning system (ALELS and PELS): 
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Division of number of learners into groups based on 

attempted answered questions 

Group Label Class intervals 

A 0.5 - 9.5 

B 9.5 - 18.5 

C 18.5 - 27.5 

D 27.5 - 36.5 
Table 23: Setting up groups of learners based on their attempts at answering questions 

 

At this stage the two hypotheses will be examined to see that if there are any data to 

support our hypothesis. It is common to think of the first hypothesis as “Life is boring 

and nothing is happening”, so by default the first hypothesis is null. The second 

hypothesis is to see if something exciting is happening and whether we do have 

sufficient data to back our claim (Diamond and Jefferies, 2006, p.139). The 

hypotheses then are as follows: 

Categorisation Hypothesis0 (CH0): There is no difference between groups in class 

intervals. 

Categorisation Hypothesis1 (CH1): There is a difference between groups in class 

intervals. 

The aim here is to find that the data in all 4 groups is processed to prove or disprove 

one of the statements of CH0 or CH1 as shown in Table 24: 

 

Process of finding reasons for having more than one group for grouping 

learners based on their attempt to answer questions 

Group 

Title 
Class Frequency % mi (Mean) mifi mi

2
fi 

A 0.5 - 9.5 30 40.54 5 150 750 

B 9.5 - 18.5 14 18.92 14 196 2744 

C 18.5 - 27.5 8 10.81 23 184 4232 

D 27.5 - 36.5 22 29.73 32 704 22528 

 Total n=74 100.00 74 1234 30254 
Table 24: Process of finding the mean of each class of attempted entries for grouping learners based 

on their attempts to answer the assessment questions. 
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The sample mean is: 


i ii

mf
n

x
1~  

where n is the sum of all frequencies, fi is the frequency of the data in each class i and 

mi is the mean average of data in each class  

 

68.1674/1234
~

x  

The sample variance is: 

1

2

2

2



















n

n

fm

fm

s

i
ii

ii

 


2

s [30254-(1234
2
/74)]/(74-1) = 132.55 

 

51.11s  

 

Analysis of results to confirm one of the CHs 

Based on the calculations above, there is at least one group that exists with a mean 

average that is out of the range of 16.68±11.51 (i.e. 16.68+11.51 = 27.19 & 16.68-

11.51 = 5.17), or in other words, the population means are not equal. Therefore, the 

first categorisation hypothesis (CH0) is wrong and we can agree that learners‟ 

classification can be divided into more than one group. Thus, based on the analysis of 

the data above, the histogram shown in Figure 38 is confirmed: 

 

 
Figure 38: Frequency of learners’ attempts at answering questions in each class 
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To further analyse learners‟ responses based on the table above (Table 22), a list of 

learners in each group is presented in Table 25. This type of grouping will be used to 

find any correlation between the learners in each group and their performance, in later 

sections. 

 

List of learners in each group based on the number of questions answered 

Group 

Title 

List of learners’ ID in each group Total no. of 

learners in 

each group 

A 76, 81, 83, 86, 91, 106, 124, 129, 153, 154, 218, 226, 291, 

329, 332, 343, 401, 433, 435, 438, 445, 447, 449, 464, 469, 

485, 514, 531, 557, 568 

30 

B 97, 101, 115, 132, 184, 196, 268, 305, 326, 357, 450, 495, 

497, 569 

14 

C 89, 117, 142, 282, 313, 342, 389, 517 8 

D 87, 100, 125, 134, 145, 149, 152, 169, 188, 221, 236, 254, 

269, 276, 302, 327, 334, 352, 501, 507, 515, 530 

22 

Total 74 
Table 25:  List of learners in each group 

 

Now for all groups listed above, we should check for differences between the true and 

false responses. The outcome would be as follows (Table 26): 

 

Number of learners in each group and number of 

their responses to assessments 

Class Intervals Answered 

Total 
Group 

No. of 

learners 
True False 

A 0.5-9.5 78 32 110 

B 9.5-18.5 108 84 192 

C 18.5-27.5 116 62 178 

D 27.5-36.5 437 286 723 

Total  739 464 1203 
Table 26:  Number of learners in each group and number of their responses to assessments 

 

Searching for any correlation between responses in different groups (Table 26) 

Further analysis on finding the correlation between responses in each group of 

learners is done below, on the basis of (i) comparing each class interval with the total 
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number of answered questions (whether true or false) in each class (the last column in 

Table 26 above), and (ii) the total number of either true (739) or false answers (464). 

The outcome is presented in Table 27 and Figure 39 through to Figure 41: 

 

Percentages of learners’ responses and their group assessments based on 

different types of total 

 

Based on each group's total 

Group True False 

Group’s 

total 

A 70.91% 29.09% 110 

B 56.25% 43.75% 192 

C 65.17% 34.83% 178 

D 60.44% 39.56% 723 

Total 61.43% 38.57% 1203 

Table 27.1: Percentages of learners’ 

responses and their group assessments based 

on each group’s total. For example: group A, 

number of true answers = 78; total number of 

answers for group A = 110, thus: (78/110) 

*100% = 70.91%. 

 

Based on the total of all 

answered questions whether 

the answer was true or false 

(1203) 

Group True False 

A 6.48% 2.66% 

B 8.98% 6.98% 

C 9.64% 5.15% 

D 36.33% 23.77% 

Total 61.43% 38.57% 

Table 27.2: Percentages of learners’ 

responses and their group 

assessments based on total of all 

answered questions whether the 

answer was true or false. For 

example: (78/1203)*100% = 6.48%. 

 

Based on the total of all answered 

questions either true or false 

Group True (739) False (464) 

A 10.55% 6.90% 

B 14.61% 18.10% 

C 15.70% 13.36% 

D 59.13% 61.64% 

Total 100.00% 100.00% 

Table 27.3: Percentages of learners’ 

responses and their group assessments based 

on the total of all answered questions whether 

the answer was true or false. For example: 

(78/739)*100% = 10.55%. 

 

 

Table 27: Percentages of learners’ responses and their group assessments based on different types of 

total 
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Percentages of learners responses and their group 

assessments based on each group's total
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Figure 39: (Figure from Table 27.1): Percentages of learners’ responses and their group 

assessments based on each group’s total. 
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Figure 40:( Figure from Table 27.2): Percentages of learners’ responses and their group 

assessments based on the total of all answered questions whether the answer was true or false 
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Percentages of learners responses and their group 

assessments based on total of all answered questions either 

true or false
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Figure 41:( Figure from Table 27.3): Percentages of learners’ responses and their group 

assessments based on the total of all answered questions either the answer was true or false. 

 

 

Preliminary Analysis - 1: 

 

Per hypothesis given in section 2.8, the increase in learning performance can be the 

outcome of the comparison between the number of correctly answered assessment 

questions with the number of incorrectly answered assessment questions. If the 

outcome was the same as and above one (100%) then the comparison has an 

indication of an increase on learning performance and can be interpreted as a sign of 

increase on the efficiency of learning and delivery of learning content materials. For 

example, the comparison of users of both ALELS and PELS (Table 26) generated 739 

correctly attempted answers to assessment questions in comparison with the 464 

incorrectly answered questions, which is 739/ 464 = 1.59, or in other words [(1.59-

1)/1.59] *100% = 37% increase on the learners‟ learning performance. 

 

Details of the same analysis are shown in Table 28 which provides a comparison of 

assessments for each group. Table 28 presents the higher percentage of correctly 

answered questions compared to incorrectly answered questions. For example, 
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learners in group A have answered questions 2.44 times (or 59.02%) and group D 

with 1.59 times (37.11%) more correctly responded to assessment questions. 

 

Comparison of learners’ learning performance 

Group (no. of 

attempted questions) 

Answers 

Performance comparison True False 

A (0.5-9.5) 78 32 2.44 59.02% 

B (9.5-18.5) 108 84 1.29 22.48% 

C (18.5-27.5) 116 62 1.87 46.52% 

D (27.5-36.5) 437 286 1.53 34.64% 

Total 739 464 1.59 37.11% 
Table 28: Comparison of learners’ learning performance 

 

As the comparison of learners‟ responses and their group assessments is based on the 

total of all answered questions whether the answers were true or false, it shows the 

same effect as the chart presented in Figure 39, which indicates the overall increase in 

learners‟ learning performance, and as such this is more proof supporting hypothesis 

one (sec 1.3) in terms of the effectiveness of adaptable and/or personalised e-learning 

systems on the delivery of knowledge. 

 

However, the diagram in  Figure 41 does not present a clear picture of learners‟ 

activities and their learning performance. For example, there is an increase in the level 

of learners‟ learning performance in groups A (True-10.55% to False-6.90%) and C 

(True-15.70% to False-13.36%) compared with a slight fall in the performance of 

groups B (True-14.61% to False-18.10%) and D (True-59.13% to False-61.64%). For 

further investigation on what has caused this effect, the elements of the type of 

e-learning system used by each individual learner should be investigated. Thus, 

learners will be divided into two groups of ALELS and PELS and the effects of both 

environments on learners‟ learning performance will be investigated. 
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6.4.2 Investigation of learners’ performance based on different 
types of ELS 

 

Learners‟ learning performance based on the different types of e-learning system 

(ALELS and PELS) is investigated in the following sections. This investigation 

includes the observations and analysis of data based on adaptable and personalised 

e-learning systems with the consideration of a number of attempted assessment 

questions. In addition, as the system was an automatic type of categorisation of 

learners to different types of e-learning system, the number of learners assigned to 

each type of ELS is different from the others. The reason is that when learners clicked 

on the “Click here to Register” link on the index page of the web application 

(https://cms1.gre.ac.uk/mscinduction/ - the production log - Appendix 25.12), they 

were automatically assigned to one of the two categories of learners. Although there 

were learners who had attempted to register to the course and couldn‟t continue and 

came back later to re-register, the order of assigning a learner to ALELS and another 

to PELS had changed. This is the main reason why there were 55 learners assigned to 

ALELS and 19 learners to the PELS type of e-learning system. 

 

6.4.2.1  Investigation of learners’ performance based on ALELS 

 

The rationale for the following analysis is to find any correlation between the number 

of learners with different attempts on assessment questions. Out of the 55 records of 

learners‟ registered as ALELS users, with a total of 889 attempts at 33 assessment 

questions, 536 (60.29%) attempts with true answers were made, and 353 (39.71%) 

attempts with false answers on the same number of assessment questions. The level of 

correctly answered questions is (536/353 = 1.52) 1.52 times higher than incorrectly 

answered assessments. 
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To compare the responses to assessments between different groups (A-D), who were 

assigned to an adaptable type of e-learning system, a histogram is used to visualise the 

frequency of the data. The same class interval that was used in section 6.4.1 and Table 

23 is used again because the users of the ALELS are from the same (as a subset of the 

original) group of e-learning systems, so they will be grouped into the same 4 class 

intervals as follows (Table 29): 

 

Number of ALELS learners in each group 

Class Intervals 
No. of learners (Frequency) % 

Group Title No. of learners 

A 0.5-9.5 22 40.00% 

B 9.5-18.5 11 20.00% 

C 18.5-27.5 6 10.91% 

D 27.5-36.5 16 29.09% 

Total  55 100.00% 
Table 29: Number of ALELS learners in each group 
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Figure 42: (Figure from Table 29): Frequency of ALELS learners’ attempts on answering questions 

 

Based on Table 29, a list of relevant learners has been provided in Table 30 with their 

user identification number. 
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List of ALELS learners in each group based on the number of questions 

answered (whether true or false) 

Group Title List of learners’ ID 

A 76, 83, 86, 91, 106, 124, 129, 154, 218, 226, 329, 343, 401, 433, 435, 445, 

447, 449, 469, 485, 531, 557 

B 97, 101, 115, 184, 196, 268, 305, 357, 495, 497, 569 

C 89, 142, 282, 313, 389, 517 

D 100, 125, 134, 145, 149, 152, 169, 188, 221, 236, 254, 276, 327, 501, 507, 

515 
Table 30: List of ALELS learners in each group based on the number of questions answered 

(whether true or false) 

 

Now for all the above groups we should check for any difference between True and 

False responses. The comparison would be as follows (Table 31): 

  

The number of ALELS learners in each group and the number of their responses 

to assessments 

Class Intervals Answered 

Total Group Title No. of learners True False 

A 0.5-9.5 59 21 80 

B 9.5-18.5 84 65 149 

C 18.5-27.5 80 52 132 

D 27.5-36.5 313 215 528 

Total  536 353 889 
Table 31: The number of ALELS learners in each group and the number of their responses to 

assessments 

 

Further analysis would show additional findings regarding the relevancy of the type of 

e-learning system (ALELS and PELS) and learners‟ activities on taking assessments. 

These comparisons are done on the basis of (i) comparing each class interval with the 

total number of questions answered (whether true or false) in each class (the last 

column on the Table 31), and (ii) based on the total of either true (536) or false 

answers (353). The outcome is presented in Table 32: 
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Percentages of ALELS learners’ responses and their group assessments based on 

the different types of totals 

 

Based on each group's total 

Group True False 

Group’s 

total 

A 73.75% 26.25% 80 

B 56.38% 43.62% 149 

C 60.61% 39.39% 132 

D 59.28% 40.72% 528 

Total 60.29% 39.71% 889 

Table 32.1: Percentages of ALELS learners’ 

responses and their group assessments based 

on each group’s total. For example, for group 

A, (59/80)*100% = 73.75%. 

 

Based on the total of all 

answered questions whether 

the answer was true or false 

(889) 

Group True False 

A 6.64% 2.36% 

B 9.45% 7.31% 

C 9.00% 5.85% 

D 35.21% 24.18% 

Total 60.29% 39.71% 

Table 32.2: Percentages of ALELS 

learners’ responses and their group 

assessments based on the total of all 

answered questions whether the 

answer was true or false. For 

example, for group A: 

(59/889)*100% = 6.64%. 

 

Based on the total of all answered 

questions whether true or false 

Group True (536) False (353) 

A 11.01% 5.95% 

B 15.67% 18.41% 

C 14.93% 14.73% 

D 58.40% 60.91% 

Total 100.00% 100.00% 

Table 32.3: Percentages of ALELS learners’ 

responses and their group assessments based 

on the total of all answered questions either 

true or false. For example, for group A: 

(59/536)*100% = 11.01%. 

 

 

Table 32: Percentages of ALELS learners’ responses and their group assessments based on different 

types of totals 
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Figure 43: (Figure from Table 32.1): Percentages of ALELS learners’ responses and their group 

assessments based on each group’s total. 
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Figure 44: (Figure from Table 32.2): Percentages of ALELS learners’ responses and their group 

assessments based on the total of all answered questions whether the answer was true or false. 
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Figure 45: (Figure from Table 32.3): Percentages of ALELS learners’ responses and their group 

assessments based on the total of all answered questions whether true or false. 

 

 

Preliminary analysis - 2: 

 

Per hypothesis one (sec 1.3), the correlation between learners‟ attempts to respond to 

assessments is investigated and further analysed as follows. As presented in Table 31, 

Table 32.1 and Figure 43, learners‟ learning performances is the number of questions 

answered correctly divided by the number of questions answered incorrectly. For 

example: 536/ 353 = 1.52, which is [(1.52-1)/1.52] *100% = 37% increase on 

learners‟ learning performance and it has increased by 1.52 times. In that regard, a 

detailed comparison of the learning performance based on the learner‟s learning 

activities for an adaptable e-learning system is presented in Table 33: 

Comparison of learners’ learning performance for ALELS users 

Group (no. of 

attempted 

questions) 

Answers 

Performance comparison 

True False 

A (0.5-9.5) 59 21 2.81 64.41% 

B (9.5-18.5) 84 65 1.29 22.62% 

C (18.5-27.5) 80 52 1.54 35.00% 

D (27.5-36.5) 313 215 1.46 31.31% 

Total 536 353 1.52 34.14% 
Table 33: Comparison of learners’ learning performance for ALELS users 



Chapter 6   

   
 165 

Table 32.1 indicates that learner‟s have performed better while using ALELS by 

answering questions more correctly. Group A (learners who have answered between 1 

to 9 assessment questions) with 64.41%, group B (learners with 10 to 18 answered 

assessment questions) with 22.62%, group C (answered 19 to 27 assessment 

questions) with 35% and group D (those learners who have answered 28 and more 

assessment questions) with 31.31%. For further analysis, the activities of learners with 

a PELS type of e-learning system will be investigated along with their performance in 

attempting to answer the assessment questions in section 6.4.2.2.  

6.4.2.2  Investigation of learners’ performance based on PELS 

As stated in the introduction of section 6.4.2, there were 19 learners whose type of 

e-learning system was personalised ELS. Out of the 19 records of learners‟ registered 

as PELS e-learning system users, with a total of 314 attempts on 33 assessment 

questions, 203 (64.65%) correct attempts (true answers) were made which is much 

higher than the 111 (35.35%) incorrect attempts with false answers made on the same 

number of assessment questions.  

To find any correlation between the users of PELS, the following analysis was done. 

A histogram is used to present the same class interval as in section 6.4.1 and Table 23, 

because users of the PELS are from the same group of ELS, so they will be grouped 

in with the same four classes of intervals as follows (Table 34): 

Number of PELS learners in each group 

Class Intervals 
No. of learners (frequency) % 

Group Title No. of learners 

A 0.5-9.5 8 42.11% 

B 9.5-18.5 3 15.79% 

C 18.5-27.5 2 10.53% 

D 27.5-36.5 6 31.58% 

Total  19 100.00% 
Table 34: Number of PELS learners in each group. 
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Figure 46: Figure from Table 34: Frequency of learners’ attempts to answer questions – PELS. 

 

Based on Table 34 and Figure 46, a list of relevant students in each group is provided 

in the following table (Table 35): 

 

List of PELS learners in each group based on the number of questions 

answered (whether true or false) 

Group 

Title 

List of learners’ ID numbers Number of learners 

in each group 

A 81, 153, 291, 332, 438, 464, 514, 568 8 

B 132, 326, 450 3 

C 117, 342 2 

D 87, 269, 302, 334, 352, 530 6 
Table 35: List of PELS learners in each group based on the number of questions answered (whether 

true or false) 

 

Now for all the above groups we should check for any difference between True and 

False responses and search for any indication of their relationship with the type of 

e-learning system which is personalised e-learning system. The outcome is shown on 

Table 36: 
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The number of PELS learners in each group and the number of their responses 

to assessments 

Class Intervals Answered 

Total Group title No. of learners True False 

A 0.5-9.5 19 11 30 

B 9.5-18.5 24 19 43 

C 18.5-27.5 36 10 46 

D 27.5-36.5 124 71 195 

Total  203 111 314 
Table 36: The number of PELS learners in each group and the number of their responses to 

assessments 

 

Further analysis on the data from Table 36 provides additional findings on the 

relevancy of the type of e-learning system (for PELS) and learners‟ activities on 

taking assessments. These comparisons are made on the basis of (i) comparing each 

class interval with the total number of answered questions (whether true or false) in 

each class (the last column from Table 36), and (ii) the total of either true (203) or 

false answers (111). The outcome is presented in the following tables and figures 

(Table 37 and Figure 47 through to Figure 49): 



Chapter 6   

   
 168 

 

Percentages of PELS learners’ responses and their group assessments based on 

different types of total 

 

Based on each group's total 

Group True False 

Group’s 

total 

A 63.33% 36.67% 30 

B 55.81% 44.19% 43 

C 78.26% 21.74% 46 

D 63.59% 36.41% 195 

Total 64.65% 35.35% 314 

Table 37.1: Percentages of PELS learners’ 

responses and their group assessments based 

on each group’s total. For example, for group 

A: (19/30)*100% = 63.33%. 

 

Based on the total of all 

answered questions whether 

the answer was true or false 

(314) 

Group True False 

A 6.05% 3.50% 

B 7.64% 6.05% 

C 11.46% 3.18% 

D 39.49% 22.61% 

Total 64.65% 35.35% 

Table 37.2: Percentages of PELS 

learners’ responses and their group 

assessments based on each group’s 

total of all answered questions 

whether the answer was true or false. 

For example, for group A: 

(19/314)*100% = 6.05%. 

 

Based on total of all answered 

questions either true or false 

Group True (203) False (111) 

A 9.36% 9.91% 

B 11.82% 17.12% 

C 17.73% 9.01% 

D 61.08% 63.96% 

Total 100.00% 100.00% 

Table 37.3: Percentages of PELS learners’ 

responses and their group assessments based 

on the total of all answered questions whether 

true or false. For example, for group A: 

(19/203)*100% = 9.36%. 

 

 

Table 37: Percentages of PELS learners’ responses and their group assessments based on different 

types of totals 
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Figure 47: (Figure from Table 37.1): Percentages of PELS learners’ responses and their group 

assessments based on each group’s total. 
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Figure 48: (Figure from Table 37.2): Percentages of PELS learners’ responses and their group 

assessments based on each group’s total of all answered questions whether the answer was true or 

false. 
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Figure 49: (Figure from Table 37.3): Percentages of PELS learners’ responses and their group 

assessments based on the total of all answered questions whether true or false. 

 

Observation and preliminary analysis - 3: 

 

To investigate an indication to prove or disprove hypothesis one (section 1.3), the 

following analysis is presented. As per Table 37.1 and as illustrated in Figure 47, 

learners‟ responses to assessment questions have significantly (1.83 times) increased; 

and [(1.83-1)/1.83]*100% = 45.32%, which is higher than 37% of ALELS users. 

Details of further analysis for all four groups are given in Table 38. 

 

Comparison of learners’ learning performance for PELS users 

Group (no. of attempted 

questions) 

Answers Performance comparison 

(True/False) True False 

A (0.5-9.5) 19 11 1.73 42.11% 

B (9.5-18.5) 24 19 1.26 20.83% 

C (18.5-27.5) 36 10 3.60 72.22% 

D (27.5-36.5) 124 71 1.75 42.74% 

Total 203 111 1.83 45.32% 
Table 38: Comparison of learners’ learning performance for PELS users 

 

 

Similar to adaptable e-learning system users, learners have performed better while 

using a personalised e-learning system, per Table 38, as they have answered 

assessment questions more correctly. The next step will be comparing the learners‟ 
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learning performance for both types of ELS (see section 6.4.2.3) and find out how 

much better the learners of one type of e-learning system have done compared to the 

other. 

 

6.4.2.3 Comparison of learners’ performance based on ALELS 

and PELS 

To simplify the interpretation of comparison of learners‟ activities and their learning 

performance in two different types of e-learning systems, records of their activities 

are presented in the following table (Table 39): 

 

Comparison of learners’ performance based on type of ELS and type of answered 

questions 

Type of answers Total number of 

questions answered 

In percentage in each 

group of type of ELS 

ALELS PELS ALELS PELS 

Correctly (true answers) 536 203 60.29% 64.65% 

Incorrectly (false answers) 353 111 39.71% 35.35% 

Total number of answers 

(true or false) 

889 314 100% 100% 

Total number of learners 55 19   
Table 39:  Comparison of learners’ performance based on type of ELSs and type of answered 

questions 

 

The 64.65% level of PELS users who answered the questions correctly indicates the 

advantage of using PELS systems on ALELS (60.29%). This could be an indication of 

proving that learners who are limited to their first choice of learning method could do 

better in the long run and perform better than those learners who have the option and 

flexibility of changing the method of their learning environment. 

 

To illustrate the comparison of the learners‟ activities and to learn more about their 

learning performance, a histogram is used for the data from section 6.4.1 and Table 23 
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(as they have the same users of the ALELS and PELS). So they will be grouped in the 

same 4 classes as follows (Table 40 and Figure 50): 

 

Comparison of number of learners’ performance based on the attempted 

questions for both types of ALELS and PELS 

Group 

Title Class 

Intervals 

ALELS PELS 

No. of learners 
(Frequency: 55) % 

No. of learners 
(Frequency: 19) % 

A 0.5-9.5 22 40.00% 8 42.11% 

B 9.5-28.5 11 20.00% 3 15.79% 

C 18.5-27.5 6 10.91% 2 10.53% 

D 27.5-36.5 16 29.09% 6 31.58% 

Total  55 100.00% 19 100.00% 
Table 40: Comparison of the number of learners’ performance based on the attempted questions for 

both types of ALELS and PELS 
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Figure 50: (Figure from Table 40) Comparison between ALELS and PELS attempted questions in 

percentages. 

 
Observations of the above data and chart (Table 40 and Figure 50) will be further 

investigated below and there are a few observations that have been made which 

present new findings that provide either prove or disprove  hypothesis one (sec 1.3). 

Now for all the above groups (A, B, C and D) we should check for the differences 

between true and false responses. The outcome would be as follows (Table 41 and 

Table 42): 
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Comparison of no. and type of answered questions between two systems 

Range of no. 

of learners in 

each group 

No. of Answers (ALELS) No. of Answers (PELS) 

True False Total True False Total 

A (0.5-9.5) 59 21 80 19 11 30 

B (9.5-18.5) 84 65 149 24 19 43 

C (18.5-27.5) 80 52 132 36 10 46 

D (27.5-36.5) 313 215 528 124 71 195 

Total 536 353 889 203 111 314 
Table 41: Comparison of number and type of answered questions between two systems 

 

Comparison of number and type of answered questions between two systems in 

the form of percentages 

 
Based on each group's total of 

answered questions (ALELS) 

For group True False 

A 73.75% 26.25% 

B 56.38% 43.62% 

C 60.61% 39.39% 

D 59.28% 40.72% 

Total 60.29% 39.71% 

Table 42.1: 

 

 
Based on each group's total of 

answered questions (PELS) 

For group True False 

A 63.33% 36.67% 

B 55.81% 44.19% 

C 78.26% 21.74% 

D 63.59% 36.41% 

Total 64.65% 35.35% 

Table 42.2: 

Let‟s put both outcomes of different types of ELSs without false columns into one 

table for comparison: 

 
Based on each group’s total of correctly answered 

questions  

For group ALELS PELS Comparison 

A 73.75% 63.33% ALELS 

B 56.38% 55.81% ALELS 

C 60.61% 78.26% PELS 

D 59.28% 63.59% PELS 

Total 60.29% 64.65% PELS 

Table 42.3: 

 

 
Comparison of the assessment outcome 

based on the total of all answered 

questions whether the answer was true or 

false for ALELS users 

Group True False 

A 6.64% 2.36% 

B 9.45% 7.31% 

C 9.00% 5.85% 

D 35.21% 24.18% 

Total 60.29% 39.71% 

Table 42.4: 

 

 

Comparison of the assessment outcome 

based on the total of all answered 

questions whether the answer was true 

or false for PELS users 

Group True False 

A 6.05% 3.50% 

B 7.64% 6.05% 

C 11.46% 3.18% 

D 39.49% 22.61% 

Total 64.65% 35.35% 

Table 42.5: 
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Comparison of the assessment outcome based on the 

total of all questions answered correctly 

Group ALELS PELS Comparison 

A 6.64% 6.05% ALELS 

B 9.45% 7.64% ALELS 

C 9.00% 11.46% PELS 

D 35.21% 39.49% PELS 

Total 60.29% 64.65% PELS 

Table 42.6: 
 

 
Based on the total of all answered 

questions either true or false 

(ALELS) 

For group True False 

A 11.01% 5.95% 

B 15.67% 18.41% 

C 14.93% 14.73% 

D 58.40% 60.91% 

Total 100.00% 100.00% 

Table 42.7: 
 

 

Based on the total of all answered 

questions whether true or false 

(PELS) 

For group True False 

A 9.36% 9.91% 

B 11.82% 17.12% 

C 17.73% 9.01% 

D 61.08% 63.96% 

Total 100.00% 100.00% 

Table 42.8: 

 
Based on the total of all answered questions whether true or 

false 

For group ALELS PELS Comparison 

A 11.01% 9.36% ALELS 

B 15.67% 11.82% ALELS 

C 14.93% 17.73% PELS 

D 58.40% 61.08% PELS 

Total 100.00% 100.00%  

Table 42.9: 
 

Table 42: Comparison of the number and type of answered questions between two systems in the 

form of percentages 

 

Observation: 

By comparing the data in Table 42.3, Table 42.6 and Table 42.9 there are indications 

as to which users of personalised e-learning systems have performed better in doing 

assessments as the number of their attempts increased: 

i) Data from Table 42.3 regarding learners‟ interaction with two types of 

ELS indicate the advantages of using PELS to ALELS when the number of 

attempts to answer assessment questions correctly increases based on the 

group‟s total of answered questions. 
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ii) Data from Table 42.6 present the comparison of the assessment outcome 

based on the total of all answered questions for all correctly answered 

questions; and it is clear by the increase in the number of responses that 

the personalised e-learning system shows a significant advantage. 

iii) Data from Table 42.9 clearly shows the advantages of using a personalised 

e-learning system to the adaptable type of e-learning system, when the 

number of responses increases. 

 

The above results clearly show the advantages of using PELS to the ALELS, when the 

number of responses is increased in each group. To further understand these elements, 

it is essential to examine the possibility of any relevancy of the type of questions to 

the type of e-learning systems in use. This analysis is carried out in section 6.4.3. 

 

6.4.3 Analysis of records based on RCU 

 

Further to the analysis of the data gathered from learners‟ activities, and as one of the 

main objectives of this research, the investigation to find any relationship between the 

type of content material and their effects on the learner‟s learning performances 

(section 2.8) is presented as follows. In this section, analysis of the learners‟ 

performance based on 33 assessment questions of type recall (R – 7 questions), 

competency (C – 16 questions) and understanding (U – 10 questions) for both types of 

e-learning systems has been done (sections 4.9 and 5.5). The total number of 

responses to those questions is presented in the following table (Table 43): 
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Assessment (not practice) type of questions and their responses 

Question 
ID 

Number of answered questions Type and number of answers (RCU) 

In quantity In % 
All types 

Correctly answered Incorrectly answered 

True False Total True False R C U R C U 

8 15 10 25 60% 40% C 0 15 0 0 10 0 

15 10 15 25 40% 60% C 0 10 0 0 15 0 

16 12 13 25 48% 52% C 0 12 0 0 13 0 

17 12 12 24 50% 50% C 0 12 0 0 12 0 

18 11 13 24 46% 54% C 0 11 0 0 13 0 

19 14 10 24 58% 42% C 0 14 0 0 10 0 

20 11 13 24 46% 54% C 0 11 0 0 13 0 

21 12 12 24 50% 50% C 0 12 0 0 12 0 

22 8 16 24 33% 67% C 0 8 0 0 16 0 

23 11 13 24 46% 54% C 0 11 0 0 13 0 

27 51 20 71 72% 28% U 0 0 51 0 0 20 

29 60 5 65 92% 8% U 0 0 60 0 0 5 

32 25 35 60 42% 58% R 25 0 0 35 0 0 

33 47 12 59 80% 20% R 47 0 0 12 0 0 

36 44 7 51 86% 14% R 44 0 0 7 0 0 

37 34 17 51 67% 33% U 0 0 34 0 0 17 

40 28 17 45 62% 38% U 0 0 28 0 0 17 

41 11 34 45 24% 76% U 0 0 11 0 0 34 

43 14 28 42 33% 67% U 0 0 14 0 0 28 

45 20 25 45 44% 56% R 20 0 0 25 0 0 

46 35 4 39 90% 10% U 0 0 35 0 0 4 

47 34 5 39 87% 13% U 0 0 34 0 0 5 

50 33 4 37 89% 11% R 33 0 0 4 0 0 

51 30 8 38 79% 21% R 30 0 0 8 0 0 

55 24 11 35 69% 31% C 0 24 0 0 11 0 

56 6 29 35 17% 83% C 0 6 0 0 29 0 

60 11 19 30 37% 63% C 0 11 0 0 19 0 

61 19 11 30 63% 37% C 0 19 0 0 11 0 

64 21 10 31 68% 32% C 0 21 0 0 10 0 

65 20 11 31 65% 35% C 0 20 0 0 11 0 

77 19 8 27 70% 30% U 0 0 19 0 0 8 

78 18 9 27 67% 33% U 0 0 18 0 0 9 

79 19 8 27 70% 30% R 19 0 0 8 0 0 

Total 739 464 1203 61.43% 38.57%  218 217 304 99 218 147 

Table 43: Assessment (not practice) type of questions and their responds 

 

As seen in the table above, 61.43% (739/1203*100% = 61.43%) of responses are 

correct compared to 38.57% (464/1203*100%=38.57%) incorrectly answered 

questions. The 37.21% (739-464)/739*100% = 37.21%) better response on the 

number of answered questions could indicate that an e-learning system generally can 
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support the transfer of knowledge and increase performance; however, further 

analysis is needed to clarify this statement. 

 

In this section analysis has been done on the basis of: 

 

i) Analysis of records of all responses from ELS users based on RCU 

(Recall, Competency and Understanding types of assessment question) 

ii) Analysis of records of responses of ALELS users based on RCU 

iii) Analysis of records of responses of PELS users based on RCU 

iv) Comparison of analysis of records of responses from ALELS and PELS 

users based on groups (classified frequencies) and types of question 

(RCU). 
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6.4.3.1  Analysis of records of all responses from ELS users based 

on RCU 

Analysis of learners‟ performance based on Recall, Competency and Understanding 

(RCU) types of question (33 Qs) for both types of e-learning systems is presented in 

the tables below. Table 44, Table 45 and Table 46 present a comparison between both 

adaptable and personalised e-learning system users in three different forms: (i) total 

responses, (ii) correctly answered responses and (iii) incorrectly answered assessment 

questions. 

 

Comparison of learners’ responses to RCU type of questions based on 

both ELSs 

Type of Questions 

 

No. of questions answered 

ALELS PELS Total 

No. % No. % No. % 

Recall (R) 232 26.10% 85 27.07% 317 26.35% 

Competency (C) 325 36.56% 110 35.03% 435 36.16% 

Understanding (U) 332 37.35% 119 37.90% 451 37.49% 

       

Total 889 100% 314 100% 1203 100.00% 
Table 44: Comparison of learners’ responses to RCU type of questions based on both ELSs 

 

True answers 

Comparison of learners’ correct responses to RCU type of 

questions based on two ELSs 

Type of Questions 

 

No. of questions answered correctly 

ALELS PELS Total 

No. % No. % No. % 

Recall (R) 156 29.10% 62 30.54% 218 29.50% 

Competency (C) 158 29.48% 59 29.06% 217 29.36% 

Understanding (U) 222 41.42% 82 40.39% 304 41.14% 

       

Total 536 100% 203 100% 739 100% 

Table 45: Comparison of learners’ correct responses to RCU type of questions based on two ELSs 
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False answers 

 

Table 46: Comparison of learners’ incorrect responses to RCU type of questions based on two ELSs 

 

Based on the data from Table 44, learners using PELS have performed better on their 

recall (R – 27.07% compared to 26.10%) and understanding (U – 37.90% compared 

to 37.35%) types of assessment than ALELS users, who hold a better performance for 

competency (C – 36.56% compared to 35.03%) types of assessment. However, if we 

compare both types of system from only the correctly answered assessment questions‟ 

perspective, new findings show up (Table 45), which are: learners with PELS have 

performed better on recall (R – 30.54% compared to 29.10%) types of assessment 

question than competency (C – 29.06% compared to 29.48%) and understanding (U – 

40.39% compared to 41.42%) types of assessment question. 

These new findings are further analysed in section 6.4.3.2, to learn about any 

indications of relevancy between these data (types of assessment question) and the 

number of answers. In addition to the discussion, the principle of this investigation 

would be based on different types of assessment question and the number of attempts 

taken by learners of both types of e-learning system (adaptable e-learning system 

[ALELS] and personalised e-learning system [PELS]): 

 

 

 

Comparison of learners’ incorrect responses to RCU type of 

questions based on two ELSs 

Type of Questions 

 

No. of questions answered 

ALELS PELS Total 

No. % No. % No. % 

Recall (R) 76 21.53% 23 20.72% 99 21.34% 

Competency (C) 167 47.31% 51 45.95% 218 46.98% 

Understanding (U) 110 31.16% 37 33.33% 147 31.68% 

       

Total 353 100% 111 100% 464 100% 
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(i) Analysis of records of responses of ALELS users based on RCU 

 

Table 47 presents data on the outcome of finding any relationship between learners‟ 

responses on assessment questions and the number of responses for an adaptable 

e-learning system: 

 

ALELS users and comparison of their activities based on different groups and 

types of assessment questions (RCU) 

G
ro

u
p

s 

Class 

Intervals 

Number of questions 

answered in different 

types 

 Percentage of no. of questions answered  

based on total of R, C & U separately 
(e.g. Group A: R/(total for R) = 21/156 = 13.46%) 

 

R C U Total  R C U Total  

A 0.5-9.5 21 0 38 59  13.46% 0.00% 17.12% 11.01%  

B 9.5-28.5 35 5 44 84  22.44% 3.16% 19.82% 15.67%  

C 18.5-27.5 27 16 37 80  17.31% 10.13% 16.67% 14.93%  

D 27.5-36.5 73 137 103 313  46.79% 86.71% 46.40% 58.40%  

Total  156 158 222 536  100.00% 100.00% 100.00% 100.00%  

Table 47: ALELS users and comparison of their activities based on different groups and types of 

questions (RCU) 

 

The outcomes has been analysed in section 6.4.3.2 (below) in comparison to 

personalised e-learning system users. 

(ii) Analysis of records of responses of PELS users based on RCU 

Table 48 (below) presents data on the relationship between learners‟ responses to 

assessment questions and the number of responses for personalised e-learning 

systems: 

 

PELS users and analysis of their activities based on different groups and types of 

questions 

Groups 

Class 

Intervals 

Number of questions 

answered in different 

types 

 Percentage of no. of questions answered 

based on total of R, C & U separately 
(e.g. Group A: R/(total for R) = 7/62 = 11.29%) 

 

R C U Total  R C U Total  

A 0.5-9.5 7 0 12 19  11.29% 0.00% 14.63% 9.36%  

B 9.5-28.5 9 1 14 24  14.52% 1.69% 17.07% 11.82%  

C 18.5-27.5 13 9 14 36  20.97% 15.25% 17.07% 17.73%  

D 27.5-36.5 33 49 42 124  53.23% 83.05% 51.22% 61.08%  

Total  62 59 82 203  100.00% 100.00% 100.00% 100.00%  

Table 48: PELS users and analysis of their activities based on different groups and types of 

questions 
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The outcome has been analysed in section 6.4.3.2 below in comparison to adaptable 

e-learning system users to seek any indication of the type of e-learning system with 

the number of assessment questions answered, and how the learners have performed. 

 

6.4.3.2 Comparison of analysis of records of responses from 

ALELS and PELS users based on groups and types of 

questions (RCU) 

As learners have taken different types of assessment questions categorised by recall 

(R), competency (C) and understanding (U) types, the comparison of their activities 

within two different types of e-learning system (adaptable and personalised e-learning 

systems) have interesting results, as highlighted in the following tables, which would 

confirm hypothesis two in section 1.3 (the relevancy of different types of e-learning 

systems with learners‟ performance). 

 

ALELS and PELS users’ assessment outcome and comparison of their activities 

based on different groups and types of questions (RCU) 
Percentage of no. of questions answered based on the total of R, C & U separately 

G
ro

u
p

s 

Class 
Intervals 

ALELS  PELS  

R C U Total  R C U Total 
 

A 0.5-9.5 13.46% 0.00% 17.12% 11.01%  11.29% 0.00% 14.63% 9.36%  

B 9.5-28.5 22.44% 3.16% 19.82% 15.67%  14.52% 1.69% 17.07% 11.82%  

C 18.5-27.5 17.31% 10.13% 16.67% 14.93%  20.97% 15.25% 17.07% 17.73%  

D 27.5-36.5 46.79% 86.71% 46.40% 58.40%  53.23% 83.05% 51.22% 61.08%  

Table 49: ALELS and PELS users’ assessment outcome and comparison of their activities based on 

different groups and types of questions (RCU) 
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Comparison of ALELS and PELS users’ assessment outcome based on different 

frequencies of learners in each group and type of questions separately (RCU) 

 

The comparison for Recall (R) types of question 

Group ALELS PELS 

Comparison 

Type In % 

A (0.5-9.5) 73.75% 63.33% ALELS 16.45% 

B (9.5-18.5) 56.38% 55.81% ALELS 1.02% 

C (18.5-27.5) 60.61% 78.26% PELS 22.55% 

D (27.5-36.5) 59.28% 63.59% PELS 6.78% 

Table 50.1 

 

The comparison for Competency (C) types of question 

Group ALELS PELS 

Comparison 

Type In % 

A (0.5-9.5) 0.00% 0.00% - - 

B (9.5-18.5) 3.16% 1.69% ALELS 86.98% 

C (18.5-27.5) 10.13% 15.25% PELS 33.57% 

D (27.5-36.5) 86.71% 83.05% ALELS 4.41% 

Table 50.2 

 

The comparison for Understanding (U) types of question 

Group ALELS PELS 

Comparison 

In % Type 

A (0.5-9.5) 17.12% 14.63% 17.02% ALELS 

B (9.5-18.5) 19.82% 17.07% 16.11% ALELS 

C (18.5-27.5) 16.67% 17.07% 2.34% PELS 

D (27.5-36.5) 46.40% 51.22% 9.41% PELS 

Table 50.3 

 

 
Table 50: Comparison of ALELS and PELS users’ assessment outcome based on different 

frequencies of learners in each group and types of question separately (RCU) 

 

 

The following charts (Figure 51, Figure 52 and Figure 53) provide a visual 

representation of the tables above (Table 50): 
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Comparison of records  from ALELS and PELS users based on 

groups and Recall (R) type of questions
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Figure 51: (Figure from Table 50.1) Comparison of records from ALELS and PELS users based on 

groups and recall (R) types of question. 
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Figure 52: (Figure from Table 50.2) Comparison of records from ALELS and PELS users based on 

groups and competency (C) types of question. 
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Comparison of records  from ALELS and PELS users based on 

groups and Understanding (U) type of questions
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Figure 53: (Figure from Table 50.3) Comparison of records from ALELS and PELS users based on 

groups and understanding (U) types of question. 

 

Observation: 

By comparing the number of correctly answered assessment questions on both types 

of questions (as presented in Table 50), it is clear that recall (R) – with 22.55% for 

group C (19 – 27 attempts) and 6.78% for group D (28 – 36 attempts) – and 

understanding (U) types of questions – with 2.34% for group C and 9.41% for group 

D – favour the personalised type of e-learning system more than the adaptable 

e-learning system when the number of users and their attempts to take assessments 

increase. Furthermore, per the observation and analysis above, the situation has 

changed for the learners‟ learning performance while answering competency typed of 

assessment question. The first group “A” (1 – 9 attempts) does not include anything, 

which indicates that either no students have started to work on any competency type 

of assessment, or whenever they started to take that assessment on that topic, they 

have gone through all stages of completing that module, and attempted at least 10 

questions (group B – 10 – 18 attempts). 
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On the other hand, for the first three groups on the competency (C) type of question, 

the same presumption could apply. But the situation changes when the number of 

attempts to take assessments rises (the fourth group). These could indicate the 

flexibility of the learning environment and the opportunity for learners to take 

advantage of having access to all types of e-learning system in an adaptable e-learning 

system rather than a fixed type of e-learning environment in a personalised ELS with 

no option to change their learning preferences. In addition, the irregularity of the 

outcome of competency questions could indicate the level of flexibility of human-

computer-interaction (HCI) factors on the type of systems being used, which is an 

indication of proof of hypothesis (section 2.8). In an adaptable e-learning system, 

learners could have (i) used, or even (ii) got the sense of having access to, the 

flexibility of the environment and as such, learners‟ learning performance is 4.41% 

better than PELS users. These outcomes could be investigated further when there are 

more records produced by an increased number of (i) active learners registered to the 

system, and (ii) topics with more questions of type recall (R), competency (C) and 

understanding (U). 

 

If we take the median of the frequency scale for each group to find any relationship 

between the number of attempts on the assessment question and the correct response 

between, and so to prevent any misinterpretation of data, a scatter graph is drawn to 

make sure that we can calculate linear-based correlation coefficient measures and can 

take the Y=a+bX equation. The section below presents a method for finding the 

correlation coefficient for each type of assessment questions and the system those 

assessment have taken. As the outcome of measuring the linear-based correlation 

coefficient is a number between -1 and +1, they represent different types of 
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relationship between those groups of data. For example, if the outcome is +1 it 

represents a perfect positive correlation between those groups of data; however, if the 

correlation coefficient was 0, then it would suggest that there is absolutely no 

association between any groups of data. Furthermore, the value for a correlation 

coefficient between 0 and +1 would represent the degree of correlation between those 

two groups and the tightness it gets to +1, which means the association is stronger. 

For the relationship between 0 and -1, the same description for 0 to +1 applies as 

above but in the opposite direction (negative). 

 

Analysis of learners’ response based on the type of assessment questions and 

used ELSs 

In this section, the comparison of the correlation coefficient found from learners‟ 

activities on answering questions with their total number of correctly answered 

assessment questions are presented (data are from Table 22). Note that the correlation 

coefficient can be found in the formula below: 
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Where x and y are the sample means of the average data rows 1 and 2, where data row 

1 or x in this example would be the “total number of attempts of different types of 

assessment questions (RCU)” and data row 2 or y is the “number of correctly 

answered questions”. 

i) Learners‟ activities on answering assessment questions are presented in the figures 

below while using an adaptable e-learning system (ALELS) (Figure 54, Figure 55 and 

Figure 56). 
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Correlation between the number of correctly answered questions of 

type recall to its total for ALELS

(Correlation coefficient = 0.860)
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Figure 54: Chart on the comparison between ALELS learners’ number of correctly answered 

questions with the total number of attempts on answering questions of type recall (R). 

 

Correlation between the number of correctly answered 

questions of type competency to its total for ALELS

(Correlation coefficient = 0.826)
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Figure 55: Chart on the comparison between ALELS learners’ number of correctly answered 

questions with the total number of attempts on answering questions of type competency (C). 
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Correlation between the number of correctly answered 

questions of type Understanding to its total for ALELS

(Correlation coefficient = 0.842)
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Figure 56: Chart on the comparison between ALELS learners’ number of correctly answered 

questions with the total number of attempts on answering questions of type understanding (U). 

 

 

ii) Learners‟ activities on answering assessment questions are presented in the figures 

below while using a personalised e-learning system (PELS) (Figure 57, Figure 58 and 

Figure 59). 
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Figure 57: Chart on the comparison between PELS learners’ number of correctly answered 

questions with the total number of attempts on answering questions of type recall (R). 
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Correlation between the number of correctly answered 

questions of type competency to its total for PELS

(Correlation coefficient = 0.781)
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Figure 58: Chart on the comparison between PELS learners’ number of correctly answered 

questions with the total number of attempts on answering questions of type competency (C). 
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Figure 59: Chart on the comparison between PELS learners’ number of correctly answered 

questions with the total number of attempts on answering questions of type understanding (U). 

 

The correlation coefficients found in Table 22 and the figures above (Figure 54 - 

Figure 59) are compared and analysed in Table 51 to present any indication of the 

increase in performance made by different types of assessment question with different 

types of e-learning system. This analysis would conclude another proof of hypothesis 

(sec 1.3) on the relationship between different types of e-learning system (adaptable 
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and personalised ELSs) and their compatible types of assessment question (R-recall, 

C-competency and U-understanding). 

 

Comparison between types of assessment question and their use in different 

ELSs 

Type of 

assessment 

questions 

Type of E-learning 

System and its relevant 

correlation coefficient 

Learners 

performed 

better using 

Comment 

Adaptable Personalised 

Recall 0.860 0.904 

Personalised ELS 

9.05/0.860 = 1.05 

Or 

(1.05-1)/1.05*100 

= 4.88% 

Indications of 4.88% 

better performance 

achieved by a recall type 

of assessment question 

with a personalised type 

of ELS 

Competency 0.826 0.781 

Adaptable ELS 

0.826/0.781=1.06 

Or 

(1.06-1)/1.06*100 

= 5.43% 

Indications of 5.43% 

better performance 

achieved by a competency 

type of assessment 

question with an 

adaptable type of ELS 

Understanding 0.842 0.885 

Personalised ELS 

0.885/0.842 = 

1.51 

Or 

(1.51-1)/1.51*100 

= 4.89% 

Indications of 4.89% 

better performance 

achieved by an 

understanding type of 

assessment question with 

a personalised type of 

ELS 
Table 51: Comparison of correlation coefficient between different types of assessment questions 

and their use in different types of ELSs. 

 

Table 51 indicates that (i) the use of personalised e-learning systems could support 

and increase learners‟ learning performance while using recall (with a correlation 

coefficient of 0.904 compared with 0.860 or 4.88%) and understanding (with a 

correlation coefficient of 0.885 compared with 0.842 or 4.89%) types of assessment 

questions, and (ii) the use of competency (with a correlation coefficient of 0.826 

compared with 0.781 or 5.43%) types of e-learning system can increase their learning 

performance if adaptable ELS is used. 
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6.5 Conclusion 

To conclude this chapter it is vital to the discussion presented, to say that the quantity 

of samples in this investigation are the key to understanding the effectiveness of 

learners‟ learning preferences in different e-learning systems. Furthermore, the 

duration of the course is another factor to be considered when a learner learns a new 

topic or revises for it, so concepts of “prior burst”, “midterm burst” and 

“prior-posterior burst” learning performance could be further investigated (Daniel & 

Virgilio 1998). However, this argument could not be made, since the duration of 

course was not sufficient and so the data gathered from learners‟ interaction with the 

system was not adequate to investigate the hypothesis in that term. Hence, another 

perspective was deemed necessary to examine the outcome of learners‟ activities in 

the learning environment so to evaluate the hypothesis given in section 2.8. 

As we clearly see in the tables and diagrams above (Table 50, Table 51, and Figure 51 

to Figure 59), they confirm the hypothesis presented at the beginning of this research 

(section 2.8), in which: “Analyses given above indicate that a learner‟s behaviour 

would be compatible with an environment where it has been set for him/her by the 

learning environment.” This means that the concept of guided education makes an 

adequate conclusion that if learners have all the freedom to navigate through learning 

contents in a controlled learning environment, in the form of using personalised 

e-learning systems (PELS), the learning performance could be improved if only recall 

(R) and understanding (U) type of content materials are used (indication of 4.89% - 

average and rounded of 4.88% and 4.89%). But the use of a competency (C) type of 

content material would indicate an increase in performance if an adaptable e-learning 

system (ALELS) is used (indication of 5.43%). 
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These conclusions show an interesting corollary to the type of learning environment 

created in the traditional face-to-face classrooms. In a traditional teaching classroom 

where pedagogical instruction is practiced, lecturer takes the learner through a 

predefined set of explanations for the purpose of teaching and as such during these 

sessions the teacher is in control and that would be the responsibility of learner to 

adapt to the learning environment. In terms of the delivery of types of knowledge 

(basic, procedural and conceptual knowledge), the lecturer uses different methods of 

instructions while teaching those topics. This is where lecturer aims at using 

pedagogical method to show learners how a topic can be understood based on three 

different types of knowledge. In lectures and tutorials, learners learn how to practice 

on “basic” and “conceptual” types of gained knowledge based on recall and 

understanding types of assessment questions, and in laboratory sessions, learners are 

given more control and learn how to practice their procedural knowledge to gain 

necessary competency on a topic. Hence, to reflect back on considering traditional 

learning style in terms of developing learning materials, experiential learning is the 

foundation stone of learning skills to raise the competency of a learner, which is what 

is shown here. 

On the other hand, the relationship between the control given to either the learner or 

the system can be compared to a negotiation table, where if the control is given to the 

system, the learner expects to see an improvement in his/her learning performance, or 

when the control given to the learner for the selection of content materials based on 

their learning style, the system expects to be given direction on what to choose and 

how the selected content materials are to be delivered to the learner. This negotiation 

has already been practised in traditional classrooms. Learners by giving up on their 

freedom of the measure of learning control expect to see improvement in their newly 
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learnt knowledge and learning performance. On the other hand, the teacher also would 

expect to see an improvement on the method of selection of topics by learners and 

their gained knowledge when a measure of learning control is given to them. As said 

earlier, this type of negotiation takes place, explicitly or implicitly, every time a 

teaching session is in process. 
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Chapter 7 Conclusion and Future Work 

7.1 Overview 

To investigate the relationship between learners‟ learning performance based on i) 

their learning preferences, and ii) in different types of learning environment 

(adaptable and personalised e-learning systems), a revised hypothesis was developed 

(section 2.5.6) based on the survey done on UK‟s higher educational institutions, and 

by design and development of two above mentioned e-learning systems learners‟ 

activities were tracked down to seek any evidence exist in terms of proof or disproof 

of hypothesis. The data outcome was analysed and so forth the conclusion of this 

research is presented here. In short, this chapter is the concluding chapter in this 

research on theoretical discussions and applications of adaptability and 

personalisation of e-learning systems, which is given in the first section of this 

chapter. The second section presents a variety of ways of expanding this project into 

different areas involved with the educational philosophies, applied epistemology, 

design and development of e-learning systems and content material with the 

discussion on engineering of learning objects that have been presented. 

 

7.2 Conclusion and Understanding of the outcome 

In the light of findings from the outcome of learners‟ activities there are indications, 

which provide evidence on having a relationship between the type of e-learning 

system they use as a means of gaining knowledge on a topic and their learning 

preferences. Since the type of learning environment provides different measures of 
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control to the learner depending on the type of instructional method the system has 

been based on, the learner can perform differently to the requirements of that learning 

environment. In order to consider the possibility of having content materials‟ effects 

on learners‟ performance, the dependency of assessment questions to the type of 

knowledge (basic, procedural, and conceptual types of knowledge – section 2.4) is 

used which in turn defines a learning environment. 

To conclude this research the following factors which were associated with the 

investigation in hand and to observe that if there are any relationships between i) 

types of learners‟ learning preferences, ii) types of e-learning systems and iii) 

learners‟ learning performance. This discussion is in two main categories: 

A) Analysis of the data outcome from assessment based perspective 

Discussions about the types of assessment questions and their association to the 

learning environment while learners work on a series of topics to gain necessary 

knowledge, have shown interesting results, especially in terms of a given measure of 

control: 

Types of e-learning systems presented a major role in this research with the 

consideration of types of learning assessment questions. Since it was decided (section 

4.7) to have two types of e-learning systems named as adaptable and personalised 

e-learning systems (ALELS and PELS), types of control over content materials were 

clearly presented by different types of learners‟ interaction with learning materials, as 

results of their assessments explained in section 6.5. Three types of assessment 

questions – recall (R), competency (C) and understanding (U) – presented different 

outcome for learners‟ learning performance. The learners with access to adaptable 

e-learning system (ALELS) illustrated a better performance while interacting with 

competency (C) types of assessment questions, an indication of 5.43% - to be precise 
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0.826 compare to 0.781 in terms of correlation coefficient (Table 51). On the other 

hand learning performance of learners with access to personalised e-learning system 

(PELS) indicated an increase in their learning performance while interacting with 

recall (R) and understanding (U) types of e-learning system – an indication of 4.88% 

for recalling learnt materials – to be precise 0.904  compare to 0.860 in terms of 

relevant correlation coefficient; and an indication of 4.89% for understanding type of 

learnt materials – to be precise 0.885 compare to 0.842 in terms of relevant correlation 

coefficient. 

With regards to the results and discussion above, it is imperative to mention that since 

the number of students engaged in the study was relatively low, especially when 

broken down into groups, although the statistics are indicative of a trend, these results 

tentatively suggest that trend. Hence the outcome indicates a relevancy between types 

of e-learning systems used with a measure of control given to learners. A measure of 

control over learning environment and its dependency to the type of learning materials 

(in terms of the type of assessment questions) indicated the relevancy of learners‟ 

learning performance to the type of e-learning system. Due to the nature of types of 

learning materials different measure of control is required to have an effect on 

learners‟ learning performance: 

i) Analysis of data on the relationship between the personalised e-learning system 

(PELS) and a measure of control given to learners: 

Based on the type of basic and conceptual knowledge, the type of assessment required 

to measure their effectiveness on learners‟ learning performance, which is a type of 

mental skill. The experiment confirms that learners can perform better in a 

personalised e-learning system. 
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ii) Analysis of data on the relationship between the adaptable e-learning system 

(ALELS) and a measure of control given to learners: 

For the competency type of assessment which is based on procedural type of 

knowledge, the motor skill does support the indication of increase in learners‟ 

learning performance while using an adaptable e-learning system. 

B) Analysis of data outcome from learning philosophies perspective 

In this thesis, the effect of the personalisation of e-learning systems on individuals‟ 

learning performance was studied. The outcome of the analysis mentioned in section 

6.3.3, which concludes discussions of: i) section 6.3.1 on data analysis and findings 

on learners‟ performance based on their learning preferences and VARK- & ARK-

based content materials; and ii) section 6.3.2 on data analysis and finding on learners‟ 

performance based on types of e-learning systems (ALELS and PELS); indicates that 

personalisation of e-learning systems gives a supportive and successful behaviouristic 

and constructivist effect on learner interaction with the learning environment 

(dependent on the type of learning content materials of recall, competency and 

understanding), supported by evidence obtained via assessments. 

Whilst teachers in traditional classrooms (for example by providing different types of 

class activities) do their best to create a learning environment which give learners a 

sense of control over their learning, the pedagogical method of instruction cannot be 

ignored, which in turn means teacher control over learning materials. For independent 

learners, the measure of control is mitigated by the availability of learning resources, 

which have been produced by others, known as teachers or experts in the field.  The 

greater the range of separately authored resources that are available in the system, the 

greater the level of control for the independent learner and the more heutagogic the 

learning environment.  
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Moreover, while they both share the concept and method of putting learners at the 

centre of the learning environment, the main difference exists in the method of 

preparation of content material. Content material is prepared by the lecturer of the 

subject via the andragogy method as opposed to the heutagogy method of transferring 

knowledge in which the learner should prepare that content material in the form of 

investigation on a new learning materials which supposedly be in his/her learning 

method. In that regard, different learning philosophies exist to support these methods, 

as discussed in section 2.2.1. Kirschner, P. A. et al. (2006) present an argument on the 

ineffectiveness of minimal guidance during instruction and how a constructivist, 

discovery approach, a problem-based method, or experiential and inquiry-based 

teachings would not be as effective as direct interaction between teacher and learner 

in the delivery of knowledge. In this regard the prior knowledge of a learner is most 

certainly an element on the effectiveness of heutagogical instructional design, 

however not as attainable as it should be for learners with basic or intermediate level 

of prior knowledge. As Kirschner discusses, whatever methods of transferring 

knowledge are used, a strong, clear and guided instructional method can be more 

productive in directing the learner than letting him/her to go through the flood of 

information to obtain the required knowledge by structuring his/her learning method. 

This understanding is more effective when the pedagogical approach puts learners‟ 

learning style under perspective while learning materials are under production, and 

also to show how effective a method of transferring knowledge can enhance the 

overall performance of the learning outcome of the learner. 

Furthermore, evidence on Chapter 6 provides required support on the argument on the 

effectiveness of thorough study on the use of proper learning philosophy and methods 

of instructional designs. The behaviourism and constructivism approach form one side 
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and the planning for production of learning materials from different perspective based 

on pedagogical, andragogical and heutagogical views from the other side of the 

argument make a distinctive difference between our understandings on learner‟s 

learning performance; and also they are effective on learners‟ learning methods which 

if this effectiveness is based on learners‟ learning preferences. The understanding of 

the physiological learning categories of visual, auditory, reading and writing, and 

kinaesthetic and tactile learning preferences illustrates another approach on how a 

learner interacts with content materials and how this observation can be an element on 

increasing the effectiveness of the interaction between learners‟ and their learning 

performance. Additionally, the learning procedural or competency based material is 

enhanced by control given to learners and heutagogical instructional method be 

applied, recall and understanding type of learnt materials perform in a greater clarity 

of the outcome under andragogy, although some elements of pedagogy are still 

valuable. 

7.3 Contribution of Research 

This research set out to address the hypothesis, “That learners‟ learning performance 

increases more while interacting with adaptable e-learning systems than with 

personalised e-learning systems.” This hypothesis has been proved in part, in that the 

research has demonstrated improved performance in Competency learning using the 

adaptable e-learning system, but the personalised e-learning system has proved more 

successful in Recall and Understanding learning (section 6.5). It can be argued that 

this reflects a clear correlation with existing classroom-based teaching, where students 

are given greater control over their learning in lab-based teaching, where competency 

learning will generally take place, as opposed to lecture and tutorial situations where 
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the tutor remains firmly in control, and recall and understanding learning is 

paramount.  

With regard to the contributions made by this research, firstly the work in designing 

and building an e-learning content selection system, based on learner preferences, is 

novel in that no such system existed when this research began. The consideration of 

the impact of learner control on the learning process, in particular in relation to 

Andragogic and Heutagogic principles, is also novel, and represents the first attempt 

to establish a relationship between e-learning content, according to type, and the 

measure of learner control within the e-learning system.  The fact that a significant 

body of data exists from the investigation in this research, will also be of benefit to 

the research community. Finally, the combination of these outcomes can form the 

basis of a design model for future e-learning systems, where content selection 

according to user preference and differential levels of learner control, relative to 

content type, can be applied to generate more effective learning. 

7.4 Further Work 

7.4.1 Overview 

In this section, areas of applicable to further study have been discussed, in addition to 

other possible fields, which could expand this research further. 

7.4.2 Areas of applicable to further study 

During this investigation, there were many elements involved on design and 

development of a learning management system. How an information system could be 

used for the purpose of delivery of knowledge. How an online learning environment 

could support such activity. How varieties of concepts were investigated to 
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understand core parts of a learning object and how those concepts and findings were 

applied to the design and development of an adaptable personalised e-learning system. 

The above statements are a few ideas which were investigated throughout this thesis 

and the outcome was the ALPELS. However, this is just the beginning of a long 

journey in the field of instructional design, and future studies could be done to expand 

this study. To ease the discussion following areas could be further investigated: 

Learning Object: 

Understanding and learning more about the size and properties involved with this 

structure could be further expanded. As day by day researchers are continuously 

investigating a variety of standards on determining a better structure for its concept.  

Different types of ELSs 

This section could be expanded by further study on involving other variables from 

different types of learning preferences; such as Kolb and Mayers-Briggs type 

indicators‟ tests. It is correct that the personalisation of any e-learning system would 

require involving all available factors based on individual personalities learning 

preferences, and it could expand the number of possibilities to an unknown number, 

but there has to be some point to start learning about what those variables share and 

how those number of variables could come together and shared values. 

Database 

Existing design could be upgraded to a better version to cover more tracking activities 

for future research. This new version could include a better user interface for updating 

metadata to the system; so for example “instructional designers” could go through a 

wizard for that purpose. 
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Web application 

Different technology could be used such as AJAX to ease the process of tracking 

activities. On the other hand, because the environment is known by now, a better 

design could be sketched for the system. 

Other proposals 

In this respect many proposals could be made towards the design and development of 

a new field of further research, however, there are two other main areas which could 

expand this study way further and they are: 

- Studying the effect of each type of ELS on different stages of study in K12 

and higher education. 

- Learner Preference Profiling (LPP), which would discuss further addition to 

learner‟s list of e-learning systems variables. 

 

The following diagram (Figure 60) presents an idea on learner-preference-profiling 

mechanism for the purpose of finding the best possible approach on the selection of 

learning objects. The outcome of the data would be stored on LHDB (the database of 

learner‟s history of activities)(section 4.6 - Figure 15) and be used as sets of 

instantiation values for the varieties of e-learning systems studied on chapter Chapter 

3. 
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Figure 60: A proposed sketch for a Lerner Preference Profiling (LPP) 

 

 

- Although, this will be the main element in designing the next version of APELS 

for sharing information with other peers and lecturers as list of references to other 

external resources or from his/her points of views. 

- On the other hand with the advancements of social networking technologies, it 

sounds feasible to further the research in this term to investigate the effectiveness 

of collaborational e-learning systems. 

 

Sample of Learner Preference Profiling (LPP) 

Physiological Learning Category 

PLC - (VARK) 

Take an Assessment 

on PLC by VARK 

Records on 

PLC 

PP

DB 

Learner‟s Personality 

Characteristic - LPC 

Take an Assessment 

on LPC 

Records on 

LPC 

Learner‟s Multiple Intelligence 

LMI 

Take an Assessment 

on LMI 

Records on 

LMI 

Learning Duration - LD Take an Assessment 

on LD 

Records on 

LD 

Learner‟s Personality Type 

LPT - MBTI 

Take an Assessment 

on LPT by MBTI 

Records on 

LPT 
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7.4.3 Latest research 

The interested reader is advised to check online resources on e-learning systems and 

latest researches from the University‟s eCentre website at: 

http://ecentre.cms.gre.ac.uk/index.php 

This is in addition to the added resources on the list of “References” section of the 

thesis. 

 

http://ecentre.cms.gre.ac.uk/index.php
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Appendix 1 Proposed Forms of e-learning Systems under 

study 
 

 

 

Further to investigation on types of e-learning systems, following presents other 7 

types of ELS which are on the scope of this research. These systems have not been 

developed because of non-feasibility of their complexity of their design and 

development and they could be taken for further research. 
 

ELS (E-Learning System) 

5.6.2 PELS (Personalised E-Learning System) 

5.6.3 ALELS (Adaptable E-Learning System) 

5.6.4 AVELS (Adaptive E-Learning System) 

5.6.5 ALPELS (Adaptable Personalised E-Learning System) 

5.6.6 AVPELS (Adaptive Personalised E-Learning System) 

5.6.7 AAELS (AVALELS) (Adaptive Adaptable E-Learning System) 

5.6.8 AAPELS (AVALPELS) (Adaptive Adaptable Personalised E-Learning System) 

 

„\/ \/ \/ \/ \/ \/ \/ \/  

Appendix 1-1 ELS (E-Learning System) 

 

ELS is a system (categorised in this study and as sketched in Figure 61 as a type of 

explicit Knowledge presenter system which uses Learning Objects for its presentation 

component method. This type of system acts as a Learning Content Management 

System. 

Or in another word: ELS = OCM + OPS-EC (eq ELS) 

Where: ELS = Online Content Management system + an Orderly Presentation of 

related Subjects via existing possible methods of E-Communications. 

ELS = OCM + OPS-EC 

Or a simple Online Content Management + an Orderly Presentation of related 

subjects via existing possible methods of E-Communications. 
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Figure 61: Schematic of ELS 

 

Type of Technique used in Control unit (DMU) for the ELS: 

This is a two stage process (Table 52): 

i. The DMU section of the system receives commands from the learner to prepare 

a list of all available learning objects. The controlling mechanism of the system 

is in the state of CLFF and does not use any library-based data for its decision 

making process. 

ii. The System will move to the state of CLFF to prepare the complete list of all 

available learning objects. 

iii. The system will present the list and now the learner has access to all available 

resources. 

Subjects and their status Status of the controlling unit of the DMU and what learner’s options would 
be through the GUI presented by the system 

Subject State of the 
subject 

The DMU 
through the 
System 

is in the state of CLFF  CLFF  CLFF 

does Receiving an 
order to prepare 

a list of all 
available LOs 

 Preparing and sending 
a list of all available 
LOs 

 The system will 
keep track of 
learner’s activities 

State of interaction between the 
Learner and the system 

     

Learner 
interacting 
through GUI 
decided by 
DMU 

is in the state of Requesting for 
the list of LOs 

 Receiving the list of 
LOs 

 Navigating through 
LOs 

does Searching for 
the available 

 Viewing the list of all  Selecting and 
going through 

COs LOs 

Arrangements of 

the presentation 

User „s 

Feedback 
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options on 
sending the 

command on a 
request for the 

list of LOs 
(navigating 
through a 

webpage and 
looking for a 

link) 

available LOs individual LOs 

Table 52: Stages of techniques and interaction between Control Unit (DMU) and a Learner for 

the ELS. 

 

Appendix 1-2 PELS (Personalised E-Learning System) 

 

PELS (Personalised E-Learning System) is a category of ELS which presents LOs on 

the base of two instantiated values by the system itself (Figure 62); Knowledge 

Assessment (KA) and Learning Preference (LP) values.  After the system on the base 

of CLFF control unit receives values – unchangeable values- list of LOs will be 

developed and be presented to the learner. The system will receive learner‟s feedback 

of interaction only for the purpose of survey and research. 

Further explanations on different types of PELS related category of ELSs have been 

provided in the appendices in the production log. 

 

P(LP0 / LP?, KA0 / KA?) ELS 

1. PLP0+KA0: Personalised e-learning system with instantiated values for both learning 

preference and knowledge assessment by the system itself 

2. PLP0+KA?: Personalised e-learning system with instantiated type of learning 

preference by the system and selected knowledge assessment type via a 

questionnaire 
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3. PLP?+KA0: Personalised e-learning system with instantiated type of learning 

preference via a questionnaire and selected knowledge assessment type 

instantiated by the system 

4. PLP?+KA?: Personalised e-learning system with instantiated type of learning 

preference and selected knowledge assessment via a questionnaire 

The DMU sector of the system makes its decision on the basis of instantiated values 

for both KA and LP. The system will not put the user‟s feedback into decision making 

process. 

PELS = Personalised ELS 

PELS = ELS + (KA0 +LP0) 

 

Figure 62: Schematic of PELS 

 

Type of Technique used in Control unit (DMU) for the PELS: 

This is a three section mechanism (Table 53): 

i. The system instantiated by two values. KA and LP. At this stage the system is in 

the state of CLFF. 

ii. From now on, the system is on the control of creating and preparing a list of 

learning objects based on instantiated values of KA and LP. 

iii. At this stage, it is the will of the learner to navigate through existing, accessible 

and relevant learning objects. 

COs LOs 

DMU 

ELS + (KA0 + LP0) 

User „s 

Feedback 
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iv. The system interaction would be on the basis of CLFF from learner‟s point of 

view, as all he sees, is that the system receives feedback from somewhere and 

interacting on the base of learner‟s feedback given to the system. 

Subjects and their status Status of the controlling unit of the DMU and what learner’s options would 
be through the GUI presented by the system 

Subject State of the 
subject 

The DMU 
through the 
System 

is in the state of CLFF  CLFF  CLFF 

does i) Receiving the 
order to access 
the PELS by the 
learner (CLFF); 
ii) The system 
checks for the 
instantiated 
values for KA 
and LP from the 
systems’ library. 

 Preparing and sending 
a list of LOs based on 
instantiated values 

 The system will be 
keeping track of 
learner’s activities 

State of interaction between the 
Learner and the system 

     

Learner 
interacting 
through GUI 
decided by 
DMU 

is in the state of An index list of 
sending 
requests 

 Receiving a list of LOs 
decided by DMU 

 Navigating through 
LOs 

does Requesting to 
view the list of 

LOs  

 Viewing the list of LOs  Selecting and 
going through 
individual LOs 

Table 53: Stages of techniques and interaction between Control Unit (DMU) and a Learner for 

the PELS. 

 

 

Appendix 1-3 ALELS (Adaptable E-Learning System) 

In this category, LOs would be chosen by DMU on the base of identifying a learner‟s  

Knowledge Assessment and/or Learning Preference (LP) and then creating LOs based 

on those instantiated values of KA-LP related content materials (Figure 63). 

ALELS = ELS + LP
S
-KA

S
-CO [ELS + LPVARK

Static
-KA

Static
-CO] 

LPVARK
S
-KA

S
-CO: Static type of learning preference-based with static type of 

knowledge assessment-based content objects, where LP is based on VARK 
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assessment and it is determined statically via a questionnaire. The same thing goes to 

KA, by having an outcome of a knowledge assessment test. 

Above values could be altered again via a set of options provided by control unit. In 

another word, once they have been determined, they will not be changed by the 

system but the learner. The learner has the option of changing the LP and KA based 

key element as many times as he/she wants to. Content materials contain all course 

materials. 

 

Figure 63: Schematic of ALELS. 

 

Different possible types of AL(LP0 / LP?, KA0 / KA?) ELS 

1. AL-LP0+KA0: Adaptable e-learning system with instantiated values for both learning 

preference and knowledge assessment by the system 

2. AL-LP0+KA?: Adaptable e-learning system with instantiated type of learning 

preference by the system and selected knowledge assessment via a questionnaire 

3. AL-LP?+KA0: Adaptable e-learning system with instantiated type of learning 

preference via a questionnaire and instantiated selected knowledge assessment by 

the system 

4. AL-LP?+KA?: Adaptable e-learning system with instantiated type of learning 

preference and selected knowledge assessment via a questionnaire 

Type of Technique used in Control unit (DMU) for the ALELS: 

This is a three section mechanism (Table 54): 

COs LOs 

DMU 

ALELS = ELS + LPVARK
S
-KA

S
 

User „s 

Feedback 
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i. A learner takes an LP-KA test (Learning Preferences/Knowledge Assessment 

test). The system updates learner‟s learning profile with new information and 

stores them in a library so to be accessed by the DMU later on. 

ii. By the completion of test(s), the control unit would make its decisions on the 

base of learner‟s test outcome(s) and creates a new list of Learning Objects. This 

list will be presented to the learner at the time of his request. At this stage the 

control unit is on the state of CLFF which in turn it will make its decisions 

based on feedbacks received from learner.  

iii. At this stage, it is the will of the learner to navigate through existing, accessible 

and relevant learning objects. 

Subjects and their status Status of the controlling unit of the DMU and what learner’s options would 
be through the GUI presented by the system 

Subject State of the 
subject 

The DMU 
through the 
System 

is in the state of CLFF  CLFF  CLFF 

Does Updating LH-DB  Preparing a list of LOs 
based on LP-KA-based 
outcome from the 
library and by reading 
instantiated data 

 The system will be 
keeping track of 
learner’s activities 
and checking if 
there is another 
update on his 
Knowledge 
assessment 

State of interaction between the 
Learner and the system 

     

Learner 
interacting 
through GUI 
decided by 
DMU 

is in the state of LP/KA Test  Receiving a New list of 
LOs decided by DMU 

 Navigating through 
LOs 

Does LP and/or KA 
Test(s) 

 Viewing the list of LOs 
developed based on his 
LP-KA 

 Selecting and 
going through 
individual LOs 

Table 54: Stages of techniques and interaction between Control Unit (DMU) and a Learner for 

the PELS. 

 

Appendix 1-4 AVELS (Adaptive E-Learning System) 
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AVELS is a category of ELS, which DMU itself is responsible for recognising 

learner‟s LP-KA (Figure 64). There is no LP test used for determining a learner‟s LP-

KA. Recognising this preference is based on a dynamic interaction with the learner. 

AVELS = ELS +  + LP
D
- KA

D
-CO [ELS + LPVARK

Dynamic
-KA

Dynamic
-CO] 

Different possible types of AV(LP0 / LP?, KA0 / KA 

1. AV-LP0+KA0: adaptive e-learning system with instantiated values for the type of 

learning preference and knowledge assessment by the system 

2. AV-LP0+KA?: adaptive e-learning system with instantiated value for the type of 

learning preferences by the system and the instantiated value for the knowledge 

assessment via a questionnaire  

3. AV-LP?+KA0: adaptive e-learning system with instantiated values for learning 

preferences via a questionnaire and instantiated value for knowledge assessment 

by the system 

4. AV-LP?+KA?: adaptive e-learning system with instantiated values for both learning 

preferences and knowledge assessment via a questionnaire 

LPVARK
D
- KA

D
-CO: Dynamic type of Learning Preference-(and/or)-Knowledge 

Assessment-outcome-based content objects, where LP is based on VARK and it is 

determined dynamically via continues interaction with learner and changes 

continuously with the pass of time. There is no questionnaire used for this purpose. 

Content materials contain KA-based course materials and the type of determined-LP 

by the system. 
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Figure 64: Schematic of AVELS 

 

Type of Technique used in Control unit (DMU) for the AVELS: 

i. A learner initiates the system by starting the interaction process (Table 55). 

ii. As the system does not have any record from the learner, it starts to prepare a set 

of LOs from its instantiated values set by the system. Details of this process are 

given on the next step. 

iii. The learner starts to interact with the system while the system keeps track of 

learner‟s interaction (CLFB). 

iv. The learner will be given a set of LOs on the base of a specific LP-KA (CLFB); 

and then they will be changed to different variables on the base of learner‟s 

feedback in the form of analysing learner‟s learning performance (CLFF). 

v. Now the controlling mechanism of the system would be on the base of CLFF. 

The system already has made a distinction between available types of learning 

objects and ready to present to the learner. At this stage, it is the will of the 

learner to navigate through existing, accessible and relevant learning objects. 

Subjects and their status Status of the controlling unit of the DMU and what learner’s options would 
be through the GUI presented by the AVELS system 

Subject State of the 
subject 

The DMU 
through the 
System 

is in the state of CLFB  CLFB  CLFF 

Does Updating LH-DB 

The library of 

 Preparing a list of LOs 
based on instantiated 
values set by the 

 The system 
continues to keep 
track of learner’s 

COs LOs 

DMU 

AVELS = ELS + LPVARK
D

-KA
D

 

User „s 

Feedback 
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learner’s 
activities 

system  activities and 
checking if there is 
another update on 
his performance 
while using a 
specific type of 
LP-KA 

State of interaction between the 
Learner and the system 

     

Learner 
interacting 
through GUI 
decided by 
DMU 

is in the state of Initiating the 
System 

 Receiving a New list of 
LOs decided by DMU 

 Navigating through 
LOs 

Does Initiating the 
system by 

requesting to go 
through 

available LOs 

 Viewing the list of LOs 
developed based on 
learner’s LP-KA 

 Selecting and 
going through 
individual LOs 

Table 55: Stages of techniques and interaction between Control Unit (DMU) and a Learner for 

the AVELS. 
 

Appendix 1-5 ALPELS (Adaptable Personalised E-Learning System) 

 

>>>   For further information the reader is referred back section 4.8.1.  <<< 

 

Appendix 1-6 AVPELS (Adaptive Personalised E-Learning System) 

AVELS is a category of ELS, which DMU itself is responsible for recognising 

learner‟s LP and KA levels (Figure 65). There is no LP-KA-based test used for 

determining a learner‟s LP. Recognising this preference should be based on a 

dynamic interaction with the learner, in another word, the system should learn on how 

to increase the learning performance of the learner. 

AVPELS = ELS + LP
D
-KA

D
-CO + [LP(0/?)+KA(0/?)] 

AVPELS = ELS + LPVARK
Dynamic

-KA
Dynamic

-CO + [LP(0/?)+KA(0/?)] 

LPVARK
Dynamic

-KA
Dynamic

-CO + [LP(0/?)+KA(0/?)]: Dynamic type of Learning 

Preference-based content objects, where LP is based on VARK and KA are 

determined dynamically via continues interaction with learner and changes 

continuously with time. There is no questionnaire used for this purpose. There is  
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Figure 65: Schematic of AVPELS 

 

Type of Technique used in Control unit (DMU) for the AVPELS: 

This is a three section mechanism (Table 56): 

i. The system is responsible for finding learner‟s LP and/or KA types via 

progressive and continuous changes on changing values for LP-KA instantiative 

values (CLFB). This type of system un-like ALPELS, will not be getting any 

input from the learner. It is a kind of self-contained system where all 

instantiation and changes to the system are done within the system.  

ii. The system updates learner‟s learning profile with this information. 

iii. By finding instantiated values, then the system won‟t change on that specific 

type. By the completion of the test, the control unit would make its decisions on 

the base of learner‟s LP test outcome and creates a new list of Learning Objects. 

This list will be presented to the learner at the time of his request. At this stage 

the control unit is on the state of CLFF. It makes its decisions based on 

feedbacks received from learner. 

iv. From now on, the system is on the control of creating and preparing a list of 

learning objects based on learner‟s learning preferences and knowledge 

assessment outcome of the topic. In this case the system would be on control 

and as such the status of the system would be CLFF. 

COs LOs 

DMU 

AVPELS = ELS + LPD-KAD-CO + [LP(0/?)+KA(0/?)] 

User „s 

Feedback 
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Subjects and their status Status of the controlling unit of the DMU and what learner’s options would 
be through the GUI presented by the system 

Subject State of the 
subject 

The DMU 
through the 
System 

is in the state of CLFF  CLFB  CLFF 

Does Waiting to 
receive the 

initiation 
processing 

message send 
by the learner 

 Updating the library of 
learner’s activities and 
preparing a list of LOs 
on the base of LP-KA 

 The system will 
keep track of 
learner’s activities 
and checking if 
there is another 
update on his 
relevant LP-KA 

State of interaction between the 
Learner and the system 

     

Learner 
interacting 
through GUI 
decided by 
DMU 

is in the state of Starting to 
receive the list 

of LOs 

 Receiving a New list of 
LOs decided by DMU 

 Navigating through 
LOs 

Does Sending an 
initiation 

message to the 
system as a 

request 

 Viewing the list and 
working through 
published LOs 

 Selecting and 
going through 
individual LOs 

Table 56: Stages of techniques and interaction between Control Unit (DMU) and a Learner for 

the AVPELS. 

 

Appendix 1-7 AAELS (AVALELS) (Adaptive Adaptable E-Learning System) 

AAELS is a category of ELS, which is a collection of two types of DMUs (Figure 

66). At the beginning of the course ALELS would determine learner‟s LP-KA via a set 

of questionnaire or by giving an option to select relevant changes to the LP-KA values 

as part of instantiation values. Then the system would continue evaluating learner‟s 

interaction with the system and readjust the LP-KA set by the learner. 

AAELS = AVELS + ALELS 
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Figure 66: Schematic of ALAVELS 

 

Type of Technique used in Control unit (DMU) for the AVALELS: 

This is a three section mechanism (Table 57): 

i. The learner takes the relevant LP-KA test. The system updates learner‟s learning 

profile with this information (CLFF). 

ii. From now on, the system is on the control of creating and continuous updating 

the list of LOs (CLFB). 

iii. Now the controlling mechanism of the system would be on the base of CLFF. 

The system has already made a distinction between available types of learning 

objects and is ready to present them to the learner. 

iv. Learner will navigate through provided LOs and the system will keep track of 

learner‟s activities and his performance to make necessary changes to the 

system. 

 

Subjects and their status Status of the controlling unit of the DMU and what learner’s options would 
be through the GUI presented by the system 

Subject State of the 
subject 

DMU 

COs LOs 

DMU - 2 

AVELS 

User „s 

Feedback 

DMU - 1 

ALELS 
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The DMU 
through the 
System 

is in the state of CLFF  CLFB  CLFF 

Does Updating LH-DB  Continuously updating 
the library of learner’s 
activities based on his 
learning performance 
and preparing a list of 
LOs base on relevant 
LP-KA 

 The system keeps 
track of learner’s 
activities and 
checking if there is 
another update on 
LP-KA 

State of interaction between the 
Learner and the system 

     

Learner 
interacting 
through GUI 
decided by 
DMU 

is in the state of Giving feedback 
on requested 
LP-KA tests 

 Receiving a New list of 
LOs decided by DMU 

 Navigating through 
LOs 

Does Taking relevant 
LP-KA tests 

 Viewing the list and 
working through 
published LOs 

 Selecting and 
going through 
individual LOs 

Table 57: Stages of techniques and interaction between Control Unit (DMU) and a Learner for 

the ALAVELS. 
 

 

Appendix 1-8 AAPELS (AVALPELS) (Adaptive Adaptable Personalised E-Learning 

System) 

The only difference between AAELS and AAPELS is on the updating process of 

relevant LP-KA on the selection of course materials (Figure 67).  

AAPELS = AVPELS + ALPELS 

 

Figure 67: Schematic of ALAVPELS 

 

DMU 

COs LOs 

DMU - 2 

AVPELS 

User „s 

Feedback 

DMU - 1 

ALPELS 
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Type of Technique used in Control unit (DMU) for the AVALPELS: 

This is a three section mechanism (Table 58): 

i. The learner takes the relevant LP-KA test. The system updates learner‟s learning 

profile with this information (CLFF). 

ii. From now on, the system is on the control of creating and continuous updating 

the list of LOs (CLFB). 

iii. Now the controlling mechanism of the system would be on the status of CLFF. 

The system has already made a distinction between available types of learning 

objects and is ready to present them to the learner. 

iv. Learner will navigate through provided LOs and the system will keep track of 

learner‟s activities and his performance to make necessary changes to the 

system. 

Subjects and their status Status of the controlling unit of the DMU and what learner’s options would 
be through the GUI presented by the system 

Subject State of the 
subject 

The DMU 
through the 
System 

is in the state of CLFF  CLFB  CLFF 

Does Updating LH-DB  Continuously updating 
the library of learner’s 
activities based on his 
learning performance 
and preparing a list of 
LOs base on relevant 
LP-KA 

 The system keeps 
track of learner’s 
activities and 
checking if there is 
another update on 
LP-KA 

State of interaction between the 
Learner and the system 

     

Learner 
interacting 
through GUI 
decided by 
DMU 

is in the state of Giving feedback 
on requested 
LP-KA tests 

 Receiving a New list of 
LOs decided by DMU 

 Navigating through 
LOs 

Does Taking relevant 
LP-KA tests 

 Viewing the list and 
working through 
published LOs 

 Selecting and 
going through 
individual LOs 

Table 58: Stages of techniques and interaction between Control Unit (DMU) and a Learner for 

the ALAVPELS. 
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Appendix 1-9 Concluding Remarks [Needs revising] 

In this chapter different key elements involved on the process of making a decision on 

designing an e-learning system were studied. Factors such as decision maker unit, 

feedback-based control systems and learning about categorisation of different types of 

e-learning systems were part of main topics which were discussed in this chapter. The 

current system would be used to gather learners‟ interaction with different learning 

environment based on their learning preferences and so to find any relationship 

between both (types of systems used and their LPs) and their learning performance 

(section 1.3). 

In the following chapter the third phase of the system will be discussed which is the 

development stage of this study. As far as this study is concerned, the framework of 

design and development of the e-learning system would be Adaptable Personalised 

E-Learning System (ALPELS). 
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Appendix 2 Creating a template on developing COs 
 

Table of “Categorising types of COs” could be used and be a benchmark towards 

developing a template for any future creation of LOs. The table would show what 

types of DAs are needed for any COs; and then LO would be developed on the base 

of these COs. 

 

For example let‟s consider developing a LO for one of lessons on “CIS Induction” 

course. 

 

Title of the lesson: Effective Web Searching 

Objectives: 

For simplicity, as part of identifying objectives, let‟s consider its 

manipulated table of contents as a list of Objectives from the following 

web address: 

http://www.lib.ncsu.edu/staff/kcollins/web.html  
so they would be: 

 

 Identifying needs on reasons for web searching 

 Evaluating found contexts 

 Defining a Search Engine 

 Defining Meta-Search Engines 

 Suggested tips on doing a search 

 Defining a Subject Directory 

 Few suggested search engines 

 Defining Citation and Citing Web Sources 

 

 

Paper-based contexts: 

 

Each objective has been described on a paper-based and mostly Text-based form, as 

below: 

 

Start of fulfilling the first objective: 

 

{{{ 
When to Search the Web 

Not all topics are equally represented on the web. Chances are good that you will 

find what you want by searching the web when your topic is related to:  

9. an academic institution (departments, research programs, contact 

information, etc.)  
10. a government agency or non-profit organization (research, 

publications, legislation, etc.)  
11. a well-known organization or business  
12. computers  
13. current newspapers, tv, or radio  

http://www.lib.ncsu.edu/staff/kcollins/web.html
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14. current events/celebrities  
15. something that is interesting to a lot of people, such as cooking or 

movies  
16. anything trendy  

You will be less likely to find what you want on the web when your topic:  

 is over two years old (sometimes only one year)  
 requires in-depth coverage  
 is very narrow  

Keep in mind that if you search only the web, you are limiting yourself to articles 

that the publishers make available for free. Perhaps this is because the publisher 

is a non-profit organization, or because your tax dollars paid for it. On the other 

hand, perhaps it is because they want to sell you something else and can lure you 

in with articles, or so they can sell your wandering eyes to advertisers, or 

because no one would pay for the information. So if you don't want to severely 

compromise your research from the outset, use library databases in addition to 
the web.  

For more on this topic, see The Issue of Quality on the Internet. See also Point. 

Click. Think?: As Students Rely on the Internet for Research, Teachers Try to 
Warn of the Web's Snares. 

For a good introduction to web searching and more, try out TILT, an interactive 

tutorial sponsored by the University of Texas System Digital Library. 

}}} 

 

Other objectives could be configured as above sample. 

 

Content Objects: 

 

http://www.lib.ncsu.edu/eresources/dbfinder.html
http://www.netskills.ac.uk/TonicNG/content/detective/3.html
http://www.lib.ncsu.edu/staff/kcollins/pointclick.htm
http://www.lib.ncsu.edu/staff/kcollins/pointclick.htm
http://www.lib.ncsu.edu/staff/kcollins/pointclick.htm
http://tilt.lib.utsystem.edu/
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Paragraph1: 

Not all topics are equally represented on the web. Chances are good that 

you will find what you want by searching the web when your topic is 

related to:  

 an academic institution (departments, research programs, 

contact information, etc.)  
 a government agency or non-profit organization (research, 

publications, legislation, etc.)  
 a well-known organization or business  
 computers  
 current newspapers, tv, or radio  
 current events/celebrities  
 something that is interesting to a lot of people, such as 

cooking or movies  
 anything trendy  

 

Label 1: 

Title of the 1
st
 section for Layer 2 of Learning Section 

When to Search the Web 

Paragraph2: 

You will be less likely to find what you want on the web when your topic:  

 is over two years old (sometimes only one year)  
 requires in-depth coverage  
 is very narrow  

Label 2: 

Title of the 1
st
 section for Layer 2 of Learning Section 

When to Search the Web 

Learning Section of a Learning Object 
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Label 3: 

Title of the 1
st
 section for Layer 3 of Learning Section 

When to Search the Web - 3 

Paragraph3: 

Keep in mind that if you search only the web, you are limiting yourself to 

articles that the publishers make available for free. Perhaps this is because 

the publisher is a non-profit organization, or because your tax dollars paid 

for it. On the other hand, perhaps it is because they want to sell you 

something else and can lure you in with articles, or so they can sell your 

wandering eyes to advertisers, or because no one would pay for the 

information. So if you don't want to severely compromise your research 
from the outset, use library databases in addition to the web.  

 

Label 3: 

Title of the 2
nd

 section for Layer 4 - Practice Section 

Practice on searching for Web Resources 

Paragraph4: 

For more on this topic, see 

- The Issue of Quality on the Internet 

- Point. Click. Think?: As Students Rely on the Internet for Research, 

Teachers Try to Warn of the Web's Snares 

- TILT 

Practice Section of a Learning Obejct 

http://www.lib.ncsu.edu/eresources/dbfinder.html
http://www.netskills.ac.uk/TonicNG/content/detective/3.html
http://www.lib.ncsu.edu/staff/kcollins/pointclick.htm
http://www.lib.ncsu.edu/staff/kcollins/pointclick.htm
http://tilt.lib.utsystem.edu/
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Now, by separating an existing Text to different paragraphs, next step starts, which is 

developing other types of VARK (in this case, VAWK – WK would be related to 

Output from Human Perspective) out of this text. 

 

In this manner, another skill of instructional designer glorifies its performance as 

being a designer by having the ability of converting variety of Digital Assets together. 

 

V – Form of Paragraph 2 

 

 
 

A – Form of Paragraph 2 

 

 

 

Click here for an explanation.  

 

 

 

After preparing these DAs, now it is time to prepare a sample of COs. 

 

There would be 4 different types of COs as mentioned earlier. 
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CO1:  VA 

 

 
 

Note: in the real demo by clicking on the “Speaker” icon, a reader gives a description 

on what has been presented on the slide above through reading the contents given in 

the slid. 

 

Learning Contents – Search Engines – Searching for a topic 

Metadata: VA 

 

Click here for an Explanation  
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CO2: VR 

 

 
 

 

 

You will be less likely to find what you want on the web when your 
topic:  

 is over two years old (sometimes only one year)  
 requires in-depth coverage  
 is very narrow  

Learning Contents – Search Engines – Searching for a topic 

Metadata: VR 
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CO3: AR 

 

 
 

You will be less likely to find what you want on the web when your 
topic:  

 is over two years old (sometimes only one year)  
 requires in-depth coverage  
 is very narrow  

Learning Contents – Search Engines – Searching for a topic 

Metadata: AR 

Click here for an Explanation  
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CO4:  VAR 

 

 
 

 

 

You will be less likely to find what you want on the web when your 
topic:  

 is over two years old (sometimes only one year)  
 requires in-depth coverage  
 is very narrow  

Learning Contents – Search Engines – Searching for a topic 

Metadata: VAR 

 

Click here for an Explanation 
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Appendix 3 Types and Methods of creating Digital 

Assets 
 

NO VARK 

types 

of DA 

Full 

definition 

How it would be used How it would be 

developed 

1 None None No form of any DA would be 

used 

Nothing to produce 

2 V Visual Just in the form of visual 

output ( such as a photo, graph, 

animation, …) 

By using a photo editor 

application, video 

production tool, Flash, … 

3 A Audio Just in the form of Audio 

output 

By using an audio 

production tool, 

Microphone to record 

voice, a library of sound 

effects, … 

4 R Read / 

Write 

Just in the form Read or Write By using a text editor 

application such as MS 

word, most of other 

applications have this 

capability and it mostly 

depends on what other 

applications have been 

used mostly 

5 K Kinaesthetic 

Tactile 

In the form of Text entry in a 

form by using keyboard, 

moving objects in an 

animation developed by flash, 

…, as this is mostly would be 

used with other types of 

categories (VARK) 

This type of VARK, 

would mostly be 

developed in relation of 

other types of VARK, as 

its main need within the 

category of HCI would 

be to interact with 

computer, mostly flash 

would be a good example 

of  developing 

Kineasthetic type of  

Content Object 

6 VA Visual - 

Audio 

A visible person speaks about 

a picture, a video, an animation 

with moving objects aroung, 

… the main concern here is 

that a voice must be included 

with a visual asset; the sound 

could be  

 

7 VR Visual – 

Read / 

In the form of  a picture with a 

label or an explanation about 

Flash is a sample 

application to develop 
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Write the photo, or in the form of  an 

animation with a label 

(caption) or navationable text 

(eg. by moving text above an 

icon and be prompt by some 

text), also, for Visual Write 

section it  could be used to 

enter records or explanation to 

the system (this method  is also 

partly kinaesthetic) 

such combination. 

However, as described 

earlier, the best method is 

to generate such CO 

dynamically. 

8 VK Visual - 

Kinaesthetic 

An interactive animation is an 

example of such Content 

Object 

Flash could be used to 

develop such CO 

9 AR Audio – 

Read / 

Write 

AR: A block of text with a 

reader who explains the 

contents of  the text, including 

some additional explanation 

AW: Although it is technically 

possible, but a bit difficult to 

generalise it for all users, as it 

needs specific configuration on 

user‟s computer to be able to 

convert user‟s voice to text, in 

form of command or normal 

text 

Whether text converter in 

users machine or pre-

recorded contents would 

be used to develop this 

type of CO 

10 AK Audio - 

Kinaesthetic 

This combination could be 

used on developing CO for 

blind users, as user could use 

either keyboard or special 

mouse or any other entry 

device to interact with the 

system 

The system should be 

able to accept entries 

from the user to in the 

form of a hardware 

mechanical devices 

11 RK Read /Write 

- 

Kinaesthetic 

RK: this could be done by 

presenting text in the form of 

lots of navigation, or moving 

text-based presented objects 

 

WK: Automatically typing text 

in a text-box of a form would 

fall in this category 

Flash would be a good 

example on the list of 

developmental 

application 

12 VAR Visual – 

Audio – 

Read/Write 

VAR: While a picture or 

animation presented it is 

necessary to have some text 

beside the contents including 

visual and audio effects 

 

VAW: this process could fall 

in the category of receiving 

feedback from the user of the 
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system. Although this category 

would automatically include 

partly kinaesthetic, too 

13 VAK Visual – 

Audio - 

Kinaesthetic 

Again presenting digital assets 

in the form of moving objects 

mostly graphics would suit this 

category without the need for 

text, (however, it is better to 

have at least a label to present 

these contents) 

 

14 VRK Visual – 

Read / 

Write - 

Kinaesthetic 

VRK: in this category, there is 

no need to have audio within 

CO, as user probably is more 

comfortable with a quite 

environment 

 

VWK: this method, could be 

used to have user‟s feedback 

without the need for audio 

entries 

 

15 VAR Visual – 

Audio – 

Read / 

Write 

VAR: user likes to have a 

graph or animation with some 

voices (a presenter voice 

and/or audio effects) and some 

text but without much 

interaction with its contents in 

the form of moving objects. 

However it could be counted in 

the form of a stabilised 

presentation without much 

physical activity 

 

VAW: this form of CO could 

be used for receiving user‟s 

feedback in the form of writing 

and no more physical 

interactivity. The writing 

section could be used to give 

command to the system for 

continuation or selection of a 

part of activities 

 

16 VARK Visual – 

Audio – 

Read / 

Write - 

Kinaesthetic 

This CO could be used for 

multi-modal people with 

variety of input/output 

capabilities. 

VARK: to receive information 

from the system by giving 

command to the system 

VAWK: by giving feedback to 
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the system for his specific 

needs and knowledge 

navigation 
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Appendix 4 System of Contents Provider 
 

This appendix analyses requirements of designing a system for AVPELS. Principle of the 

connection between processes of developing digital assets and so developing learning 

preference-based contents materials and up to organising a collection known as learning 

object are discussed here. 

 

 
 

tbl_DAs tbl_COs 

tbl_DAs tbl_COs 

CO_DA 

da1(V) 

da2(A) 

da3(R) 

da4(V) 

da5(A) 

da6(R) 

da7(V) 

 

co1 (VA) = da1 & da2 

co2 (VR) = da1 & da3 

co1 (VA) 

co2 (VR) 

co3 (AR) 

co4 (VA) 

 

Keys:  

tbl_DAs: Table of Digital Assets 

tbl_COs: Table of Content Objects 

CO_DA: Relationship between tables tbl_COs & tbl_DAs 

da: Digital Asset type of record 

co: Content Object type of record 
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tbl_COs tbl_LCs 

tbl_COs 

tbl_LCs CO_LC 

Keys:  

tbl_LCOs: Table of Learning Content Objects 

CO_LOC: Relationship between tables tbl_COs & tbl_LOCs 

CO_PC 

CO_AC 

tbl_PCs 

tbl_ACs 

tbl_COs tbl_LOCs 

Keys:  

tbl_LCs: Table of Learning Contents 

tbl_PCs: Table of Practice Contents 

tbl_ACs: Table of Assess (Assessment) Contents 

CO_LC: Relationship between tables tbl_COs & tbl_LCs 

CO_PC: Relationship between tables tbl_COs & tbl_PCs 

CO_AC: Relationship between tables tbl_COs & tbl_ACs 

(PK) LOC_ID 

LOC_Title 

LOC_Type [Learning, 

Practice or Assess] 

tbl_COs tbl_LOCs 

CO_LOC 

co1 

co2 

co3 

co4 

LOC1(1,L,co1,co2) 

LOC2(2,P,co1,co3) 

LOC3(3,A,co3,co4,…) 
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Figure: 

 

 

tbl_DAs tbl_COs 

DA_CO 

tbl_LOCs 

CO_LOC 

tbl_LOs 

LOC_LO 

V1 V2 V3 

A1 A2 

R1 R2 R3 

VA1 

VA2 

VR1 

VA1 = V1 & A1 

VA2 = V1 & A2 

VR1 = V2 & R1 

LOC1 

LOC2 

LOC3 

LOC1 = VA1 & VR2 
LOC2 = VA1 & VA2 

LOC3 = VA2 & VR1 

LOC is a template based. It means that it 

would look for [VA] type of template 

presentation. [(V)(A)] as there would 

only be 4 types of LOCs: 

[(V)(A)], [(V)(R)], [(A)(R)] & 

[(V)(A)(R)]. 

tbl_Users tbl_VARK 

CO = [(V)(A)] 

Which means, only 

VA type of CO would 

pass though criteria. 
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LOCs are templates for presenting COs. 

That means the main relationship would be between COs & LOs, and their 

presentation would be on the base of LOCs which acts as a link between specified 

COs and their-already-decided COs by VARK specifications. 

 

 
 

Now let‟s have a sample of records for CO_DA relationship. 

 

 

COs 

VARK 

LOs 

tbl_DAs tbl_COs 

CO_DA 

VARK characteristics of CO1: 

VA of CO1 of Sub1: V1A1 

VR of CO1 of Sub1: V1R1 

AR of CO1 of Sub1: A1R1 

VAR of CO1 of Sub1: V1A1R1 

 

VARK characteristics of CO2: 

VA of CO2 of Sub2: V1A2 or  CO-VA = V1A2 

VR of CO2 of Sub2: V1R2 or  CO-VR = V1R2 

AR of CO2 of Sub2: A2R2 or  CO-AR = A2R2 

VAR of CO2 of Sub2: V1A2R2 or CO-VAR = V1A2R2 

 

Or in other words: 

tbl_DAs tbl_COs 

CO_VA 

CO_ID = 1 

DA-V = V1 

DA-A = A1 

CO_ID DA-V DA-A 

1 V1 A1 
2 V1 A2 

3 V2 A3 

 

CO_VR 

CO_AR 

CO_VAR 

CO_ID DA-V DA-R 

1 V1 R1 
2 V1 R2 

3 V2 R3 

 

Key: Sub = Subject = CO 
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Another approach: 

 

 
 

 

tblLO 

LO_ID 

LO_COs 

LO_VARK 

LO_Title 

tblLOs 

LO_ID 

LO_Metadata_Desc 

LO_LC 

LO_PC 

LO_AC 

LO_OB(jectives) 

OR 

OR 

tbl_LC 

LC_ID 

LC_Title (or) 

LC_Subject 

tbl_PC tbl_AC 

Tbl_Subjects 

Sub_ID 

Sub_Title 

OR 

CO_ID DA-V DA-A DA-R 

1 V1 A1 R1 
2 V1 A2 R2 

3 V2 A3 R3 

 

CO[Va, VR, AR, VAR, Subject] 

 

And few sample records would be: 

CO1(V1A1, V1R1, A1R1, V1A1R1, Subject1) 

CO2(V1A2, V1R2, A2R2, V1A2R2, Subject2) 
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Appendix 5 Getting ARK based DAs out of VARK based 

DAs concept 
Appendix A: Getting ARK based DAs out of VARK based DAs concept 

Getting ARK based DAs out of VARK based DAs concept 

 

 &  

 

 

“K” means computer suppose to have a physical interaction with the user. This could be in 

the form of a Treadmill:  or, interaction with ears as the type of interaction 

would be physical movement of “Eardrum”. So, in this case “K” could be converted to 

“A”; and “A” on the other hand means changing the relationship between objects  “A” ≡  

Moving objects and not adding the A  V in User  PC. 

Thus: 

VK  VA (received from PC) 

VK  moving objects at the time of giving feedback. 

 

Keys: 

ETB: Enterable Text Box 

MO: Movable Objects (Pictures or text boxes) 

 

In Movable Objects, relationship changes 

In W (ETB) relationship is constant but number of objects change. (W stands for Write) 

 

That‟s why A V (MO) 

K  (V/W) (either MO/ETB) 

 

D: Dynamic 

S: Static 

For example: [V: S/D  S S+S  V+R] on the table means, there are two possible 

forms of pictures exist; either Static or dynamic types of picture and to give the right 

expression, a reading type of digital asset should be included. 

 

 PC  User  User  PC 

1 V S/D  S S+S  V+R  V ETB/MO 

[it depends on the type of 

application which presents the 

V. If it is a type of movable 

pictures then MO, if it is a type 

of enterable text boxes or even 

PC PC 
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clickable check boxes or radio 

buttons then ETB. 

For the sake of simplicity and 

this project, ETB would be 

chosen when it is possible and 

appropriate.] 

2 A D  A  A MO [ A  V, because 

relationship changes] 

3 R S  S+S  R+V (≡ V+R)  W (R) ETB [even choosing a radio 

button] 

4 K D A  K MO / ETB 

5 VA S/D+D  [Sconverts to 

D so:]  D+D  VA 

 VA MO 

[ETB/MO+MO  MO] 

6 VR S+S  V+R  VR ETB 

[ETB/MO+ETB  ETB] 

7 VK S/D+D  D+D  V+K ≡ 

V+A ≡ VA 

 VK ETB 

[ETB/MO+ETB/MO  ETB] 

8 AR D+S  A+R  A+V   

D+S/D  D+S  VA 

 AR ETB* 

[MO+ETB  ETB] 

9 AK D+D  A+A ≡ A  AK MO 

[MO+MO/ETB  MO] 

10 RK S+D  R+K ≡ R+A ≡ RA 

≡ AR  VA 

 RK ETB 

[ETB+ETB/MO  ETB] 

11 VAR S/D+D+S  V+A+R ≡ 

V+A ≡ VA 

 VAR ETB* 

[ETB/MO+MO+ETB ETB] 

12 VAK S/D+D+D  VA+K ≡ 

VA+A ≡ VA 

 VAK MO 

[ETB/MO+MO+ETB/MO  

MO] 

13 VRK S/D+S+D  VR + K ≡ V 

+ A ≡ VA 

 VRK ETB 

[ETB/MO+ETB+ETB/MO  

ETB] 

14 ARK D+S+D  D+S  AR+A 

≡ AR ≡ VA 

 ARK ETB* 

[MO+ETB+ETB/MO  ETB] 

15 VARK S/D+D+S+D  S/D+D+S 

 V+A+R+A ≡ VAR  

VA 

 VARK ETB* 

[ETB/MO+MO+ETB+ETB/MO 

 ETB] 

 

* MO has the priority over ETB, because a user needs to click on an object before 

dragging it. So when it comes to choosing between MO or ETB, the option would be ETB. 

The same goes to MO+ETB case, as principlely, MO could be counted as ETB and then 

dragging process, so: 

MO + ETB ≡ (MO/ETB) + ETB ≡ (ETB) + ETB ≡ ETB. 

 

 PC  User  User  PC 

1 V V+R as long as it   V ETB/MO 

2 A A (plus R as link and V)  A MO 

3 R R+V (≡ V+R)  W (R) ETB 

4 K A  K MO / ETB 
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5 VA VA (video + audio 

commentary) 

 VA MO 

6 VR Text with picture (R + 

Static V) 

 VR ETB 

7 VK V+K ≡ V+A ≡ VA, 

Physical interaction 

 VK ETB 

8 AR D+S  A+R  A+V 

  D+S/D  D+D  

VA (Static Text with 

short sentences and 

pictures + audio 

commentary) 

 AR ETB 

9 AK A+A ≡ A (Link as text 

R) 

 AK MO 

10 RK R+K ≡ R+A ≡ RA ≡ 

AR 

R+K ≡ R+A ≡ RA ≡ 

AR  VA (but with 

static short sentences) 

 RK ETB 

11 VAR V+A+R ≡ V+A ≡ VA, 

Static short sentences of 

Text would act as 

pictures, Text with 

pictures + Audio 

commentary 

 VAR ETB 

12 VAK VA+K ≡ VA+A ≡ VA 

(Dynamic 

pictures/video + audio 

commentary) 

 VAK MO 

13 VRK VR + K ≡ V + A ≡ VA, 

Static short sentences of 

R would act as V + 

Audio commentary 

 VRK ETB 

14 ARK AR+A ≡ AR ≡ VA 

(Static short sentences 

with audio 

commentary) 

 ARK ETB 

15 VARK V+A+R+A ≡ VAR  

VA (Static short 

sentences + studio 

commentary) 

 VARK ETB 

 

 

As “K” means: 

- Changes in Relationship (such as MO) 

- Changes on the number of objects (Writing ≡ adding characters), but not change on 

Relationship 
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VARK-based Analysis ARK-based switchboard 

VARK category Pc  User User  PC Notes A RT RS K ARK category 

V RSP ETB  0 0 1 1 KRS 

A ARDP MO  1 0 0 1 AKRD 

R RSP ETB  0 0 1 1 KRS 

K ARSP ETB  1 0 1 1 AKRS 

VA ARDP MO  1 0 0 1 AKRD 

VR RSP ETB  0 0 1 1 KRS 

VK ARDP ETB  1 0 0 1 AKRD 

AR ARST ETB  1 1 1 1 AKRS 

AK ARSP MO/ETB * 1 0 0 1 AKRD 

RK ARST ETB  1 1 1 1 AKRS 

VAR ARDT ETB  1 1 0 1 AKRD 

VAK ARDP MO  1 0 0 1 AKRD 

VRK ARDP ETB  1 0 0 1 AKRD 

ARK ARST ETB  1 1 1 1 AKRS 

VARK ARDT ETB  1 1 0 1 AKRD 

         

 

 

That means the second and the third group could fall into two main factors. Input and 

Output tools in the interaction between human and computer; and either from computer 

perspective or otherwise. 

 

Let‟s continue on the base of above categorisation and look at them from learner‟s 

perspective. 

So, the possible outcome would be, for: 

 

Compatible format of Learning Contents – Input – would be: V, A, R (not W), VA, VR 

(not VW), AR (not AW), VAR (not VAW) 

 

Compatible format of Practice and Assess – Input – would be: V, A, R (not W), VA, VR 

(not VW), AR (not AW), VAR (not VAW) 

Compatible formats of Practice and Assess – Output – would be: K, WK (not RK) 

 

As above Content Objects (CO) should be presented in one package, it is necessary to find 

out its availability and its use; for example ways of availability and its usefulness would be 

as following: 1, 2, 3, … 

 

Thus: 

Learning Content (LC) related contexts can‟t have for example just animation, or a video 

streaming without a label or audio commentary. So, it clarifies the main need to have a 

combination of possible DAs (Digital Assets). 

 

LC: VA, VR, AR, VAR 

 

and the same goes to PC (Practice Contents) and AC (Assess Contents): 

 

PC – input: VA, VR, AR, VAR 

AC – input: VA, VR, AR, VAR 
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PC – output: WK 

AC – output: WK 

 

 

Above analysis has identified the best methods towards the best possible combination on 

creating Learning contents (and it goes to PC and AC, too). 

 

That means, while creating digital assets, they should be linked with their related format 

for the production phase of content development. Relationship between individual DAs are 

as follows: 

 

Input: 

V => A, R, AR 

A => R, V, VR 

R => V, A, VA 

 

Output: 

W => K 

K => W 

 

These could be done as described below: 

 

V => A: Any picture, or animation must include an audio DA 

V => R: Any picture, or animation must include a piece of text (DA) such as a 

caption 

V => AR: Any picture, or animation must include a piece of text (DA) such as a 

caption and audio (ex. audio effect, presenter, story teller, …) 

A => R: Any audio DA must include a piece of text, such as a label or caption 

A => V: Any audio DA must include a picture or animation 

A =>VR: Any audio DA must include a visual and textual DA 

R => V: Any piece of text must include a visual DA 

R => A: Any piece of text must include a audio DA 

R => VA: Any piece of text must include a visual and audio DA 

W => K: Any piece of text must be accepted Kinaesthetically, and it is mostly via 

keyboard 

K => W: Any kinaesthetic activity must be accepted via keyboard in the form of text 

entry 

K: Any individual kinaesthetic type of activity must be via a mouse and to be 

used on moving visual objects on the screen. However, this format must be 

supported by a visual or textual type of DA. * 

* this topic needs some further study as it is a complicated matter. 

 

Regarding individually made K type of DA, as mentioned earlier, it must relate to other 

DAs. However, there is a need arises at the time of developing phase, which means, while 

a DAk is under development, it should be mentioned what other type of DAs would be 

involved for the next step of development and that is CO phase. 
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Appendix 6 Draft Proposal of user interface while learner navigating through contents 

materials 
Appendix B: Draft Proposal of user interface while learner navigating through contents materials 

 

 
 

LO Presentation 

 

This page is a presentation environment of an 

individual LO which includes: 

- Navigational bar in the form of last few 

activities; only. It would probably be in the form 

of breadcrumb 

- List of individual LCs, PCs and ACs. They 

would be presented on the base of Learning 

Objectives 

- Each LO includes small feedback form in the 

form of yes/no to give his assessment on the 

type of presented DAs in the form of LC 

 

Further comments on the properties of 

individual LO package: 

- Each Learning Object would be downloaded 

to the screen (on RAM) so learner can 

interact with different parts of Content 

Objects in the form of LC, PC and AC 

Sample of Feedback form for 

individual LC 

 

If more than one DA have been 

accessed a small screen pops up to 

receive his feedback: 
- Which one did you prefer: 

□ A  □ V       □ R 

- Was it worth trying? 

□ Yes 

□ No 

 Why? □ because of quality of DA 

  □because usually I don‟t like 

these type resources in the form of “A” and 

I tried it because I was just curious. 
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Appendix 7 Content material presenter and activity tracking system 
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LOs 

LO1 

LO2 

… 

LOn 

 

Orderly sequence 

of LOs 

LOn = last LO of 

the course 

In both ELS and PELS, above is a true statement of sequences of 

LO1  LO2, which they have been presented. 

More resources… 

A block of text made by 

either JavaScript or 

Flash connected to a DB 

A link to an Audio File 

 

 
Pictures 

Animation 

As part of individual LO in the ELS 

section, learners have the option to choose 

which subject they are interested more and 

why. This approach could be taken on the 

base of his choice on checking resources 

and feedback section will receive the 

reason behind that decision. 
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A structure for the story: 

 

Components of the story: 

Knowledge [Knowledge, Knowledge Transference, Knowledge Management, 

Strategic Knowledge] 

Learning 

 Learning Systems 

 Learning Philosophies 

 Learning Styles 

 Learning Duration 

 Learning  
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Effects of Individual’s Learning Style on Knowledge Transference in Adaptable and/or Personalised E‑Learning Systems 

Knowledge 
Knowledge 
Knowledge Transference 
Knowledge Management 
Types of Knowledge 
Knowledge Conversion 

Learning 

Learning Systems 

Adaptivity and 
Learning Systems 

E-Learning Systems 

AV ELS ALELS PELS 

Advantages and 
Disadvanteges of 

online Learning  

Issues in designing an ELS 

Learning 
Philosophies 

Individual’s Learning Factors 

Learner-centred psychological principles 

Learning Preferences (Styles) VARK-based 

Physiological Learning Category 

Learning Duration 

Learner’s Multiple Intelligence 

Learning Object 

Strategic Knowledge 

Concept of Personalisation 
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Appendix 8 Existing Adaptive systems in Nature 
 

By referring to above discussions on the necessity of having an Adaptive-Adaptable-

Personalised ELS, it is necessary to know that the order is the key factor for a process 

to be adaptable or adaptive. Whatever, the case, the order should be applied to a fuzzy 

system, so to get an organised system. As even if the system itself was compliant by 

the main objective of that process, it would only be a matter of bending the process 

towards those main objectives of the process. Furthermore, researchers have found 

that main issue on having an objective and purposeful order on any fuzzy system is in 

its first kick start, at some point; whether or not this has been issued internally or 

externally, having a start towards a self-organising system is necessary (Heylighen, F. 

2003). This initiative is the main idea behind having an adaptive and/or an adaptable 

system which will be pursued by putting that kick start of initiating the system with 

creating a learner‟s learning style in the system. 

Following are detailed descriptions on seven samples of adaptive systems in nature: 

Thermodynamics and the law of Entropy: Thermodynamics (which is occasionally 

considered as both a thermodynamic system and its environment) studies process of 

heat flow within an environment. That environment often contains one or more 

idealized heat reservoirs – heat sources with infinite heat capacity enabling them to 

give up or absorb heat without changing their temperature; for example, an ocean or 

other large body of water approximates a heat reservoir. In general, a thermodynamic 

system is defined by its temperature, volume, pressure, and chemical composition. A 

system is in equilibrium when these variables have the same value at all points. 

The Second Law of Thermodynamics 
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The second law of thermodynamics is about a cyclic process which is one that returns 

the system (and not the environment), to its original state; a closed cycle consisting of 

two isothermal and two adiabatic transformations. During the Carnot cycle occurring 

in the operation of a heat engine, a definite quantity of heat is absorbed from a 

reservoir at high temperature; part of this heat is converted into useful work, but the 

balance is expelled into a low-temperature reservoir and thus “wasted.” The second 

law is expressed mathematically in terms of the concept of entropy. In all real 

physical processes entropy increases; in ideal reversible processes entropy remains 

constant. Thus, in the Carnot cycle, which is reversible, there is no change in the total 

entropy. 

Comparable to the second law of thermodynamics which is about taking the system 

on a closed cycle and returning an off-balanced system to its original state, would be 

an adaptive process as the entropy led the process to make the balance between 

environment‟s molecules and its container (Encyclopedia, 2007). 

Conclusion 1: Any cyclic process happens without any external coordinator to make 

the balance between environment‟s molecules; in fact, the process occurs through an 

adaptation process on the base of entropy. 

Crystallisation: Crystallisation indicates creation of a structured and organised 

symmetric pattern of dense matter in a solution from a randomly moving molecules 

round each other (the free dictionary, 2007). 

Conclusion 2: The process of creation of such structure occurs with the adaptation 

process between molecules of the liquid. 
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Magnetization: Magnetization is the process of making a substance temporarily or 

permanently magnetic with the insertion of the substance through a magnetic field 

(Figure 68). Spontaneous magnetization is the term used to describe the appearance of 

an ordered spin state (magnetization) at zero applied magnetic field in a ferromagnetic 

or ferrimagnetic material below a critical point called the Curie temperature. 

(Answers-Magnetization, 2007). 

 

Figure 68: Magnetisation, Before and After views 

 

Conclusion 3: The process of the orderly arranged spin of a substance to be inclined 

by an external magnetic field or within Curie temperature is an adaptation process. 

 

Rayleight-Benard Convection Law: Convection of a fluid heated from below, 

characterized by a regular array of usually hexagonal cells (Answers-

BenardConvectionLaw, 2007). 

By heating a layer of fluid from below, the density at the bottom layer becomes 

lighter than at the top thus the system is bottom heavy but does not necessarily 

undergoes convective motion since viscosity and thermal diffusivity of the fluid try to 

prevent the convective motion (Figure 69). Now, if the fluid is heated sufficiently 

large enough, then only the top heavy state becomes unstable and convective motion 

ensues. So, in fact the fluid tries to adapt to this new heated environment (Ghorai, S., 

2003). 
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Figure 69: Rayleigh-Benard Convection Law 

 

Conclusion 4: The process of moving molecules within a liquid is an adapted process 

as there is no external coordinator to follow up and direct the movement of individual 

molecules. 

 

Living Organisms – Plant: The most obvious example of such dissipative systems 

are living organisms. 

• Plants and animals take in energy and matter in a low entropy form as light or 

food. 

• They export it back in a high entropy form, as waste products. 

• This allows them to reduce their internal entropy. 

• Thus counteracting the degradation implied by the second law. 

 

Conclusion 5: This process is also an example of a form of an adaptation by reducing 

entropy of a system. 

 

Tumour: Another sample to the adaptation concept would be tumour, although it is 

better known as an abnormality growth of tissue resulting from uncontrolled, 

progressive multiplication of cells. Malignant tumours are called cancer. Cancer has 

 

Top 
(Cool
) 
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the potential to invade and destroy neighbouring tissues and create metastases. Benign 

tumours do not invade neighbouring tissues and do not seed metastases, but may 

locally grow to great size. They usually do not return after surgical removal. 

Conclusion 6: In a conclusion point, if tumour cell wants to live with other tissues, it 

has to adapt to new situation and then can live longer. 

 

Hybridisation: Literary hybridisation means, “Producing offspring from parents of 

different stock.” Hybridisation is used extensively in agriculture where new forms of 

hardy and disease-resistant plants are produced commercially (Answers-

Hybridization, 2007). In another words, hybridisation is crossbreeding two species to 

create a plant with some characteristics of each parent (Mimi, 2007). 

Conclusion 7: The added or newly created plant needs adaptation for its living in a 

new environment. 

Conclusion of this section (Adaptive Systems in Nature): By reviewing the above 

systems, we can consider the fact that the process of adaptation is a kind of process 

that possesses itself in, with a kind of retrying different methods of communications 

to new conditions by trying varieties of small packages of sticky fork of structured 

sub-systems, to be able to gain the ability of change of the new environment to its 

built structure. This method of changing the new environment to a form which is 

acceptable to its original development system is known as self-organisation method. 
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Appendix 9 Knowledge, Knowledge Management and 

Knowledge Transferring Systems 
 

9.1 Summary 

In this section (i) Knowledge, (ii) Needs for Knowledge Management Systems and 

(iii) Knowledge Transferring Systems are studied. The discussion will also debate 

findings about the relationship between both (a) Individual‟s learning styles and (b) 

knowledge transfer mechanism, based on the concept of strategic-knowledge. 

 

9 1.1 Knowledge and Knowledge Management 

In this section knowledge and the necessity for managing its entities will be discussed. 

Concepts of knowledge, knowledge management, knowledge types and converting 

them into different forms will be studied. 

 

9.1.1.1 Knowledge 

The definition of knowledge comes with the making sense of existing collections of 

information in the form of understanding their purposes, use and the process of 

creating new information. The pattern in which information is created, processed, 

stored and re-created again makes the knowledge about something (Nonaka, 1991; 

Nonaka and Takeuchi, 1995; Haberberg, A. & Rieple, A., 2008, pg. 408-409).  

Knowledge is the fact or condition of knowing “about” or understanding exiting fact; 

and knowing “how to” or the “process” of creating a new fact (Knowledge, 2009). 

Knowledge is the building block of wisdom which includes data, information and the 

process of converting data into information. Knowledge is the raw facts data formed 
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into information with guided actions based upon insight and experience (Morgan G., 

2008). The argument of whether this new information could be explained and used or 

not, and will be explained further in this study. 

 

9.1.1.2 Knowledge Management 

Knowledge like any other entities would require management to apply it in day to day 

life. It requires creating an environment in which the information could be passed 

along to the right person, at the right time, and in a suitable format with insights and 

experiences. A set of processes that creates, captures, stores, maintains and 

disseminates a firm‟s knowledge (Laudon, and Laudon, 2007-pg., 434). As Nonaka 

(Nonaka, 1991; Nonaka and Takeuchi, 1995; and O‟Brien and Marakas, 1999 – pg. 

62) originally defined “knowledge management” and its use in organisations, as “a 

mechanism that creates new techniques, technologies, systems and rewards for getting 

employees to share what they know and to make better use of accumulated workplace 

and enterprise knowledge. In that way, employees of a company are leveraging 

knowledge as they do their jobs. In that view the organisational structure for 

managing those components is known as the knowledge management system.” 

 

9.1.1.3 Types of Knowledge 

The main objective of the knowledge management is the understanding of different 

types of knowledge which have different characteristics. In other words, by 

comparing the body of knowledge to a building structure, it would have a process 

which requires an organisation. In that respect, to understand and learn about its 

components and finding ways to improve its efficiency, knowledge management 

opens up a road map for this purpose. As the cloud of the body of knowledge has an 
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organisational structure, by further understanding of its different types, awareness on 

its characteristics could be added to, and as such its organisational structure could 

perform more efficiently and be the source of its own further development. Changes 

in categorisation of knowledge have been continuously shaping the process of 

creating different methods of interaction. The development of these new forms of 

knowledge categorisation has acted as the focal point of epistemology. (Polanyi, M., 

1962; Polanyi, M., 1966; Nelson & Winter, 1982; Baumard, 1999; Nickols, F. W., 

2000; Grant R. M., 2008) 

 

The core factor of these differences is knowing-how and knowing-about. Basically 

knowing-how is known as tacit knowledge, which is something that can‟t be 

articulated. The knowledge that can easily be expressed and articulated such as factual 

knowledge is known as explicit knowledge (knowing-about). There are two other 

types of knowledge which are concerns of this research. These are Implicit Knowledge 

and Strategic Knowledge. If knowledge has not been articulated but can be, it would 

be called “implicit knowledge”. Strategic Knowledge is about “know-when” and 

“know-why”(Polanyi, M., 1962, Grant R. M., 2008).  

 

Nickols (Nickols, F. W. (2000)) a cognitive psychologist has proposed a view on the 

categorisation of Strategic knowledge by counting it as a subset of other types of 

knowledge. On the contrary, the view of considering an individual‟s decision making 

style as a factor in defining implicit knowledge would give the right to this type of 

knowledge to be a separate category in itself. This is a major key factor in the 

evolving process of personalisation of e-learning systems. 
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Figure 70: A framework for thinking About the Knowledge in Knowledge Management. Adopted 

from: Nickols 2000 

 

As mentioned earlier, Nickols (Nickols, F. W. (2000)) proposed that “Strategic 

Knowledge should be counted as a subset of declarative knowledge (figure 1), its 

definition (know-how and know-why) would permit the strategic knowledge to be 

classified into a separate category based on its description (know-how and know-why) 

and not on how-to views. This separation of a type of knowledge known as “Strategic 

Knowledge” would prepare a ground work towards the involvement of individual‟s-

decision-making-style into categorisation of knowledge. The involvement of 

individual‟s learning style with the process of (i) drawing the boundary between tacit 

and implicit knowledge and then (ii) converting implicit knowledge into explicit 

knowledge would be a strategic approach towards manipulating this type of 

knowledge through an information system. These concepts and processes will be 

explained further in following sections. 
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Congnitivist researcher Nonaka (Nonaka et al. 1996) proposed four different types of 

knowledge conversion processes. They are: a) Socialisation, b) Externalization, c) 

Combination, and d) Internalization processes. These knowledge processes are needed 

to be able to employ a suitable format of tacit or explicit types of knowledge, so the 

newly formed converted knowledge is capable of flowing through different medium 

(types) of knowledge. 

 

Process of Socialisation is meant to be used to transfer the tacit knowledge as 

complete as possible to lessen the error involved in the process through the 

transferring-medium. Researchers have confirmed that it is not an error-free process 

(and as such, it is not possible as a completed process) to transfer tacit knowledge 

through a Knowledge Management System (KMS) (Nonaka, I. and Takeuchi, H. 

1995; Tseng, S. 2008). This approach towards knowledge transferring puts any type 

of knowledge management information system into a part-solution-provider where the 

system would be able to deliver the knowledge in purpose with the support of a 

knowledge-transfer application on the base of knowledge conversion mechanism 

(Nonaka‟s spiral of knowledge creation – Nonaka, 1993). As such, a knowledge 

management system attempts to compensate for the error involved on the process of 

tacit-to-tacit knowledge transfer (in the form of learning) by taking a type of 

knowledge through a series of spiral cycles (Figure 71) known as knowledge 

conversion (Nonaka and Takeuchi, 1995). 
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Figure 71: Knowledge conversion. Source: Adopted from Nonaka & Takeuchi (1995).  

 

Based on the spiral model of knowledge conversion proposed by Nonaka and 

Takeuchi (1995), Figure 71, there is an indication of a solution to the issue of error 

compensation while knowledge of type tacit-tacit transfers. As presented on the 

diagram (Figure 71), (a) in a social mode the tacit-to-tacit conversion process can 

be demonstrated in the form of sharing ideas, presenting technical skills in a 

team-based activity and discussions based on a mental model through 

interaction between class members or a group going through a brainstorming 

session. (b) Externalisation mode is a form of tacit to explicit knowledge 

conversion which occurs when explicit knowledge is made of tacit knowledge 

in the form of descriptions, comparisons, hypotheses and models. As Nonaka 

and Takeuchi, (Nonaka & Takeuchi, 1995, 1996) have clearly defined the tacit 

to explicit knowledge conversion processes as an attempt to conceptualise 

images and then their expression in a language, where in this form of 

knowledge conversion, information is mainly used to compile different 

analogies and metaphors for the creation of new knowledge. (c) Combination 
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type of knowledge conversion is the outcome of combining or elaborating 

existing documentations in any session or class to produce new knowledge 

and it is known as the process of explicit to explicit knowledge conversion. 

The outcome of activities of any learning environment aims at combination 

form of knowledge conversion. (Choo, 1998). (d) By internalization mode, 

Nonaka and Takeuchi (1995) defined the mode as the process of conversion 

of explicit to tacit type of knowledge. The process of sharing information will 

be in the form of converting explicit knowledge into tacit actions, and could be 

categorised as another form of learning by doing. 

 

Alkhaldi, F.M., & Olaimat, M. (2006) have indicated that the main point behind 

knowledge conversion within a learning environment is that the conversion 

does not happen within the individual teacher or learner but between 

individuals involved within that learning environment. The process of 

knowledge conversion from one type to another and between tacit to explicit 

forms would indicate the process of continuous learning. In another word, the 

knowledge conversion requires interaction between both tacit and explicit 

knowledge and between individuals and groups involved in the learning 

environment. 

 

To conclude, different modes of the knowledge conversion process require 

four modes of interaction between tacit and explicit knowledge, as such it 

starts from socialization then to externalisation, to combination, to 

internalization, then again to socialization and so on. At each stage of 

conversion, different kinds of knowledge are being created, over and over 



Appendix 9 

   

  9-8 

again. All the way through current discussion, while the stages of creation of 

different forms of knowledge were explored, the main focus of all those 

distinctions was about the conversion of tacit and explicit knowledge. It should 

be noted that the cycle or process of SECI model (Socialisation, Externalisation, 

Combination and Internalisation) is a constructivist approach towards knowledge 

conversion (Meehan, 1999). Following section discusses the relationship between 

types of knowledge and the process of knowledge conversion (SECI process) to the 

teacher- or learner-centred e-learning systems. 

 

9.1.2 An approach on the delivery of the Tacit knowledge by means of Teacher- and/or 

Learner-centred systems 

The diagram in Figure 71 (Knowledge conversion) (Nonaka, 1995; Nonaka et al. 

1996) shows the main difference between (i) teaching systems with face-to-face 

sessions in traditional classes and (ii) a learning system in its non-tacit delivery form 

of knowledge. This model supports (confirms) the necessity of having the method of 

spiral cycles using a learning system for this purpose (tacit-to-tacit knowledge 

delivery); by taking the concept through the following process: 

The main purpose of teaching in a class is to delivery the tacit type of knowledge to a 

student. As this type of knowledge can‟t be delivered in a perfect form, the error 

caused on its method of delivery should be compensated via taking a spiral cycle of 

converting knowledge into different formats. Thus, a teacher (tutor) documents a 

concept (knowledge to be taught) and so converts that knowledge into a form of 

articulated explicit knowledge through an externalisation process. A content 

management system (CMS) whether to be in the form of an online content provider or 

the traditional face-to-face classes delivers the articulated knowledge in the form of 
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explicit knowledge through a combination process. Then it would be the 

responsibility of the learner to gain and understand as much as s/he could via the 

process of internalisation to transfer the explicit knowledge into tacit knowledge. As 

shown above, knowledge conversion must happen between individuals and not in an 

individual separately. 

 

9.1.2.1 Knowledge Transferring Systems (Teacher-centred, Learner-centred and 

Knowledge Management Systems) 

The main difference between teacher- and learner-centred systems is that each one 

interacts with the articulated knowledge. The process of determining this method of 

interaction could ease the process of defining the boundary of implicit and tacit 

knowledge. 

Teacher-centred systems require face-to-face sessions for their method of delivery of 

knowledge; which requires a socialisation process as a procedural method of sharing 

tacit knowledge. On the other hand because tacit knowledge cannot be articulated then 

the amount of shared knowledge through different processes (teacher-centred in 

comparison to learner-centred systems) would create a completely different form of 

transferred knowledge. Basically, from a knowledge- transfer-system‟s point of view: 

Traditional Teacher-centred Systems ≠ Learner-centred Systems 

The main question here would be how close a learner-centred environment can get to 

a teacher-centred environment? And is there any involvement of personality of 

teacher and learner with the knowledge-transferring environment? 

Answering this question would require further study on different types of knowledge 

and their relevancy together. 
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Following the discussion above (Types of knowledge), teaching environment 

(medium) is a more controllable environment than a learning environment (from 

teacher‟s point of view), because the interaction between teacher and learner involves 

varieties of variables, such as reading student‟s body language (e.g. is the teaching 

material exciting or boring?) and the mood of both parties involved in the class are 

considered factors in the medium of knowledge-transfer. Moreover, in a learning 

environment, the learner him/her self is in control and the procedure which has been 

put in place by an instructional designer should be well designed and sufficiently 

comprehensible to give proper direction to the learner for his/her learning activities. 

 

Despite the fact that content materials between both teacher- and learner-centred 

methods could be the same, in the hope of an equivalent outcome, because of the 

presence of tacit knowledge in teaching materials, the outcome of both methods for 

the purpose of delivery of knowledge will never be the same (as knowledge in the 

form of tacit cannot be articulated), thus: 

 

Outcome of Learner-centred methods ≠ Outcome of Teacher-centred methods 

 

To find a solution for the fact above and how to use, and integrate information 

technology in the form of a knowledge management system, researchers continuously 

are expanding the field in the relation between knowledge management systems 

within the educational framework. 

 

Knowledge Management Systems can support a teaching and/or learning environment 

and be used in the form of a learning system (Alavi, M. and Leidner D. 2001, Raman 
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M. et al. 2005, Hurley et al. 2005). This support would be in the form of knowledge 

transfer. The answer to the question of whether this system can be personalised or not, 

will be discussed further in the following sections.  

 

9.1.2.2 Getting a learner-centred learning environment closer to a teacher-centred 

one 

In order to devise a set of business rules for either teacher- or learner-centred 

environments it is necessary to determine those components (components or 

sub-system of the knowledge creator, knowledge transfer environment and the 

recipients for that knowledge) and then the boundary between them. As such, that step 

would initiate the design and development phases of a semi-tacit-based knowledge 

management system. On the other hand, by further studying shared values and 

identifying differences between the personalisation of teacher- and learner-centred 

environments, this approach would provide evidence in areas which could be 

articulated, specifically based on the philosophy of the learner-centred environment 

and not the teacher-centred one.  The study of identified and articulated knowledge 

would formulate the understanding of key factors involved in defining the boundary 

of the area of implicit knowledge which would support this study in finding relations 

between individual‟s thinking and decision making methods (processes) with the 

existing knowledge in hand (in the form of tacit knowledge). In another word, 

different individuals are having different learning styles, which would be a 

determinant factor of defining those set of business rules in learning management 

systems which will be investigate and defined later on. 
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Figure 72: Categorisation of knowledge and a diagram on the conversion of tacit to implicit 

knowledge 

 

Figure 72 presents a basic idea behind the form of converting the tacit into implicit 

knowledge so to have a form of a usable knowledge on a topic. As such the principles 

of drawing those functions (conversion of tacit into implicit knowledge) should be 

based on the individual‟s learning style. This is the core reasoning behind design and 

development of any Personalisation of ELSs. 

 

9.1.3 Relationship between Learning Styles and Strategic Knowledge 

Learning and understanding of the relationship between an individual‟s learning style 

(which is mainly structured on the bases of an individual‟s decision making process) 

and strategic knowledge requires further study on the concept of learning styles. As a 

learning style would determine one‟s approach towards interacting with an 

environment for the purpose of either gaining knowledge or doing a task, this concept 

would indicate the following relationship as shown in Figure 73. 
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Figure 73: Illustration of the process of personalisation of strategic knowledge creation; updating 

the Nickols (Nickols, 2000) framework on types of knowledge. 

 

Figure 73 proposes an illustration of the process of converting declarative into 

procedural knowledge in the form of tacit knowledge. It clearly shows the process of 

personalisation of strategic knowledge creation, updating the Nickols framework 

(Nickols, 2000) for the procedural approach on the involvement of an individual‟s 

decision making method for selecting a strategy. Furthermore, the process could be 

reversed if the purpose of conversion is to create implicit knowledge out of tacit 
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account that tacit knowledge can not be articulated. As it is mentioned above, the 

personalised strategic knowledge draws a framework for the creation and selection of 

strategies which are based on individual‟s decision making style when it comes to 

dealing with learning new subject (gaining new knowledge), or in another word the 

strategic approach on the selection of a specific strategy is based on individual‟s 

learning style. 

 

Decisions on “how to describe knowledge on a topic”, “when to describe it”, and 

“finding reasons on methods of describing those facts” depend on an individual‟s 

decision making style. In that view the strategic knowledge would be a determinant 

factor in clarifying the relationship between Learning Style, Strategic Knowledge 

(SK) and Knowledge Transferring (KT): 

- KT is the reason for the need of an ELS. 

- LS is the determinant factor on selecting SK 

- SK is about “know-when” and “Know-why” under the category of 

“know-about” 

Figure 74 illustrates the relationship between all three main factors involved in 

defining the personalisation of e-learning systems. 

 

Figure 74: Illustrating the relationship between Knowledge Transferring (KT), Strategic 

Knowledge (SK) and individual’s Learning Style (LS) 
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Details of how relationships between objects in Figure 74 are related have been 

described in Figure 75 and Figure 76 in more detail. 

SK creates a list of options on “know-about” then LS is the factor for selecting the 

specific SK, which would be the determining factor in continuing (or moving) from 

declarative knowledge to procedural knowledge. 

Thus: 

 

Figure 75: High level view of the process of creating Procedural Knowledge from Declarative 

Knowledge. 

 

 

Figure 76: Detailed view of the process of creating Procedural Knowledge from Declarative 

Knowledge. 

 

The product of the Figure 75 and Figure 76 (moving contents from the form of the 

declarative knowledge to procedural knowledge) would be non-articulated 

knowledge, which has been based on individual‟s decision making style.  (Anderson, 

J. R., 1982). A collection of productions is known as Procedural Knowledge. As such, 

a series of IF-THEN statements would be presented and then individuals would make 

a selection based on their understanding of the situation in order to make a choice. 
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This newly configured knowledge is a combination of tacit knowledge with its 

converted form to existing explicit and/or implicit type of knowledge. 

 

BUT, declarative Knowledge needs an additional piece of knowledge in order to 

become procedural knowledge (in the form of additional tacit knowledge and so must 

be converted into explicit knowledge). 

Thus: 

DK + [something]  PK 

Or: 

“Declarative Knowledge” with the addition of “Something” would become 

“Procedural Knowledge” 

By elaborating further to know more on that [something] it could be said that, when 

we see something we start to describe and simulate it to a similar shape or concept 

from the archives in our memory, similar to Polanyi‟s example of picking someone‟s 

face out of a crowd. 

 

But the process (in itself know-how) of giving a description or creating a simulation 

in the memory is tacit knowledge, which can‟t be articulated. Despite the fact that 

there are approaches to finding some implicit knowledge from the process, it should 

be noted that two people‟s approach to obtaining strategic knowledge can‟t be the 

same, as it is tacit knowledge and based on their method of know-how the product of 

knowledge conversion from declarative to procedural format are not the same. 

(Matzler K. et al. 2008) 
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Or in another word, an individual‟s unique decision making method which is key to 

individual‟s unique learning style is a determining factor in approaching to a 

knowledge concept. This individually based unique method establishes a set of roles 

and guidance when it comes to approaching and directing those concepts. The 

interaction with those concepts will be guided by a set of roles which are unique to the 

learner‟s learning style. 

Thus?: 

LS  SK  KT 

“Learning Styles” relates to “Strategic Knowledge” which in turn relates to 

“Knowledge Transfer”. 

 

9.1.4 Conclusion of this section 

This section attempted to present a new understanding in the relationship between an 

individual‟s learning style, strategic knowledge and transferring knowledge. By 

exploring concepts of knowledge, knowledge management, needs for knowledge 

management systems, different types of knowledge, converting them into different 

forms, and knowledge transferring systems have been studied. They are considered as 

core components of any Learning Management Systems. 

 

The main finding here is that strategic knowledge (SK) has an important role in any 

knowledge transfer system (KT) that is affected by an individual‟s learning style (LS). 

These personal characteristics from individuals‟ learning style are determined on the 

base of a personal decision making process which is unique to each person. This 

analysis determines the main difference between teacher- and learner-centred learning 

systems. 
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Perspectives on Transferring Knowledge 

Knowledge transferring mechanisms (machine) acquires learning systems for its 

purpose. As mentioned earlier (in section 9.1.1), knowledge in itself does not make 

any sense and it has to be delivered to another source so to be stored, processed and 

then able to produce new outcome; learning systems have been used for this purpose. 

Learning systems as attempted solutions towards transferring tacit knowledge with the 

support of explicit knowledge through externalisation, combination and internalisation 

processes mimic a form of a knowledge transferring machine (Appendix 9). This 

approach has been used in the research because basically, it is not possible to use any 

kind of machine as a means for the delivery of knowledge in the medium of the 

socialisation process of the knowledge conversion without error in its transference; 

although, there have been few attempts made in this regard on transferring the tacit 

knowledge with the support of systems such as Facebook (Facebook, 2004), Myspace 

(MySpace, 2003), Hi5 (Hi5, 2003), Twitter (Twitter, 2006) and many other social 

network service types of websites. All kinds of social networking service sites, 

attempts to present information on individuals‟ self-sensing and self-expressing 

identities which is the fundamental of ecology of tacit knowledge (Ginger, J., 2008). 

In the light of this argument and understanding of the relationship between the effect 

of tacit knowledge presents in teaching and learning environments, the following 

conclusions can be made: 

a. Teacher-centred learning environment (pedagogical views) 

An environment where a teacher (instructional designer) navigates 

through utilising tacit knowledge to deliver the required teaching 

materials in the form of either explicit and/or implicit knowledge. 
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b. Learner-centred learning environment (andragogical views) 

An environment where an instructional designer acquires the best 

possible method for the delivery of knowledge to work with existing 

teaching materials in the form of explicit and implicit knowledge; and 

then it would be the responsibility of the learner to gain as much 

knowledge as possible as s/he can by navigating through the structured 

knowledge. 

c. Personalised learning environment (Andragogical and Heutagogical views) 

An environment which involves and presents an individual‟s decision 

making method in the form of a learning style through strategic 

knowledge in a learning environment. 

d. Personalised e-learning system (PELS) 

PELS is an environment where the process of finding individual‟s 

learning style would be done through an electronically developed 

system and as such the learner should continue to use the system to 

gain the required knowledge electronically. 

 

There are advantages to designing and developing a learning environment especially 

with the help of technology and as it is one of the main objectives of this research that 

supports the control of a learning environment and updates its teaching materials 

specially on the process of its production unlike a traditional paper-based teaching 

environment which would require a tremendous amount of work to update its content 

materials. Besides, with the support of technology, managing the profile of an 

individual learner‟s learning style and relating this to their required learning materials 
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is much easier compared to the use of teaching classes, which is almost impossible to 

do so. 

Through the evaluation of shared points of views between concepts of (i) an 

individual‟s unique decision making process (method) and (ii) individual‟s unique 

learning style, it could be argued that a unique approach of the method of articulating 

knowledge would support the design and development of a unified form of a 

knowledge-based system. The best form of this type of system is known as 

personalised e-learning system. This would confirm the compatibility of this outcome 

based on an individual‟s understanding of the accessible knowledge in the form of 

converting tacit knowledge into an implicit and then into explicit types of knowledge. 

In addition to the above discussion, a learning system (which provides contents in the 

form of sources of knowledge accessible to the learner), and learner‟s unique learning 

style would support an educational mechanism known as personalised learning 

system. This type of system leads to the design and development of a personalised 

e-learning system. 

KTTK ≡ KTLearning Systems + LS + e  

Where: 

KTTK stands for transferring knowledge of type tacit 

KTLearning Systems stands for learning systems type of knowledge transferring 

LS stand for learning styles 

e stands for dissipation error or the amount of knowledge which is transformed into 

other types of messages while senders (instructors) attempts to convert tacit 

knowledge into explicit knowledge (externalisation process) and learners attempt to 

convert the explicit knowledge into newly formed and constructed tacit knowledge 

(internalisation process). 
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(Knowledge transferring of tacit knowledge is a combined process of knowledge 

transferring systems based on – with the support of – learning systems which have 

been designed on individual‟s learning style) 

 

Or basically to transfer tacit knowledge, a learning system would be required with the 

consideration of learner‟s learning style, known as a personalised learning system. 

ELS + LS ≡ Personalised ELS 

Above relation is another indication for the relevancy of personalised e-learning 

systems with individual‟s learning styles based on strategic knowledge (previous 

section).  

 

The process of assessing existing research in the field of e-learning systems, drives 

the continuous growth in the field of learner-based learning-materials-provider (in 

another word: learner-based content management systems), and has been categorised 

into three major groups in this study. They are:  

- Personalised ELSs (PELS) 

- Adaptable ELSs (ALELS) 

- Adaptive ELSs (AVELS) 

- And combinations of above 

Meanwhile, the perspective of knowledge transferring systems requires further 

exploration of learning philosophies including their approaches on different 

interpretations of teacher-learner interaction. 
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Appendix 10 Investigation of Existing ELS types 
 

As mentioned in section 1.5, 2.3 and Appendix 8, the search started with preliminary 

investigating of existing e-learning systems used by educational institutions in the UK 

[HERO, 2008]. The main objective of this research was to learn about key factors 

included on types of e-learning systems. On that principle, websites of all 195 

universities and colleges were visited, and gathered data were stored on a database 

build for this purpose (Figure 77 and Figure 78). 

The base of this research has been established on searching through each institution‟s 

Web site, their search engines and library‟s web site on finding right materials; as it is 

the best medium for institutions to present their ideas and services. In many occasions 

a link was followed to many other web pages within their related departments and 

their published web pages. Individuals lecturers and staff web pages, related 

conferences‟ reports and many other links have been followed for this reason; so any 

chance of getting any information related to their services on e-learning systems (not 

precisely distance learning) and ideas of establishing their system was searched for. 
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Figure 77: Screen capture of Searched Institutes on the use of e-learning systems’ switchboard 
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Figure 78: Screen capture of the form used for entering information on individual universities’ 

use of e-learning system 

 

Outcome of the preliminary analysis of searched data on Universities and higher 

educational institutions – (gathered in 2004) are presented in Table 59. Data were 

collected based on the website of individual institutions and whatever tools has been 

used as the principle means on using e-learning system. 

 

 Number of Edu. 
Institutions 

Ratio compared to the total number of 
Institutions searched for 

Total No. of Inst. Under 
research 

195 100% 

No. of Inst. Uses eLearning 
Systems * 

90 46% 

No. of Inst Uses particular 
LMS 

56 29% 

No. of Inst Uses Adaptive 
eLearning Systems 

0 0% 

No. of Users of WebCT 29 15% 

No. of Users of BB 16 8% 

* Any electronically based method of technology used for the purpose of 

communication. 

Table 59: Findings from data stored on universities use of e-learning systems 

 

Discussion 

As clearly presented on the Table 59, there is no higher educational institution in UK 

officially uses any type of adaptive e-learning systems as a means of education. This 

point has given this research a boost on finding out what are reasons behind lack of 

this type of adaptivity of e-learning environments in education. 

Main concern of this research was to identify and analyse existing e-learning systems 

to learn about types and methods of presenting knowledge to a learner through their 

applied LMS in their institutions. By modelling those systems and comparing them 
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with existing developed systems, there could be a good sign of having a new 

mechanism of knowledge-presenter through an e-learning system. 

The outcome of the research was that there were few LMSs such as WebCT or 

Blackboard, which provided good facility towards Management of Learning 

environments on line; but on the other hand they needed a skilful instructor to provide 

content materials, which mostly were static type of teaching content materials 

[appendix List-Of-ELSs-and-AIs](the production log). 

There were also some other types of e-learning systems have been developed 

[appendix List-Of-ELSs-and-AIs] (the production log), which used Artificial 

Intelligence as their Learning Management Systems. For example, an animation in the 

form of a tutor presents a subject, as it tries to control the subject (knowledge) 

presentation through a method of communication normally by asking questions or 

explaining a subject. 

However, within existing LMSs, a learner shows that he learns from the system but in 

fact he only reads whatever a tutor has provided him through some context material 

provided on line. There could be some dynamic presentation, too; but still method of 

presentation itself is not active so to say that the learner would learn from a real and 

private tutor. The key point here is not to develop a system which would act as a 

private tutor with few private lessons but the system itself should be able to find the 

best possible method of delivery of content materials and so to be as close as possible 

to learner‟s learning style, which was the core ingredient of this research. 

 



Appendix 11  

   

  11-1 

 

Appendix 11 First Conference Paper – AACE ED Media 

2006 
 

Issues in Design and Development of Personalised 

E-Learning Systems 
M.Dastbaz, A.Mustafa, R.Stoneham 

eCentre – School of Computing and Mathematical Sciences 

University of Greenwich 

 

Abstract 
 

Molyneux (2002) envisaged a future in which everyone will have an electronic personal learning 

associate. Over the past three years there has been much development in realising this vision. 

“Personalised” or “Adaptable” E-Learning systems has emerged as a key research area for both 

educationalists and computer scientists where innovative use of technology is employed in the 

design and development of new learning environments that meet the need of  emerging 

technically competent users. “eLISA” project funded by the “Joint Information Society 

Committee” (JISC) in UK has been a joint effort between Schools of Computing & Mathematical 

Sciences and Education in the University of Greenwich and the University of Oxford‟s 

Department of Educational Studies & Learning Technologies Group, looking at design and 

developments of Personalised E-Learning environments. This paper presents some of the design 

and development methodology used to develop a PELS, which is currently being tested.   

   

Background 
 

Innovation in technology and communications is changing the structure of teaching and learning.  

Wentling, Waight, Gallaher, La Fleur, Wang and Kanfer (2000) describe how several terms have 

been used to characterize the innovation and creation that has been occurring.  Some of these 

terms include web-based learning, online learning, distributed learning, e-learning, computer-

based instruction, to name but a few.  Although there has been much promises, about the e-

learning revolution, using the state of the art multimedia technology, closer scrutiny of what is 

being delivered reveals that much of the e-learning models that are around are little more than the 

old text based computer aided learning running on a global network.  

Kurzel(2004) points out that  researchers in e-learning and educational technologists in  a quest to 

provide improved Learning Environments (LE) for students are focusing on personalising the 

experience through a Learning Management System (LMS) that attempts to tailor the LE to the 

individual (see amongst others Eklund & Brusilovsky, 1998; Kurzel, Slay, & Hagenus, 2003; 

Martinez,2001; Sampson, Karagiannidis, & Kinshuk, 2002; Voigt & Swatman; 2003).  

 

According to Kurzel (2004) this tailoring can have an impact on content and how its accessed; the 

media forms used; method of instruction employed and the learning styles supported.  

 

Issues of “Adaptability” and “Personalising” e-Learning system 

Much research has been conducted about how we learn and how learners learning style affects 

this process. From the behaviourist approach of Skinner and Watson to the constructivism of 

Vygotsky and Piaget there has been an on-going debate on how to develop the instructional 
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design theory in order to provide a much richer learning environment for learners. As traditional 

classes try to accommodate to different learners and learning style (albeit with little success), 

there is an emerging debate about the necessity of e-learning environments to accommodates 

different learning styles. Horton (2000) goes as far ad claiming that personality of learners is also 

an important subject, i.e. are the learners kind of “morning-people” or “evening-people”, 

“sprinters” or “plodders”, “extrovert” or “introverts”. By considering above points during the 

instructional design, learners could be reassured of having flexibility and freedom of learning 

through an e-learning system. 

Research in this field indicates that we are far from being able to pass a unanimous judgement on 

the both technical as well as pedagogical aspects of e-learning in general and personalised e-

learning in particular . There is little empirical evidence that personalisation of e-learning has  had 

any meaningful impact or indeed has any substantial advantage over non-personalised E-learning 

environments (for example see “Learning styles and pedagogy in post-16 learning - A systematic 

and critical review” report by Coffield, Hall, Moseley and Ecclestone (2004)). Furthermore, there 

are also debates as to what is adaptability or how one defines adaptive e-learning systems. 

Kinshuk, P. A., Russell, D. (2002), have classified these in the form of “Adaptable” and 

“Adaptive” systems. In an adaptable system model which is usually called “Personalised System” 

users can modify their settings in the system‟s environment.  As its name indicates, 

personalisation is a process which user controls the system. But in the adaptive model, the system 

is the one which is on the control Ketamo (2003). It is also stated that for the sake of a Complex 

Adaptive Pedagogy (CAP) to be adaptive it should follow three methods. First, the instructor 

must be sufficiently flexible to give up considerable control. Second, students must be adaptive in 

being willing to cope with ambiguity. And third, the broader instructor-student relationship itself 

must be transformed for these mutual adaptive capabilities to be unleashed in this unorthodox 

teaching-learning environment. [Brian Lofman]. 

 

Aims and objectives of this research 

Aims and objectives of this research could be summarised in the following key issues: 

o Modelling the architecture of  Personalised E-learning System environment – looking at 

learning styles and prior knowledge as the mechanism for learners to personalised their 

learning space  

o Develop an E-learning environment containing both a Personalised E-Learning System 

and  an E-Learning Systems and then develop appropriate evaluation methodologies to 

compare the effectiveness of PELS against ELS. 

Learning Styles and Learning Preferences 
 

According to Coffield, Hall, Moseley and Ecclestone (2004) there is different and often 

conflicting assumptions about learning as well as the best-known models of learning styles. Some 

theories discussing learning styles derive from research into brain functioning, where claims are 

made that specific neural activity related to learning can be identified in different areas of the 

brain. Other influential ideas derive from established psychological theories. According to Dunn 

and Dunn (1992, 1993), Students have learning style preferences. They have mentioned 21 

variables that affect learning in five categories: 

 

 Environmental: sound, light, temperature, design 

 Emotional: motivation, persistence, responsibility, structure 
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 Sociological: learning alone, in pairs, with peers, with an adult 

 Physiological: time of day, mobility, food or liquid, intake, auditory, visual, tactual, 

kinaesthetic 

 Psychological: right/left brain, impulse/reflective, global/analytic 

 

Hwang & Wang (2004) studying learners personality and characters have identified other related 

issues which include: ambiguity tolerance, anxiety, field dependence/ independence, and 

active/passive learning, which are  relevant to the work we are doing. 

 

On the base of personality types that were first described by Carl Jung in the 1920's, 

psychologists have found a tool to find people‟s personality type, which could be used as one of 

great tools to develop a personalised eLearning system. However, Mayer and Briggs have 

developed a questionnaire called “Mayers-Briggs Type Indicator”, or MBTI. Individual‟s type of 

personality is divided into 8 categories including: Extraversion; Introversion; Sensing; 

Intuition; Thinking; Feeling; Judging; Perceiving. Myers (1987) felt that all types - regardless 

of favoured preference - would benefit by following a systematic process that involved the 

exercise of all preferences. He stated that:  

“Whenever you have a problem to solve, a decision to make, or a situation to deal with, try 

exercising each process by itself--consciously and purposefully. That way each process can make 

its own contribution to the solution without interference from any other process. Start with your 

perceptive processes (sensing and intuition). Perception should always come before judgment.” 

 

Lawrence (1993) pictured this process looks like a Zigzag through the preferences, beginning 

with Sensing and ending with Feeling. [MBTI personality assessment].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Looking at the extant literature and the numerous approaches to understanding learning styles  we 

also come across a model abbreviated as  VARK which states that the learner could have one of 

the following learning Styles: 

 Visual 

 Auditory 

 Read & Write 

 Kinaesthetic & Tactile 
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VARK is a questionnaire that provides users with a profile of their learning preferences. These 

preferences are about the ways that they want to take-in and give-out information.  According to  

(http://www.vark-learn.com/english/index.asp) VARK is a short, simple inventory that has been 

well-received because its dimensions are intuitively understood and its applications are practical. 

It has helped people understand each other and especially students to learn more effectively and 

faculty to become more sensitive to the diversity of teaching strategies necessary to reach all 

students. Although copyrighted, VARK is free for use in student or faculty development as long 

as attribution is given. It may not be published in paper or electronic form without permission of 

the authors. If used commercially, say for training, a small fee must be paid. 

Some Issues in Design of PELS 
 

While its clearly outside the scope of this paper to critically review all the approaches and 

attempts in developing PELS, it seems that one of the key issues common to any PEL 

development is how we define and implement Learning Objects (LO). Looking at the extant 

literature one could define LO to contain the following five elements: 

- Metadata 

- Objectives 

- Learning contents 

- Practice 

 

 

 
Structure of a Learning Object (Learnativity.org) 

 

Once we have established that our LO consist of  metadata and objectives as well as learning 

contents, which presents knowledge in the form of giving new contents; practice and assess we 

need to develop a mechanism based upon which LOs are developed.  

The set of rules that could be employed is listed below: 

1. By analysing a learning object, its objectives must be identified. 

2. While analysing a LO, its sub sections or individual objectives need to be identified. 

3. In design phase, individual context of V, A and R type of Digital Assets (DAs) must be 

designed, so they will all meet requirements of each individual Learning Objectives. 



Appendix 11  

   

  11-5 

4. Relationship between above, V, A and R would be defined. Mainly there would be 4 

types of relationship. VA, VR, AR and VAR. 

5. These types of information on their relationships would be kept on a section of metadata 

of the learning object. 

6. The type of information (in metadata) would be static. 

7. Up to this stage, individual DAs have been reused for different COs. That means just by 

having proper information kept on a Metadata as a means of structure keeper, the rest of 

information could be developed and presented dynamically. 

8. From now on, learning section of a LO beside other practice section and assess sections 

could be developed easily by having enough information saved in a metadata. 

 

 

 

The Learning Environment Developed 
 

Based on the discussions and concepts presented above our system has been developed. The 

system is aimed as an “Induction Programme” for MSC students who don‟t have a computing 

background and are trying to convert to computing science subject. Using emerging Web 

technologies a web based system is developed that can be accessed using a simple Web browser. 

The system developed uses the VARK questionnaire to allow users to determine their learning 

preference as well as determining the learners‟ prior knowledge in the field. At the heart of the 

system architecture is a decision maker that receives the user‟s requirements and accordingly 

adjust the “Content Material” (CO).  

 

 
The DU unit has communication with 5 other main sections of the system. Table of Content 

Objects (CODB) – the table which made the relationship between other table listed as follow: 

tblDAs, tblCO_LC, tblCO_PC and tbl_AC – DB of Learner‟s History of Learning Preference – 

where system stores Learner‟s activities while interacting with the contents – Learning Styles‟ 

DB (LSDB) – such as Psychological Assessment library – Feedback received from user – in the 

form of „KW or KR‟ + „VA, VR, AR or VAR‟ – and Learning Object package – which acts as an 

outcome of the DMU. 

 

The first and the third packages are just a type of static DB and the second one has a similar 

characteristic except when it gets updated by entries from the user in the form of feedback – 

„Feedback received from user‟ package. These are types of data in response of user‟s activities on 

a presentation, which would update the history of Learners preferences. As it is obvious from this 

process, the DMU has a great reliability on this package (DB of Learner‟s History of Learning 

Preferences – HLPDB). 

 

COs LOs User 

VAR

K 
MBTI 

Decision Maker Unit 
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System Diagram of the PEL 
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Screen Shot from the PEL System Entrance Page 

 

The system is currently in its final beta development stage and will go on-line for testing and 

evaluation with our MSc students during February and March 2006. The evaluation phase will 

concentrate on gathering data on Personalised ELS to see if the personalised nature of the 

learning environment has any impact on the learning outcomes. 

 

The research work carried out thus far as part of eLISA project has resulted in a number of 

interesting findings. The system developed is unique in terms of taking a direct approach in 

determining learners preferences by allowing them to indicate these via a VARK test (as opposed 

to profiling of learners by tracking their behaviour during system usage). Furthermore the system 

allows users to indicate their previous levels of knowledge and allows them to test their prior 

knowledge by going through simple tests in order to direct learners to the right level of learning 

material.  The process has also been very helpful in establishing some key issues particularly 

developing a methodology for the creation of appropriate learning objects. 

 

While we remain very cautious, like many other educational technologist, regarding the whole 

concept of determining learners learning style nevertheless this project has clearly shown that we 

can develop systems that allow users to have a direct input in terms of the type and delivery of 

their learning material. This opens the way for further research in developing more complex 

engine type tools that are capable of holding  large depository of  digital assets on various topics 

and  allow  learners to just indicate their learning requirements and receive a totally  personalised 

learning  system on a given subject area. 
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Abstract 

Following our last study [1] on the effect of individuals‟ learning styles on their learning 

performance, the study pointed out that it is possible to increase the performance up to some 

level with considering learners‟ learning preferences. This paper would expand the 

relationship between adaptability of e-learning systems with existing presentation 

applications. This paper is about an approach on setting up a matrix named as ARK-based 

switchboard and how it is used to relate theoretical-VARK-based with practical approach on 

producing contents materials.  

 

Introduction 

Innovation in technology and communications is changing the structure of teaching and 

learning today.  Wentling, Waight, Gallaher, La Fleur, Wang and Kanfer [2] describe how 

several terms have been used to characterize the innovation and creation that has been 

occurring.  Some of these terms include web-based learning, online learning, distributed 

learning, e-learning, computer-based instruction, to name but a few.  Although there has been 

much promises, about the e-learning revolution, using the state of the art multimedia 

technology, closer scrutiny of what is being delivered reveals that much of the e-learning 

models that are around are little more than the old text based computer aided learning running 

on a global network. This study will be looking at the existing models of e-learning and trying 

to investigate, design, develop and evaluate a more “Personalised” or “Adaptive” e-learning 

environment. 

 

A Need for Learning & Teaching Philosophy 

Arney [3] by proving a short list tried to show a relationship between teacher, knowledge and 

learner. Few points from the list is as follow: 

 Learning needs a medium to occur and it can‟t happen in a vacuum 

 Process of learning is usually facilitated by moving from the known to the unknown 

 Memorizing can‟t be called learning (required more practice and assessment) 

 Different learners, different methods and ways on learning 

Furthermore, based on the theory of constructivism, humans construct their own knowledge 

instead of simply being a passive learner and just receiving information. For the past decade 

many learning model have been suggested towards having a learner-centred educational 

system (Menges [4]; Felder & Brent [5]; Locatis & Weisberg [6]; Sandholtz et al. [7]; Wolf et 

al. [8]). By recent developments in the area of Internet and Multimedia, remarkable 

developments have been made in the area of educational models. Instructional designers and 

mailto:a.mustafa@gre.ac.uk
mailto:m.dastbaz@gre.ac.uk
mailto:r.j.stoneham@gre.ac.uk
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learners have become more obsessed with the WWW for advancing their knowledge in 

today‟s fast growing needs on skilful people in academic related and commercial 

environments. Despite the fact that many researches on educational psychology have been 

being carrying on for the past decades, but still there is a gap on having a set of fully defined 

characteristics exists. However, there are many theory could be found that could be counted 

as a benchmark towards a set of standard for this research.  

 

 

Background 

One of important part of any elearning system is on the method of delivery of contents 

materials. One of these methods includes the personalisation of elearning systems. On the 

base of individual learners‟ learning preferences (LP), specific type of course materials could 

be delivered to the learner and be one of many reasons for an increase on learner‟s learning 

performance. 

As mentioned earlier any personalised elearning system would include two main sections. 

a) Determining learner‟s LP, 

b) Preparing LP related type of course materials in the form of learning object (LO) and then 

deliver it to the learner. 

 

VARK-based LP determiner 

There are varieties of practical tests available which can determine a learner‟s LP up to a level 

(VARK [9], MBTI [Mayer-Brigs Test indicator – [10]] and many more). Although, this 

process would include some level of truthful reply from learners; whereas, on that base, the 

variable of LP could be accepted with confidence. On the other hand, while a content 

developer has a wide range of options on choosing a method for developing course materials, 

one of variables would be developing any course materials according to all types of LPs so to 

fulfil requirements of having a personalised elearning system. 

According to VARK-Based test to identify a learner‟s LP, the outcome of a test would be 

based on categorised on 4 variables, which they are: Visual (V), Auditory (A), Read/Write 

(R) and Kinaesthetic/Tactile (K). There are 15 possible combinations exist and by considering 

interactions from both sides of computer to a user and vice versa, there are 30 different types 

would exist. But this wouldn‟t be a feasible approach. As the number of contents materials 

raise, the amount of work would be tremendous which could raise the question of necessity of 

having any personalised elearning system at first place. 

As mentioned earlier, theoretically it is possible to have 30 different types of contents 

materials, so to fulfil requirements of having a Personalised eLearning System (PELS). But 

even though, there are evidences exist, which not many learners would choose many types of 

VARK. On [2 – MSc induction course] evidences would indicate that only 9 types available 

of combinations options (V, A, R, K, VA, VR, …VARK) have been chosen, which they are: 

V, A, R, K, VK, AR, RK, ARK and VARK. So when performance and feasibility of course 

material development is under consideration, it is possible to have a PELS with good 

performance and less effort on production side. Although, it still needs lots of effort to 

develop at least 9 different types of the same contents materials for different LPs. So it is 

worth to seek an alternative. 

 

ARK-based switchboard 

In this section the concept and structure of a matrix named as ARK-based switchboard has 

been put under study as a core unit of APELS architecture. However, before that it is 

necessary to learn more about the concept of digital asset and its relation with learning 

preferences 
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Concept of Digital Asset 

Digital asset is a metaphor for any kind of digitally produced contents materials such as a 

piece of text, picture, audio, animation and many more which are able to be stored digitally. 

As mentioned earlier, the best approach on developing reusable contents materials is to 

determine what common properties are between varieties of Digital Assets (DA). So the best 

step is to determine the logical similarities between different methods of creating individual 

DAs and then content materials, whether it is a Principal DA (V, A, R & K) or complex DAs 

(VA, …, VARK). 

To clarify the matter, there is a need to define an expression and then determine its 

relationship with other LPs to create varieties of DAs. 

An expression would be created when there is/are relationship(s) between two or more objects 

exist. Similar to a basic concept of a mathematical function: y=f(x), where “f” defines the 

relationship between variable “x” with different entries to create an expression known as “y”, 

if those expressions were to be created and at the same time Learning Preferences are 

considered, the outcome would be in a form of LP-based content materials. 

 

 
Figure 1: A schematic of defining an expression 

 

Thus, the process of creating DAs as shown in figure 2, would mainly depend on the type of 

relationship and its time relatedness. 

 

 

Object(s) Relationship 

Expression 

y = F(x) 
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Figure 2: Process of creating Digital Assets 

On the other hand kinaesthetic effect could cause change on the type of presented DAs (figure 

3); either in the form of interaction with existing DA or starting a new DA in the process 

(figure 4). 

 

Figure 3: Point of interaction between two Digital Assets 
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Figure 4: Different perspective of Kinaesthetic type interaction between two Digital Assets 

 

What is this ARK-based Switchboard 

As development of any content material needs huge amount of time and effort, it is mandatory 

to seek an approach which would consider contents development from this point of view. But 

the main question is how to relate VARK-based types of variables with existing contents 

development applications such as a presentation application (MS PowerPoint). 

As known there are variety of applications exist which could be used for this purpose, either 

professional or basic tools. Whichever tool being used, their last product would fall on one of 

categories based on VARK variables. So, it is possible to categories those products based of 

Basic or Complex VARK variables (V, A, R, K & VA, VR, VK …). On the other hand when 

it comes to develop any contents materials, the last product should include combinations of 

those basic variables so to deliver enough information which would fulfil requirements of an 

Information-Package. For example, a picture (as a digital asset) could deliver some data but 

not enough to fulfil requirements of a fully deliverable information package which would be 

useful and stands on its own without the need for any complex VARK from other data 

sources. This argument confirms that any fully-deliverable-information-package should 

include a combination of those basic variables. This is to confirm a system which named 

ARK- based switchboard. 

According to this switchboard, content developer, has a benchmark to refer to while 

developing content materials. So, while a learner completes the VARK-based test, PELS 

would convert the outcome to a suitable form with the use of ARK-based switchboard. From 

now and then the system and content developer would work on the base of ARK type of 

content materials. 

Transition caused by K 

DA1 

DA2 

Start of presentation End of presentation 
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How ARK-based switchboard works? 

As mentioned earlier, any content materials would include combinations of basic VARK-type 

variables. There is a set of rule on converting possible VARK- to ARK-based variables as 

below. 

ARK-based switchboard 
VARK category A RT RS K ARK category 

V 0 0 1 1 KRS 

A 1 0 0 1 AKRD 

R 0 0 1 1 KRS 

K 1 0 1 1 AKRS 

VA 1 0 0 1 AKRD 

VR 0 0 1 1 KRS 

VK 1 0 0 1 AKRD 

AR 0 1 1 1 KRD 

AK 1 0 1 1 AKRS 

RK 1 1 1 1 AKRS 

VAR 1 1 0 1 AKR 

VAK 1 0 0 1 AKRD 

VRK 1 0 0 1 AKRD 

ARK 1 1 1 1 AKRS 

VARK 1 1 0 1 AKRD 

Table 1: ARK-based switchboard 

Keys: 

A: Audio included K: Interaction included 

RS: Static type of contents materials RD: Dynamic type of content materials 

Note: Because the origin of both text and picture are the same, so in this process, both are counted the 

same. Thus: RP = RT. 

Note: As it is shown, all types of content materials are included interaction (K) type, because 

of using a specific type of Flash producer (Macromedia Breeze). The outcome of this 

application is a type which buttons are used for its navigation through series of slides. So the 

least type of interaction would be in the form of clicking on a button which would be counted 

as a form of interactivity. 

 

Principals of APELS 

Basic idea behind APELS is shown as below (figure 3): 
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ARK-based 

Switchboard 
Content 

Materials - DB 

Decision Maker Unit 

LP DB 

LC PC AC 

Learning Object 

APELS – based 

Contents Materials 
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Figure 3: Principals of APELS 

 

- Learning Preferences: 

Learner‟s learning preferences would be determined by VARK based test. 

 - Contents Materials: 

 Contents materials are developed on ARK-based approach. 

 - ARK-based switchboard: 

This switchboard is used by the system (APELS) and acts as an intermediary between 

learner‟s LP and the type of contents materials; so the system is to be able to choose 

the most compatible form of contents materials and deliver it to the learner. 

 - APELS tracker 

This part of APELS tracks learner‟s activities through out the session while in a 

learning environment. 

 

 

Methodology 

The e-learning system which was developed for this purpose was included a main section 

named as ARK switchboard. It acted as core component of Decision Maker Unit (DMU). 

Learners would start to gain access to the system via a self-registration process. After three 

short assessments of a) Learning Preference Determiner (VARK-based, included 13 questions 

[9]), b) General IT knowledge assessment (included 10 questions) and c) Self assessment 

(included 6 questions), learners have access to the contents materials. However, APELS puts 

learners into two main groups, at the time of registration. They are ELS, and PELS. The ELS 

is a group which its learners are able to change their LP via a user interface during the course 

and PELS are those who are not able to do that. The second group is specifically categorised 

to study the difference between decision makers: “Machine and Human”. The ELS group has 

human based decision maker for choosing course materials and PELS has machine based 

principal. The main purpose of this research is to study the difference between these two main 

groups. 

The outcome of the last experience [11] beta version of the system indicated that there are 

learners who are able to change their LP, have shown some increase on their learning 

performance. Details are in tables 2 & 3. 

Relationship between Assessment 

Performance & Learning Preferences 

  LP/Main Grand Total 

  UP DOWN No attempt 

V   5%   

A   3%   

R 8% 3% 5% 

K 5%     

VK   3%   

AR 3% 3%   

RK   5%   

VRK 5% 5% 3% 

VARK 24% 14% 5% 

Subtotal: 46% 41% 14% 

Total:     100% 
 

 Relationship between Assessment 

Performance & ARK based contents 

materials 

  LP/Main Grand Total 

  UP DOWN No attempt 

RS 3%     

RD   3%   

ARS       

ARD   3%   

KRS 8% 8% 5% 

KRD     3% 

AKRS 5% 3%   

AKRD 30% 24% 5% 

Subtotal: 46% 41% 14% 

Total:     100% 
 

Table 2: Assessment Performance and LP  Table 3: Assessment Performance and ARK-

based contents materials 
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During the period of the course when the system was accessible, 71 learners accessed APELS, 

59 learners took the VARK test and determined their LP and 37 learners attempted practice 

and assessment section of contents materials. 
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Discussion 

On the base of preliminary analysis of outcome, following topics were found: 

1- By the use of F-table, T-table, the minimum average and probability of 5% level of 

distribution, outcome indicates that learners can be divided into 11 groups of time spent on 

overall topics. 

2- Progress on learners‟ learning performance can be divided into three groups: 

 i) Advancements on Learning Performance 

 ii) No Change on Learning Performance 

 iii) Decline on Learning Performance 

Advancements on Learning Performance 

a- Learners with “R”, “K” and “VARK” based LP have shown great advancements on their 

learning performance by doing better on their assessments. 

b- Learners with accessibility of contents materials of type “RS”, “AKRS” and “AKRD” have 

shown a great deal on their learning performance by doing better on their assessments. 

No Change on Learning Performance 

a- Learners with “AR” and “VRK” based LP have not shown much change on their 

learning performance. 

b- Learners with accessibility of contents materials of type “KRS” have not shown much 

change on their learning performance. 

Decline on Learning Performance 

a- Learners with “V”, “A”, “VK” and “RK” based LP have shown a declination on their 

learning performance. 

b- Learners with accessibility of contents materials of type “RD” and “ARD” type of 

contents materials have shown a declination on their learning performance. 

 

As this is a research work under progress, results above could be counted on setting a 

benchmark towards any future development of any course materials of this type related to 

APELS. 

 

Further work 

There is a plan to collect more evidences on autumn 2006 by the start of a new course and 

new MSc students. Because APELS is accessible even before the start of the course, the level 

of interaction between students themselves are reduced with great deal since students are 

unknown to each other and the system is accessible outside of the campus, too. 
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Appendix 13 Data stored on UK’s Educational institutions 
 

 

Data gathered on educational institutions were categorised on the base of their 

methods of communications with their learners: 

 

Group 1: Whether the institution uses e-learning systems or not. 

Group 2: Institution uses computer based training systems (CBT) or web based 

training systems (WBT). 

Group 3: Multimedia Presentations used on their course materials: 

a) Online content materials 

b) Animation 

c) Video scenario 

d) Video conference 

e) Course bulletin board 

Group 4: Interactivity 

 Group 4-A: Interactive static 

i) Email 

ii) Discussion forum 

Group 4-B: Interactive Live 

i) Chatroom 

ii) Online tutorial 

iii) Adaptive e-learning system 

Group 5: Type of e-learning system used in their educational institution, if any. 
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The outcome of the preliminary analysis is as follows: 

 

 Number of Edu. 
Institutions 

Ratio compared to the total number of 
Institutions searched for 

Total No. of inst. under 
research 

195 100% 

No. of inst. use eLearning 
Systems * 

90 46% 

No. of inst. use particular 
LMS 

56 29% 

No. of inst. use Adaptive 
eLearning Systems 

0 0% 

No. of inst. used WebCT 29 15% 

No. of inst. used BB 16 8% 
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Appendix 14 Methods of Instructional Designs 
In the previous sections, a concern was raised that there is a doubt about current 

methods of instructional design which aims to making the learner well equipped to 

gauge and act on day-to-day life problems (sec 2.3.1), the issue lead to another fact 

that instructional designers might not be aware of all the facts involved in the creation 

and transmission of knowledge (Lofman, B., 2002), which means those teaching 

materials should be designed in such a way that leaves a space for learners to navigate 

through the presented knowledge but supported by well guided instructions. 

On the other hand there were facts found that there are relationships between 

personalised learning systems and individual‟s learning style. All these concerns led 

to further exploration of existing learning environments and thus the transmission of 

knowledge. 

Sections 2.2.1 and Appendix 9 confirm the need to understand the relationship 

between personalisation of e-learning systems and an individual‟s learning style. 

Decisions made on an individual level for the selection of a path to learn a concept or 

a skill, is made in the stage of strategic knowledge. In that respect, as mentioned 

earlier, the understating of different methods of instructional design would provide 

further details on understanding learning philosophies. 

 

Pedagogy- (Teacher-Centred) and Andragogy (Learner-centred) -based learning 

environments: The origin of word Pedagogy comes from the Greek words “paid” 

meaning child and “agogos” meaning leading. Thus pedagogy means the art and 

science of leading and teaching children (Hiemstra & Sisco, 1990). Its applications 



Appendix 14 

   

  14-2 

were applied in the middle age churches to prepare faithful, obedient, and efficient 

servants for churches. Those special educational institutions were following 

pedagogical instruction to develop skilled monastic (Knowles, 1984). Pedagogical 

method was/is applied only on places where here is a total obedience to the teacher 

and given instructional methods was/is required. The main pitfall of this method is 

that the whole purpose of this educational method is to prepare students to show a 

level of competency in getting a grade to pass the minimum level of competency 

(designed and developed by the teacher) and then progress to the next level (Hill, 

L.F., 1991). 

 

Malcolm S. Knowles (1968, 1975, 1980, 1984; Knowles & Associates, 1984), was the 

main force behind popularizing the concept of Andragogy as a new method of 

instructional design which was introduced in North America and then a few other 

European counties, such as Poland, Hungary, and Yugoslavia; they also used the term 

prior to 1968. Stewart (1986a, 1986b) notes that Linderman (Anderson and 

Linderman, 1927) has used the term as early as 1927 which is a follow up to the 

German author of the 1920‟s Eugene Rosenstock. However, evidences exist 

(Davenport and Davenport, 1985 and Reischmann, Jost, 2000)) that the origin of the 

word has been practiced in 1833 by Kapp (Kapp, Alexander, 1833), a German 

teacher. 

 

Knowles (Knowles, 1980, pp. 44-45) introduced four main concepts in the definition 

of andragogy, which then with the support of his colleagues were updated to six 

(Knowles, Holton and Swanson, 1998) assumptions (Reischmann, Jost, 2004 and 

Fidishun, D., 2000), and they are as follows: (i) the learner‟s need to know: it is a step 
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towards guidance of the learner to find out about its correct needs, (ii) the role of the 

learner‟s experience: while progressing through contents of taught materials, learners 

would create a reservoir of experiences which can be used later on to build learning, 

(iii) the learner‟s readiness to learn: students willingness to learn increases including 

further social interactions, as such learners will be more co-operative, collaborative 

and supportive, (iv) the learner‟s orientation to learning: another key component of 

andragogical philosophy of learning is related to its approach to apply knowledge 

immediately rather postpone it to another time; and the change of perspective from 

subject-centred to performance-centred, (v) the learner‟s self-concept: self-description 

moves from teacher-dependent thinking to independent and more self-directed (which 

lately has become the „heutagogy‟ method of instruction; more will follow), (vi) 

learner‟s motivation to learn: there may be external factors to encourage the learner to 

learn, but the motivation should come from within; examples might be increased self-

esteem, job-satisfaction and quality of life. The core approach in andragogy is the 

guidance of students in “learning how to learn”, which gives the responsibility of 

learning to the learner and as such, they will be held accountable for their own 

learning. 

In other words, in the pedagogical approach, the knowledge will be transferred to the 

learner in a teacher-centred environment where the teacher is responsible for 

preparing the knowledge in such a way as s/he sees fit without considering an 

individual learner‟s learning style. On the other hand, the learner-centred approach is 

a method of delivery of knowledge where knowledge is prepared in which the learner 

is able to take the responsibility for his/her own learning under the supervision of a 

relevant tutor (Wagner & McCombs, 1995 and LeJeune, N. F., 1998). However, this 
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approach would create many additional issues such as: intentional learning, active 

learning, authentic learning, open learning, and many more which are covered in the 

original reference (LeJeune, N. F., 1998). 

 

Beyond Pedagogy and Andragogy and moving towards Heutagogy: Hase and 

Kenyon (Hase & Kenyon, 2000) on the support of Rogers (1969) statements on the 

use of a learner-centred approach, suggest that life long learning is in human nature 

and indeed argues that teacher-centred learning has been over-emphasised through the 

history of education. As such Hase, Kenyon and Rogers have pointed five key 

hypothesis as follows: (i) a learner can‟t be taught directly, and all teachers can do is 

to facilitate learning; (ii) only those components of teaching materials are learned by 

learners which can directly enhance their life, (iii) a learner‟s nature tends to resist the 

new change of self through denial or distortion of symbolisation, and then it becomes 

more rigid under continuous threat; (iv) a learner accepts a new inconsistent 

experience with their current state of knowledge, only when the self is ready to accept 

it; (v) as such, the effect of threats of learned materials on the current state of 

significant learning should be kept to minimum, so to overcome the process of 

self-directing while receiving new knowledge (in the form of learning). 

 

Heutagogy: On the base of argument made above, a new method of transferring 

knowledge to the learner has been introduced known as heutagogy. Heutagogy is the 

principle of teaching based upon the concept of truly self-determined learning. In this 

method it is assumed that learners have the capability of self motivation and self-

determination to manage their own skills and knowledge needed to survive in the 
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twenty-first century. It is assumed that this approach would foster an individual 

learning approach on the base of self-analysis of learner‟s own needs (Hase, S. & 

Kenyon, C., 2000). 

 

Selection of the Correct Strategic Learning Perspective: As stated above, it is 

essential to consider which one of the above knowledge transferring strategies should 

be chosen before designing the instructional system. Besides, to learn more about the 

kind of strategy to choose from, studying learning philosophies further would 

determine the scope and boundary of the required system to facilitate the process of 

designing an e-learning system. 
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Appendix 15 Instructional Design Models in Different 

Philosophies 

To gain same perspective on the learning process, theories and philosophies have been 

developed to give a structured understanding of the process of transferring knowledge 

known as learning mediums (Barnett J. 2002 and 2004). Understanding these 

philosophies would be the backbone design of the e-learning system being developed 

and its specifically designed and developed contents materials. Detailed descriptions 

on the design of such systems will be discussed in Chapter 3, Chapter 4 and Chapter 

5. 

Instructional design is a set of procedures which if followed, will facilitate the transfer 

of knowledge, skills and attitude to the learner (InstructionalDesign, 2009).  

 

Behaviourism: To overcome the issue of understanding existing philosophies and 

methods in the process of transferring knowledge in the form of teaching and/or 

learning environments, researchers have developed philosophies to address this issue.  

Behaviourism (Pavlov, I. P., 1899; Skinner, B. F., 1938) is a theory of learning that 

focuses on observable behaviours rather than mental activities or philosophical 

concepts of the brain and learning. Behaviourism originated with animal studies and 

relies heavily on quantifiable research to make judgments about how people behave 

when learning new material. The behaviourists, claim that learning can be inferred by 

the adoption of new behaviours and that animals and humans alike learn best when 
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they are given immediate positive conditioning or reinforcements such as praise, food 

or other rewards. (Atherton, J. S., 2005) 

A behaviouristic approach has been applied to a partial section of this e-learning 

system. It will be used as the basis for giving praise to learners while practising on a 

few examples or taking any assessment. 

Cognitivism: Mead (1932/1977) and Vygotsky (1934/1978) have argued that the 

initial and basic system of cognitive growth in nature is communicative and it is the 

cause of a “resultant” act of the communicative method (Vygotsky 1978). 

The Cognitivistic School made the inside of the learner‟s head a primary object of 

their study and tried to discover and model the mental process on the part of the 

learner during the learning process. In this school, mental construction in the minds of 

learners are described as knowledge and viewed as symbolic, while the process of 

committing these symbolic representations to memory is called learning, they may be 

processed further by the learner to produce new information and knowledge. Strict 

“input – processing – output architecture” of computers development from the 1960s 

and up till today certainly have stimulated these “information processing” views of 

learning [Siemens G., 2005]. 

This approach utilizes the new vision of “information-processing concept” rather than 

behaviouristic assumptions where the learner is determined by his environments and 

so passively adapts to the circumstances. This cognitivistic view accentuates active 

mental processing on the part of the learner. Although, knowledge is still viewed as 

given and absolute just like in the behaviouristic school. 
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Dillenbourg and Kumar [Dillenbourg et al.1994, Kumar 1996] classifies three 

different theories of learning that could be employed in collaborative learning 

systems: 

Socio-constructivist theory: On the basis of this theory, learners approach learning 

via interacting with others [Doise 1990]. In socio-constructivist theory, emphasis is on 

interactions rather than actions themselves. This philosophy has not been practiced in 

this research but would be in future studies. 

Socio-cultural theory: This theory supports the fundamental relationship between 

social interactions and the individual‟s cognitive development [Vygotsky 1978]. 

Similar to socio-cultural theory, it has not been practiced but would be used as a 

benchmark towards the design method of future types of e-learning systems. 

Shard cognition theory: In this theory (Brown, Collins, & Duguid, 1988; Pajares 

2002), the environment where learning takes place is in focus. This environment 

includes both the physical and social context, and which emphasises on parts of 

contexts where relevant knowledge and skills will be learnt. Few advantageous of this 

method are: 

 Applied knowledge would be acquired by linking a specific context to the 

knowledge to be learned, under which peers learn about necessary conditions 

for its applications. 

 Creative thinking would be achieved by promoting situations. Learners usually 

can apply newly learned knowledge in real life and different situations. 

 As the shared cognition theory is a type of knowledge which is more practical 

in nature, such as activities involved in discussion boards and teams works, it 
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is viewed as a process of building and maintaining a shared common sense, its 

understanding and conception of a problem, so to ensure a natural learning 

environment. 

Because of the type of practicality involved in this theory which is a direct interaction 

with other members involved on shared cognition (as its mandatory requirements), it 

is not feasible to design and implement an e-learning system which would investigate 

the adaptivity, adaptability and/or personalisation of e-learning systems. 

Constructivism:  As the title may imply, constructivism emphasizes the building 

(i.e., constructing) knowledge that occurs in people's minds when they learn. A simple 

way to explain this idea is to refer to Gestalt theory (Dabbagh, 1999); that is, the idea 

that “a whole is more than the sum of its parts”. 

What is meant by constructivism is that it refers to the idea that learners construct 

knowledge for themselves – each learner individually (and socially) constructs 

meaning – as he or she learns. This school of philosophy focuses on preparing the 

learner to problem solve in ambiguous situations. 

This theory holds a major part of the design process of the system under study and 

this will guide the learner while progressing through the learning materials. The 

method which this type of e-learning system uses is the method of interaction with 

learning materials in a format where learners have to interact with the whole contents 

of learning material known as a learning object. Detailed description on this concept 

is provided on chapter four. 
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School of Cognitivists and Constructivists: By comparing the above learning 

philosophies two other new theories were developed which combine both the 

cognitivists and constructivists schools of though. The first theory emphasizes the 

exploration and discovery on the part of each learner while explaining the learning 

process known as “Cognitive Oriented Constructivist Theory” and the other 

emphasized groups of learners‟ collaborating as sources of learning which is known 

as “Socially Oriented Constructivist Theory” (Meriluoto, J., 2003). While the first 

theory was interacting with knowledge in the form of a symbolic and mental 

representation in the mind of the individual, the other theory was evolving the 

learning environment in the field of CSCL (Computer Supported Collaborative 

Learning). In that respect these two theories have been mentioned here only as part of 

referencing to learning theories and will be practised and investigated further in 2.6.1. 

Humanisms: According to humanism, otherwise known as activity theory, the best 

method of understanding the human mind is to understand the interaction between 

learners (as subject) and the world (as objects) (Leontiev, 1978). 

To envisage this interaction, a hierarchical annotation would be required: (i) at the 

first level, learners‟ needs and motivation towards objects in order to fulfil those 

needs, (ii) actions towards achieving those motivations to help the learner to meet 

originally devised goals, (iii) and at the third level, activities that a learner would 

perform to achieve those goals. There has been a continuous and growing interest in 

Humanism or activity theory specifically in the area of Human-Computer Interaction 

(see, e.g., Favorin, 1995; Teasley and Roschelle, 1993). 
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Edward F. (1989) defines Humanism as a school of thought, in which he believes the 

human approach to interact with a new environment, is different from other species 

and so is the learning approach. The concept of open education is also supported by 

this fact that according to Huitt, W. (2001), there are a variety of ways teachers can 

implement the humanistic view towards education. One of those points related to this 

study is to allow the student to have a choice in the selection of tasks and activities 

whenever possible. Application of humanism theory has been practiced in the design 

and development of this research through giving choices to learners as a list of 

available teaching materials. Structure and methods of presenting the materials in the 

form of learning contents, practice contents and assessment contents will be explained 

further in Chapter 4. 

Connectivism: George Siemens (Simense G., 2005, 2006) asserted a new learning 

theory by forming sets of connections which would construct knowing and learning. 

The network-forming process between pieces of information and knowledge is the 

foundation of connectivism. Downes (2005) also counts connective knowledge as the 

epistemological foundation of Connectivism as stated below:  

“A property of one entity must lead to or become a property of another entity in order 

for them to be considered connected; the knowledge that results from such 

connections is connective knowledge.” 

Six principles of connectivism listed by Siemens (2005) are as follows: 

a. Learning is a process of connecting specialised nodes or information sources. 

b. Knowledge is stored in a structure in the form of a network 

c. Learning and knowing are on going processes, no end dates or products. 



Appendix 15 

   

  15-7 

d. Ability to see connections and recognise patterns and make sense between 

fields, ideas and concepts is the core skill for individuals today. 

e. Decision-making is learning. While there is a right answer now, it may be 

wrong tomorrow due to alterations in the information climate affecting the 

decision. 

 

Further to the list above, the last rule emphasises the correlation between human 

knowledge and technology which is the key factor and the bases of this research: 

f. Knowledge may reside in non-human appliances and learning is facilitated by 

technology. 

 

The last rule (rule f) formulates the bases of technological advancements in the field 

of e-learning. By providing facilities to make knowledge transportable via a medium 

which is a non-human appliance, this theory indicates the use of technological 

challenges towards developing an e-learning environment. 

 

The applicability of this theory is known in all technologically based learning systems 

(such as e-learning systems which use technologies in traditional classrooms via the 

use of books and other teaching facilities); and additionally, in the development of the 

e-learning system under-study. 

 

Concluding remarks: Further study in existing learning theories and their 

relationship to the diversity of learning styles, leads this research to the conclusion, 

which the study about individual‟s learning styles and psychological perspectives, 

should be expanded to clarifying the association between both human‟s learning 
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methods and the applicability of technology for the purpose of knowledge 

transferring. 
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Appendix 16 Learning Duration (Length of Learning, 

Learning Time Pattern) 

By studying the relationship between learning and its duration, researchers such as 

Carroll (Carroll, J. B., 1963), Bloom (Bloom, B. S., 1971) and many more (Hwang & 

Wang 2004) have confirmed that the achievement of a learner has a close connection 

to the time spent on learning i.e. a learner achieves more by spending more time on 

learning. Hwang & Wang (2004) in this relation have come to conclusion that: 

 There is a direct relationship between the intensity of a learners‟ reading and 

their achievement. 

 The more diligent the learner, the higher their achievements. 

 A level of dropouts is higher in Prior Burst, Negligent and Prior Burst – 

Negligence. For further clarification, the definition of “burst” in 

telecommunication field, refers to the phenomenon of sudden data-

transmission (Daniel & Virgilio 1998). As such “prior burst” type of learners 

are whom spent more time at the beginning or early phase of the joining the 

course. Learners with the habit of frequently loging in to the system would 

also be counted as prior burst. Furthermore, learners who take their online 

course carelessly are considered as part of the negligent category. 

 Despite the nature of asynchronous courses, and learning autonomy or self-

paced learning environment, instructors should encourage learners to study 

and to exercise self-discipline regularly. 

 Although, a variety of solutions could be made to support a learner‟s practice 

in self-discipline for online reading, it shouldn‟t make the learners feel that 
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they are facing a set of deadlines, because such a learning environment could 

make the learners feel overwhelmed and it could increase the level of 

dropouts. 

 By allowing a learner to compare their diligency level to another learner 

involved in the course (either an existing student or from the history of the 

course), this can motivate learners to do better. 

 By availability of burst state and diligence state analysis, instructional 

designers could observe the time distribution directly from their pedagogical 

perspectives, thus generating more pedagogical meaning. The instructional 

designer would have better picture on the quality of teaching materials and 

learner‟s interaction with them. The effectiveness of materials and the way 

learners interact with learning materials, would shown a pattern which will 

help the instructional designer to make the necessary adjustment to the 

materials form pedagogical perspective. Reasons behind learners behaviour 

and his/her interaction during the burst state and diligence states could be 

further analysed, and answer to questions like, “why students behave during 

the burst state and how they can continue with the same motivation and 

concentration throughout the course?” 
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Appendix 17 Learning Object 
 

17.1 Summary of this chapter 

This chapter will be the discussion on a method of repackaging the content materials 

which will be compatible with the type of e-leanring system under study with the 

consideration of learner‟s learning styles. 

  

17.2 Learning Object 

17.2.1 Introduction  

This section will examine the concept of Learning-Object (LO), existing arguments 

between ELS designers on that concept and issues on the use of terms like “delivery 

of knowledge to the learner via an adaptive, adaptable or personalised learning 

system” (see sections 2.2 and 2.3). Those arguments seem to soften when the core 

issue is about the definition and design of an adaptive, adaptable or personalised 

e-learning system; whatever the outcome to be, the main concern and aim of such 

systems is about learners who are able to gain knowledge after each session of 

interacting with a packages of contents materials or in anther word, learning objects. 

In addition, the vocabulary of learning objects has been used in different terms for the 

past many centuries as it is known as traditional teacher-student classes. Teacher 

selects a topic for a day, talks about it, writes and discusses few samples as practice 

on the board, and possibly runs a written assessment session by the end of the class. 

The idea of learning object is almost similar, but, with two major differences: (i) 
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learning object is in a digital format, and (ii) it is smaller in size and shorter in the 

duration of its presentation time. 

In this chapter, following topics will be discussed for further understanding of 

learning objects: “What a learning object is; Granularity and its rule as part of core 

definition of learning objects; Does size matter? And if it does, what is a standard size 

of a learning object? Types and categories of content materials are also part of this 

debate. Concept of expression, objects, digital assets, relationship between 

individual‟s learning preferences and varieties of digital assets so the need to define 

“Learning Preference-based Digital Asset”; and at the end, the need and concept of 

ARK-based switchboard will be examined. 

 

 

The need for learning object 

Within the community of instructional designers a concept is famously known 

towards identifying one of milestones of designing ELS, and it is Learning Object. As 

LO indicates, and will be reviewed thoroughly in following sections, towards 

presenting any form of knowledge and by the use of any means of hypermedia, there 

must be a learning object to be introduced. Despite the fact that its size, type and other 

object related issues are the main concern of this thesis, but the type and format for 

presenting them (through a learning-object-viewer), counts as a major decision 

making factor towards interacting with learning objects. 

Concept of Learning Object 

Different experts in the field have given different definitions to the concept of 

learning object. Wiley (2000) has described a learning object as an entity which is in 
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digital format so it can be reused to support learning objectives. Rehak and Mason 

(2003) have a similar description but with small changes to its definition, so to be 

known as a digitised entity within technology supported learning environment. This 

contradiction expands while CETL (2007) says they should be web-based and 

interactive digital contents. But these arguments broaden from the other side when 

IEEE LTSC (IEEE LTSC, 2002) sets a wider option in the form of a standard – IEEE 

1484.12.1 – and allows the use of “any entity in the form of digital and non-digital 

resources to be used for learning for the purpose of education or training.” 

Identifying similarity and dissimilarity on defining a concept for learning object 

continues by a definition from a group of experts in wikipedia [Wikipedia]. According 

to Wikipedia, learning object is a “collection of content materials that fulfils 

requirements of a set of learning objectives which can be mobilised and be interacted 

with other e-learning systems.” 

DLNET (2003) defines a learning object as a “structured and standalone resource that 

combines high quality information in such a way, which facilitates learning.” 

Sicilia et al. (2004) delineates a “structured-based classification for a collection of 

learning objectives and its related content materials, in the form of a description of 

explicit types of learning objects inside ontology, which provides an approach to 

formally specify specialised alternatives of metadata records. It also classifies learning 

objects unconditionally in a random number of dimensions aimed at pedagogical 

selection.” 

 

“The main benefit of this approach is the reuse of existing precise 

type definitions, and the flexibility in adding implicit categories, that 
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can be freely overlapped due to their logical and precise 

characterization.” 

(Sicilia et al. 2004) 

This is an approach which sets a benchmark on framing a definition for a size of a 

learning object. This topic has been described fully in the following section. 

 

With regards to the topic of automation of learning activities, automated pedagogical 

selection of learning objects and the engagement of learning preference based learning 

objects, they demand a specialized sub-ontology in the form of a specific and 

individual learning object related metadata so to be ready and be used for any kind of 

learning management system. The demand is based on the completeness of the needed 

metadata for storing learning style related learning objects towards automation of the 

learning management system. 

 

Jones (2003) clarifies that conformance or being conventional to technical standards is 

not adequate to allow reusing a learning object. As Boyle (2003) points out, while the 

work on technical standards is valuable, it is not enough on its own, to ensure the 

reusability of learning objects. Little work, it seems, has been done on the design of 

the learning objects themselves and what design principles need to be employed to 

make learning objects reusable. 

 

17.3 Learning Object Structure 

Thompson and Yonekora (2005) emphasize the unavailability of any existing standard 

learning object structure among practitioners today. The presented form of learning 

objects ranges from static text, recorded audio files, animation and video segments all 
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the way to complete modules or lessons. However, according to Hodgins‟ (2004a, 

2004b) those segments do not necessarily fall under the category of learning objects; 

neither do the lessons or modules. As he indicates that in the best circumstances, 

“learning objects are situated at the intersection of contextualization and reusability. 

That is, learning objects have to be sufficiently broad in scope to be meaningful to 

students and useful to faculty while being granular enough to be reused in various 

contexts.” 

 

17.3.1 Granularity 

Experts in the field have described granularity of digital learning resources as a 

characteristic of its size, decomposability and the extent to which a resource is 

intended to be used as part of a larger resource (Recker, Dorward and Nelson, 2004; 

Reusable Learning, 2007). It refers to how thoroughly learning objects could be 

broken down and stored. The unit of a learning object can be a program, a course, a 

module, a lesson with practices and assessments. Generally granularity refers to the 

relationship between reusability and the size of a learning object. However, it is 

necessary to mention that the greater number of smaller objects requires an increase in 

their manageability (LOC, 2007). 

 

Granularity and Content Models: Following the clarification on the concept of 

granularity, IEEE LTSC standard (IEEE LTSC, 2002) has described the functional 

granularity as an aggregation level and to draw a clear picture on the use of learning 

object metadata (LOM). IEEE LTSC (IEEE LTSC, 2002) offers the following scale as 

a collection of five levels for aggregation levels as part of its standardisation for 

learning object (Figure 79): 
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 Level 1: Set of wither two/more objects or one object and its background 

environment, so to form the basis for defining a digital asset. 

 Level 2: Smallest level of aggregation. For example: digital or non-digital 

assets, raw media data or fragments. 

 Level 3: A collection of digital assets in the form of learning objects; for 

example; a lesson. 

 Level 4: A collection of learning objects; for example; a course. 

 Level 5: The largest level of granularity; for example; a set of courses that lead 

to a certificate. 

 

Size of a Learning object: Varieties of arguments exist on defining and determining a 

list of characteristics of a learning object. List of objectives, size of content materials, 

methods used to access its contents through any plug-ins, structured-based metadata 

to embrace (its objectives and contents), interact with the learning object (as whole) 

and methods of interactions, all together are few issues of this argument in the field of 

learning object and instructional design. But, whatever the circumstances are: 

Relationship between the size of an object and its reusability is one 

of probabilistic issues. 

[Wiley, 2000].” 

Size ↑ Reusability↓ 
Size ↓ Reusability ↑ 

 
Digital Asset Content object Learning Object Integrated 

Lesson/Course 
 

Suitable for off the shelf use 
 

Suitable for reusability 
Figure 79: Basic graphic representation of the granularity of a learning object 
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Wiley (2000b) comments on giving an example on why debating and not 

reaching on a standard format on the size of a learning object shouldn‟t keep 

us from exploring the field brings an example: 

 

It is commonly accepted that atoms are not the smallest bits of stuff 

in the universe. Atoms are in fact combinations of smaller bits 

(neutrons, protons, and electrons), which are combinations of 

smaller bits (baryons and mesons), which are combinations of even 

smaller bits (quarks, anti-quarks, and gluons), etc. Curiously, it is 

the particular manner in which these top-level smaller bits are 

combined in an individual atom that determines which other atoms a 

particular atom can bond with. 

[Wiley, D. A. (2000b)] 

By comparing an atom as a learning object, an atom is a collection of some other 

particles and they are too. However, an atom has been identified in more depth 

including general and specialised knowledge of its properties. The most part of 

classical physics has been built on and as a result still engineering world is advancing, 

applied physics including chemistry is on the move, too. 

 

17.3.2 Anatomy of a Learning Object 

Content analysis of any topic requires decomposition and analysing of learning 

objects. See Figure 80. 
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Figure 80: Structure of Learning Object (LO) (http://www.macromedia.com) 

 

A learning object is defined as a combination of five segments: 

- Metadata (Segment 1) 

- Objectives (Segment 2) 

- Content Materials 

o Learning contents (Segment 3) 

o Practice (Segment 4) 

o Assess (Segment 5) 

 

As part of standardisation of approaches and definitions on learning objects (IEEE 

LTSC 2002), metadata and objectives are parts of the structure of a learning object, 

but contents sections are classified on another group. Learning contents acts as 

presentation of knowledge in a package in the form of giving new contents; Practice 

and Assessment sections are similar to each other in the form of requesting knowledge 

in a specific way, but the assessment section does not include the discussion 

(explanation of the answer) segment. 

To be specific here, learning objects could be divided in to three main groups as 

follows: 

a) Data about data (Metadata and Objective), 
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b) Outputting data in the form of presenting information to a learner where 

Learner acts only as a receiver – (Learning content), and  

c) Combination of giving and receiving data where feedbacks would be required  

from learner – with Learner acting as a transmitter (Practice and Assess) 

 

Metadata: Metadata similar to library catalogues which lists details (type of the 

resource, author, date published, version, …) on each book, resources in the form of 

text, tape records, compact disks, digital libraries and many more, establishes a 

benchmark on developing a structure to control interactions with demands on digital 

resources; to be specific here, learning objects (Cancore, 2004). 

 

Objectives: It is a type of data about data with one main difference than metadata.  It 

presents the reason behind a learning object. To be specific here, it determines the 

reason behind all sub sections of a learning object: “Learning Contents”, “Practice 

Contents” and “Assessment Contents”. 

 

Content Materials: It has been fully described on the following section, though, it 

has been divided into two main classifications: Types and categories of Content 

Materials. Briefly, types of content materials are divided into three sub-classes which 

are: “Learning”, “Practice and “Assessment” contents. In addition, each type has its 

related groups of categories of content materials known as “Scenario”, “Queries” and 

“Explanation”. Further details are in appendix 17.4. 

 

 

17.4 Content materials (CM): 
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Content materials are the key principle of development of any complete (fully)- 

deliverable-course-materials for a course, would require a properly arranged and 

collected form of content materials; as it is shown on the following picture Figure 81. 

 

 
Figure 81: Content Object Model 

 

 

17.4.1 Types and categories of CM 

Content materials in a learning object would be reviewed from two different 

perspectives: “Types and categories of content materials”. The relationship between 

these concepts has been illustrated on figure 15. As shown, a learning object is a 

combination of matrix-based connection of different content materials in different 

formats. It has been grouped into two classes: (i) Types of Content Materials, and (ii) 

Categories of Content Materials. 

 

17.4.1.1 Types of CM: 

Types of Contents Materials will classify relevant content materials of a learning 

object into three different learning, practice and assessment contents. Further 

description can be found as below: 
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Learning Contents (LC): It is a type of content material which is used for delivery of 

learning materials. It is a collection of digital assets within the category of scenario. 

Main purpose of having this type of learning contents is only to present information. 

No enquiry will be made during the presentation of this type of content materials. In 

this session, a learner will only gain what is needed to know before other sessions of 

evaluating his/her knowledge assessment. 

Practice Contents (PC): Practice content type of content material is a collection of 

three sub-sections or categories. It is a collection of scenario, query and explanation. 

This section is mostly known as either practice session, Q/A session or tutorial 

session. A learner by going through this type of content materials will receive a short 

scenario then he has to answer a series of questions and get a chance to check their 

correct answers. At the end he should be given a chance to see the reason behind those 

answers of why a particular answer was correct. The whole session is known as 

practice materials for a given objective of related learning objects. In this session, the 

knowledge level of a learner will be evaluated by providing him/her with a series of 

questions in the format of recalling, understanding and competency levels of 

knowledge assessment (see section “Query” below in 17.4.1.2 for further information 

on Knowledge assessment). 

Assessment Contents (AC): It is a collection of content materials in two different 

categories:  scenario and query. Knowledge of a learner will be assessed on the base 

receiving a confirmation on the evaluation of his/her level of recalling, understanding 

and competency on that piece of knowledge. So, if the learner passed that assessment, 

s/he is considered as “Pass” through that level. Otherwise the learner has few other 

options. Either s/he has to (i) take the same learning object again and/or (ii) do other 

available and relevant practices or (iii) do another relevant assessment. This is a 
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business rule where an instructional designer needs to configure it at the beginning of 

designing the system. Just to clarify the matter, there will be no explanation for this 

session. 

 

17.4.1.2 Categories of CM: 

Above mentioned types of content materials are categorised into three formats. These 

categories will be divided through different types of content materials mentioned in 

section 17.4.1.1. a better illustration of this concept has been presented on figure LO. 

Categories of contents materials would be: 

Scenario (S): A section is a context in the form of a short story. This category of the 

content materials provides a description on giving particulars on situations, events and 

what is possible outcome of a process; “An outline or model of an expected or 

supposed sequence of events”. [Ref: http://dictionary.reference.com/browse/scenario ]  

This is a method which has been commonly practiced even on traditional face-to-face 

classes where a lecture prepares a situation and purposefully describes what happens 

by going through series of events. Other steps will follow when a learner enquired 

about the process, which are counted as other categories of content materials. 

Query (Q): Query is known as a series of questions and answers within the category 

of a query. Aims of these queries must be towards evaluating objectives of the 

relevant scenario. Thus, query is known as a session when an evaluation of a learner‟s 

knowledge in relation to a given scenario is under question. This would be done 

through checking a learner‟s knowledge by evaluating his recalling, understanding 

and competency levels on a piece of knowledge. 

Explanation (E): By knowing the need for a proof of why a specific answer is the 

correct one for a particular question, an explanation context in the form of description 
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to give the reason behind an answer would be categorised as explanation for to the 

requested query. This description, however, would include why a choice, an option or 

a suggestion in the Query section is accepted. 

 

 
Figure 82: A detailed version of a semi-standard version of a learning object (LO) (Repeated in 

section 5.5) 

 

17.4.2 Learning Object and Human Computer Interaction Factor 

On the base of Figure 82 and considering possibilities of human computer interactions 

(Figure 83), this would be counted as a point of reference towards having a unique 

and personalised form of a learning object, which would be the most compatible 

package on individual‟s learning preference and so a personalised ELS. 

Studying the human-computer interaction is way beyond the scope of this study, 

though, briefly, HCI is referred to the study of the relationship between Human, 

Computer and Task in hand (Dix et al. 1998; Elsom-Cook, M., 2001). In that respect, 

as illustrated in Figure 82 and by the consideration of HCI (Human Computer 

Interaction) factor, a quick survey will illustrate the possibilities of different types of 

contents materials for a learning object. This would be counted as a point of reference 
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towards having a unique and personalised form of a learning object, which would be 

the most compatible package on individual‟s learning preference and so a 

personalised ELS. 

 

 

 
 
Figure 83: Possible Human-Computer interaction (HCI) – Learning Preference based 

To continue the process of analysing digital assets based on HCI, as mentioned on the 

Figure 83, the first step would be separating both types of contacts into User PC 

and PC  User groups of interactions. In this case, theoretically, HCI allows for 30 

different methods of communication between human and computer to be able to do a 

task [15 types of interactions of (User PC) + 15 types of interactions of (PC  

User) = 30 (User  PC  User) = 30 types of interaction of (UserPC)]. But 

there is an issue exist on designing a procedure for developing all needed learning 

objects to fulfil all different types of content materials for the purpose of this study. 

By having an overview of Figure 83, there must be 30 different types of contents 

materials per each type per category or [30 (HCI-LP based CM) x 6 (CM per LO) = 

180] 180 different content materials per learning object needed, so to fulfil 

requirements of creating one learning-preference-based learning object. This of course 
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would be the base of a perfectly designed and developed theoretically-based learning 

object for a VARK-based personalised e-learning system. 

But in reality this is not a feasible approach to take the project of developing content 

materials for a personalised learning or e-learning system. To find a way on 

simplifying this process, there must be a method on finding logical similarities 

between different methods of creating individual DAs and then content materials; 

whether it is a Principle-DA or Complex-DA. 

- Principle-DAs: are set of digital assets which are counted as bases of design 

and development of other complex digital assets and they are: V (Visual type 

of digital asset, like picture and animation), A (Auditory type of digital asset 

like a piece of sound or recorded voice of a lecturer), R (Reading type of 

digital asset like any text in the form of digitally typed digital asset)  & K (is 

known as any kind of interactive digital asset which users can control those 

objects on the screen is another type of digital asset) 

- Complex-DA: are a grouped version of Principle-Digital Assets. They have 

been categorised into the following type of Complex-DAs: VA, VR,VK, AR, 

AK, RK, VAR, VAK, VRK, ARK and VARK. 

This fact shows the need for a set of regulations to allow compatibility of the process 

of developing digital assets with consideration of individual‟s learning preferences; as 

mentioned on this section and section 2.5.2. 

 

17.5 From an expression to Digital Assets 

To understand the process of creating individual or complex digital asset, there is a 

need to search for any relationship between concepts and processes of developing a 

type of Digital Asset with consideration of learning preferences. 
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17.5.1 Objects, Relationship and Expression  

The concept of a digital asset requires clarification of its description, objects and 

relationship(s) between them, since the nature of any digital asset is a combination of 

objects and the relationship between those objects with a particular arrangement. This 

arrangement could be static or dynamic or in another word, time dependent or not. 

The concept of expression is very similar to the known mathematical equation as 

follow: 

“y = f(x)” 

where the type of function (f) determines the relationship between variables or objects 

(as x) to create a new expression as y, Figure 84. 

 

 
 
Figure 84: Chart for creating the concept of an expression  

 

Now at this stage, if the process of analysing a digital asset be related to the concept 

of learning preferences, the approach of this analysis would be based on that learning 

preference. Thus, the concept of VARK based breakdown of any learner‟s learning 

method would be real and could have a practical approach to developing a 

personalised version of that digital asset and so the content material. 

 

Objects Relationship 
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17.5.2 High level overview of the process of creating digital assets 

In the process of creating digital assets, the relationship between those objects 

determines which type of digital asset will be the outcome of the process, which will 

have different expressions. This means the type of digital asset would be dependant 

on the relationship between its objects. The question here is that what type of 

relationship? (Figure 85) 

 

 
 
Figure 85: Simple process of creating digital assets 

 

As mentioned above, the type of digital assets will be either static or dynamic, which 

means its creation process or the relationship between its objects will be time 

dependant. On the other hand, the type of interaction is also a factor, as it will be 

either a physical interaction between objects or not. Figure 86 clarifies the concept of 

relationships between objects in the best possible way. 
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Figure 86: Process of creating Digital Assets 

 

17.5.3 Analysis of Kinaesthetic type of interaction 

In this type of learning preference (kinaesthetic), the interaction between other types 

of learning preferences would be studied. The Kinaesthetic type is not a type of digital 

asset in itself, but its effect changes the order or type of presented Digital Asset, either 

in the form of interaction with existing DA (Figure 87) or starting a new DA in the 

process (Figure 88). 
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Figure 87: Kinaesthetic effect 

 

 
Figure 88: transition of Digital Assets by Kinaesthetic effect 

 

By finding out the possibilities of having relationship between the concept of digital 

assets and a category of learning preferences, such as VARK, and finding out any 

connection between those two groups, a good example on Kinaesthetic mode of 

interaction between DAs have been brought to attention on the following section. 

 

An example on the concept of using a kinaesthetic method of interaction 

To interact with a kinaesthetically developed content object, following events occur: 

Scenario: A learner interacts with content materials by using a graphical user 

interface. 

Details of this interaction: 

- Brain receives a message in the form of either V, A or R 
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- Brain sends a message to the physical part of the body (mostly hand and 

fingers) 

- Hand takes control of the mouse (as an example, or it could be the movement 

of the hand towards a button of the keyboard) 

- Hand takes control of the mouse and points the cursor to an object on the 

screen (or the finger to touch a button) 

- Hand (finger) makes a pause 

- During this pause, brain receives the second message either in the form of V or 

A from the screen as cursor has touched an object (or in the form of V by 

seeing the touched button on the keyboard) 

- Brain checks that the right object has been touched or triggered 

- Then brain send the second message to the physical part of the body as a 

confirmed-continuation of the activity (either the finger on the mouse pushes 

the button, or the finger on the keyboard presses the button) 

- In this case computer receives the message in the form of K, which has been 

done either in the form of K  V, K  A or K  W. 

 

17.5.4 LP-based-LOs and the need for a digital asset converter 

Further to analysis of digital assets and finding the possibilities of relating each type 

of digital asset to an individual‟s learning style the framework was set for the design 

and development of a new system where it could deliver relevant learning objects. On 

the above sections, concepts of learning objects and its relation with individual‟s 

learning styles were studied. Process of developing a learning object also required an 

in depth analysis and understandings on clarifying the relationship between both 

learning contents and learning preferences, however, there is one issue exit, and it is 
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the issue of development phase of content materials for each learning object. As in 

17.4.2 has been mentioned that theoretically 180 different of contents materials 

needed to complete one learning object. But this is not an efficient method to 

approach not only through the design and development phase of digital assets but also 

the system which would dynamically generate learning objects. This has given a 

ground work for to work with for the design of a new switchboard which would 

simplify this process. 

17.6 Conclusion of this chapter 

In this chapter, concepts of Knowledge, Knowledge Management, Knowledge 

Transferring & Learning Systems, Learning Styles, and Psychological and 

Physiological factors of a learner were studied. The above sections have provided a 

benchmark to analyse what is involved in the process of designing an e-learning 

system. Needs for expanding the field of knowledge, knowledge management, 

knowledge transferring environment, known as teaching and learning environments, 

have been reviewed. In addition to that, needs and opportunity to create and develop 

an environment for the purpose of knowledge transferring in the form of a learning 

environment were discussed. The concept of strategic-knowledge was evaluated so as 

to give an understanding of the concept of personalisation of any knowledge 

transferring system. Different learning philosophies and individual‟s learning styles 

were also investigated to help define the scope of this research. 

The current chapter has investigated the philosophical concepts and needs for a 

learning environment. The following chapter will review such needs from technical 

side. 
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Appendix 18 Set of roles on designing a collaborative 

learning environment 

Chi et al. (1989), McCalla (1990) and Baker (1991) have found and supported that 

explanations emphasize learning, especially if the approach has taken into account a 

collaborative environment. This environment should include: 

- Decomposing: splitting each set of problems into different sets of given task that 

creates logical sub-unit of the given problem. Each individual task can be further 

divided into a number of goals or “Learning Objectives”, where a list of goals 

consists of a set of tasks. In that respect the newly designed AAPELS should 

include decomposing approach while transferring the knowledge. 

- Defining: refers to recommending a goal from a task or a task stated to the goal 

can define goals. List of objectives in each learning object would fulfil this 

requirement. 

- Critiquing: refers to questioning a hypothesis proposed by a peer learner with an 

alternative hypothesis. As this is not a fully designed collaborative ELS, then this 

method will not be included in the design process. 

- Convincing: is an act of evaluating a number of hypotheses and supporting one of 

them. Although this method is mainly aimed for a collaborative online learning 

environment, the practice section of each learning object would perform this 

method by convincing the learner on different aspects of using learning object‟s 

objective. 

- Reviewing: is where collaborative learning ensures that constructive learning has 

happened. It can be done by reviewing summaries of actions taken in the 
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collaborative session for a particular goal. Similar to “convincing” method, this 

method also is mainly related to a collaborative area, though, the answer and 

explanation sections to practice category of learning objects would fulfil 

requirements of this method. 

- Referencing: refers to the act of providing facts and related materials, whenever 

requested by a peer. This part of method will not be included on this version of the 

e-learning under research as this research is about studying the relationship 

between individual‟s learning styles and possible connection with his/her learning 

performance.  
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