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Abstract 
 

Over the past two decades, information technology with its capacity to offer greater 

flexibility and ease of use, has transformed the way conventional education is 

approached, delivered and evaluated. The trend for increased and enhanced 

technology-mediated learning environments is constantly progressing with new 

approaches and methods emerging every year. Constructivism is often proposed as 

one of the most appropriate learning theories for the implementation of technology-

mediated learning environments. Learner control has the potential to enhance the 

learning experience by allowing learners to customise or personalise the learning 

environment to suit their personal learning style and preferences. This research was 

prompted by the observation that, in spite of the rapid proliferation of online 

courses in tertiary education, very few constructivist implementations ever reached 

mainstream education. This study investigates how a technology-mediated learning 

system, based on constructivism and including learner control capabilities, 

performs compared with an online teacher-controlled system in a first year 

university course. The aim is to offer an adaptive learning system that caters for 

different types of learners and learning styles with a special emphasis on learner 

control. Some adaptations require input from the learner, but some do not. If the 

learner does not take up the available options, the system will still function well. 

Forcing a learner to customise their personal learning environment may have a 

negative effect. Therefore this system offers the learners a choice as to whether to 

customise or not. 

 



 

This study also presents a detailed outline of the model implementation and its 

subsequent delivery as the Technology-mediated Adaptive Learning (TAL) system. 

This system was used to deliver a first year university course on HTML to two 

groups of learners. The treatment group was given the option of total control over 

the sequencing of the learning materials and no navigational restrictions were 

imposed on them. On the other hand, the control group had no control over the 

sequencing of the materials and the educator placed restrictions on their navigation. 

This study presents a complete outline of the system implementation and details the 

system usage and performance of the two learner groups. The results have been 

gathered by a combination of quantitative and qualitative methods. Analysis 

conducted on both quantitative and qualitative data returned some mixed findings. 

Through the statistical data analysis, it was established that the two approaches 

were comparable and that the TAL system is an excellent standalone method for e-

learning environments. Learners in the treatment group consistently outperformed 

the learners in the control group even though it was by a small margin. An 

interesting outcome of this research was the effect that the use of learner control 

had on knowledge retention, particularly in the younger age group. Only the 

younger learners in the treatment group showed significant rates of knowledge 

retention, with the older learners performing at a comparable level to the control 

group. Qualitative analysis, conducted through focus groups, found that treatment 

group learners generally considered the full learner control approach appropriate 

and supportive.  
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CHAPTER ONE 

Research Introduction 

 

 

 

 

1 Introduction 

Information technology has impacted greatly on education. Since its introduction 

in education, new delivery methods, as well as new challenges, have emerged. 

One of the most important delivery methods introduced has been flexible 

delivery or flexible learning as it is now preferably called. Flexible learning is 

learning that can be achieved at your own pace and independently of time and 

place. Several technology-mediated approaches, for example, Web Based 

Instruction (WBI) and Computer Based Instruction (CBI), have been used to 

provide the flexibility required to deliver flexible learning. 

 

Existing technology-mediated learning systems are often one-sided in respect to 

the target audience, that is, the learners, and lack the adaptability necessary to 

cater for different types of learners. Learners often struggle trying to adapt to the 

learning system because the standard pedagogical approach at the institution 

regards all students as having identical learning styles and needs. This situation is 

present in both the traditional classroom and the technological classroom.  

 

Early technology-mediated learning systems were developed with the aim of 

emulating traditional learning environments or classrooms (Andrews, 1997). The 

main disadvantage of these systems is that they perpetuate the problem, inherited 

from traditional face-to-face education, of addressing the needs of only a small 

subset of the population of learners. These systems can be classified as teacher-
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centred, mostly one-way communication and directed to linear and passive 

learners. Today, flexible learning has opened the door to a global classroom 

where learners are expected to be as different in learning styles as they are in 

numbers. The teacher no longer has total control of the learning environment; the 

control is now shared with the learner.   

 

The issue of learner control, and most importantly, the degree of control that a 

learner can exercise over the learning environment, is crucial to the effectiveness 

of flexible learning systems. Current learning systems lack the flexibility to allow 

the learner to exercise this control. An effective system must provide the 

capability for the learner to exercise control. However, it cannot, at any stage, 

obligate the learner to use it. That is a choice that the learner must exercise. 

 

 

1.1 Research Questions 

The research questions arise from the problem of adaptability stated in the 

introduction, the inability of technology-mediated learning systems to adapt to 

the learners‘ style and preferences. 

This thesis proposes the hypothesis that:  

 

A technology-mediated learning system based on constructivism, 

with a special emphasis on enabling full learner control over the 

sequencing of learning materials, can be more effective than a 

restrictive or strictly guided sequence control system as it will 

provide the adaptability necessary to cater for the needs of different 

types of learners and different learning styles and learning 

preferences. 
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The research propositions are: 

Proposition One 

 

A technology-mediated learning system that allows full learner control over the 

learning sequence will increase the academic performance of learners as 

measured by assessment instruments in comparison to a restrictive or strictly 

guided sequence control system. 

Proposition Two 

A technology-mediated learning system that allows full learner control over the 

learning sequence will be the preferred choice in comparison to a restrictive or 

strictly guided sequence control system and will be rated higher by learners in 

terms of completeness, quality of materials, support and preparedness for the 

final examination. 

Proposition Three 

A technology-mediated learning system that allows full learner control over the 

learning sequence will be more adaptable to the learners learning styles and 

preferences than a restrictive or strictly guided sequence control system.  

 

1.2 Rationale 

A large number of current mainstream e-learning system implementations are 

variations of electronic page-turners that are based on traditional teacher centred 

approaches. Advances in technology have accelerated the proliferation of these 

systems and they are delivered at many educational institutions. However, they 

are often electronic versions of existing teaching materials that were created for 

face-to-face delivery.  

 



4 
 

There is an increasing need for interactive e-learning systems capable of 

supporting individualised customisation of learning materials. This requires 

intelligent systems that are learner centred and capable of supporting learners‘ 

needs and preferences. They also must be adaptable to different learning styles 

and skill levels. Current information and communications technology can be 

combined with educational theories and practices to produce such quality 

interactive systems. Client-side or server-side implementations are appropriate to 

provide the necessary interface for navigation tracking, interactivity and online 

collaboration.   

   

1.3 Aims and Objectives  

The aim of this study is to propose a new e-learning model based on 

constructivism that is learner centred and allows full learner control of the 

learning environment. The model design includes an evaluation and monitoring 

mechanism that tracks and records learner navigation patterns for future 

evaluation. The study objectives are to build a constructivism-based flexible 

learning model embedding two different control levels, implement the system for 

an actual university course and evaluate the learning system usability by 

analysing learners‘ perceptions and its effectiveness by evaluating the learners‘ 

performance. 

  

1.4 Significance and Contribution to the Field 

The results of this study will, firstly, address the research question and, secondly, 

provide a point of reference for further research on the area of flexible learning. 

If the research question is answered in the affirmative, the disciplines involved in 

its design and implementation will be beneficial. It will further substantiate the 
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notion that a combination of the right pedagogical approach plus the use of 

current information and communication technologies can be merged into a single 

system to provide an effective learning tool. This is important because e-learning 

is expanding extremely fast amongst educational institutions, especially at 

tertiary level. However, formal research is lagging behind the implementations. 

Focussing on the pedagogical approach used, constructivism, an affirmative 

answer will confirm that, as some researchers have claimed, this learning theory 

is better suited for the delivery of instruction in the information age, due to its 

emphasis on the individuality of the learner and the possibility to enrich the 

individual perceptions through interaction and collaboration with other learners. 

 

In the affirmative case, the proposed technology-mediated adaptive learning 

system could be used as a model to produce more e-learning courses, which 

could be delivered via the Internet, hence generating a practical usage for the 

research study. 

 

On a different level, an affirmative answer on the educational approach used 

might highlight infrastructure strengths or weaknesses on the technical delivery 

side. That includes network related issues, access to the medium, bandwidth 

constraints, platforms compatibility, and database access/retrieval or storage 

capacity issues. In either case the results are significant considering that 

education is moving towards a flexible delivery mode. 

 

If the research question is answered in the negative, it will draw attention to the 

need for new educational theories for e-learning to be developed or re-invented 

and tested within the context of technology-mediated learning environments. In 
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this case the results of the study are valuable starting points for further research 

on the topic. 

 

1.5 Theoretical Framework 

There are two main fields of knowledge involved in the theoretical framework of 

the proposed research project: education and information technology. Within the 

educational discipline, the project will be developed under a constructivist 

approach to education. Constructivism was chosen based on the analysis of 

existing research (Ewing et al., 1998; Chavero et al., 1998; Doherty, 1998; Kanuka and 

Anderson, 1999; Oliver and Herrington, 2003; Brusilovsky, 2003; Joung, 2004; Beyth-

Marom et al, 2005) and previous experiences. Within the information technology 

area, several disciplines come together to allow the development of the 

educational theoretical framework. The disciplines involved are:  Internet, web 

design, programming, DBMS (Database Management Systems) and networking.  

 

The resulting theoretical framework, after combining all the necessary disciplines 

to develop an effective learning model, is based on the hypothesis that a learner 

learns best under a constructivist approach that, by recognising the individuality 

of each learner, promotes and encourages a varying degree of learner control over 

the learning materials and environment. The degree of control exercised by the 

learner is expected to be determined by prior knowledge of the subject matter, 

attitude towards technology and preferred learning style. The degree of control 

that the learner exercises over the learning materials will also determine the 

pacing, sequencing, location, interaction and amount of information used. 

Learner control is the main independent variable for this study. 
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1.6 Project Scope 

The scope of the research project includes the learning environment created to 

deliver and test the learning system and the students selected as treatment and 

control groups. The learning materials are part of the learning environment and 

include the subject matter and the delivery structure. Although the core 

mechanism of the system will be reusable, new learning materials and 

corresponding resources and rules will need to be re-developed for each new 

implementation. The system delivery platform is suited for wired and wireless 

networks and can be implemented as a server-side or client-side system.  It 

requires a centralised web server and direct access to a database. Other technical 

issues, such as the effectiveness and efficiency of the database structure and 

network systems, and the issues on the teaching materials, such as genres and 

multimedia formats are not included in the scope of this research. 

 

The validity of the results of this study will be constrained and determined by the 

number of the population sample and their demographic characteristics.  

 

1.7 Keywords and Definition of Terms 

Active learner refers to the type of learner who is actively involved in his/her 

own learning, questions and analyses the information provided and feels 

confident in making decisions about the learning. 

Constructivism (Piaget’s approach) is a learning theory that sees the 

acquisition of cognitive knowledge as an individual process of 

constructing learning, through alternate states, assimilation and 

accommodation. This process occurs at different stages for different 
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learners and is based on the different individual characteristics of each 

learner, for example, the level of maturity of the learner. 

Flexible learning is learning that can be achieved at the learners‘ own pace and 

independent of time and place. 

Learner control refers to the level of self-determination that the learner has in 

making decisions about his/her own learning in terms of pacing, 

sequencing, and amount of resources used. 

Linear learner refers to the type of learner who accepts the sequencing of the 

learning materials as given by the teacher and benefits from this 

approach. This type of learner feels uncomfortable in unstructured 

learning environments. 

Nonlinear learner refers to the type of learner who learns best if he/she is 

allowed to make decisions about the sequencing of the learning 

materials.  

Passive learner refers to the type of learner who undertakes the learning process 

from a receptive point of view, that is, the teacher imparts the 

knowledge and the learner receives the knowledge. 

Technology-mediated environment refers to a learning environment where the 

learning materials and instructions are provided via the technology, for 

example, CBI and computer-assisted learning (CAL). 
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CHAPTER TWO 

Current Research 

 

 

 

 

 

 

2 Literature Review 

There is a constant proliferation of technology-mediated learning systems as 

technology is in continuous flux and its uses in education are ever expanding. 

From pre-school centres to universities, information technology has shaped the 

way education is delivered and perceived by learners and educators. One of its 

many benefits is the flexibility it offers in terms of place and location, in contrast 

with the constraints of the traditional classroom. Traditional learning theories 

and approaches have been revisited and sometimes redefined in the light of the 

emerging technologies in order to claim the title of best-suited approach for the 

delivery of education and training. However, there is no single learning theory 

that can claim that position. Constructivism has been one of the most celebrated 

approaches in the technology-mediated learning arena and copious research 

effort has been directed at finding its strengths and shortcomings in countless 

projects and studies. The appeal of constructivism to flexible education stems 

from the way constructivism views the acquisition of knowledge. In a flexible 

technology-mediated environment where learners have the ability to make 

decisions about their learning progression, and in some cases, even to set the 

pace and the sequencing of the materials, an approach that sees learning as a 

process of building new structures on existing ones is very alluring.  
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This chapter outlines the main characteristics of constructivism and the learning 

theories that have emerged from this approach, such as communal, social and 

radical constructivism and enactivism. It also outlines the recent research and 

debate in the area of learner control and the role of the educator in technology-

mediated environments. 

 

 

2.1 Flexible Learning in Technology-mediated Environments 

A technology-mediated environment offers the learner a number of choices and 

alternatives that were inconceivable in a traditional educational setting. 

Traditional education, both on-campus and distance learning, is highly structured, 

teacher centred, mostly one-way communication and directed to passive learners. 

In contrast, technology-mediated learning, within a constructivist approach, can 

be learner centred, unstructured to suit the learner‘s individual learning needs and 

context-based. It also allows the learner to take control of the learning process, 

promotes social discourse and collaboration and contributes to the personal 

growth of the learner (Perez and Jo, 2000a). 

 

Technology-mediated learning is versatile. It can be used as the only means to 

deliver education or as an aid to traditional face-to-face teaching. Although 

technology has been embraced by education, there are areas of concern over its 

use, or more precisely, over its misuse. Areas of concern include: access to the 

media, measurement of students‘ learning, testing the validity of the Internet as 

an instructional medium and the cost of producing technology-based learning 

materials (Rickard, 1999; Eckert et al., 1997). Selwyn (1998) points out that the 

Internet can become a trap for both teachers and students as it can go from the 

‗tool to the toy’ in education if its use is not properly guided and monitored. 
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Phillips (1998) also expresses concern about the quality of online materials on the 

Internet. In spite of these issues the proliferation of courses designed and 

developed for a technology-mediated environment continues to increase. 

 

2.2 Constructivism 

The introduction of technology-mediated learning has prompted a re-evaluation 

of learning strategies. Constructivism is gaining momentum and has been 

heralded as the most appropriate learning theory for the technological classroom 

(Spiro et al., 1988; Mann, 1994; Ewing et al., 1998). Although constructivism in 

different forms and definitions has been around for a long time, current 

constructivist learning theories used in e-learning are mostly based on Piaget‘s 

and Vygotsky‘s theories. Constructivism takes the premise that learners build 

knowledge upon knowledge they already possess. Previous works by Hanson 

(1958), Kuhn (1962) and Popper (1972) have also proposed the view that people 

base their interpretation of a new experience on previous knowledge.  Kuhn 

observed that, 

 

"... what a man sees depends both upon what he looks at 

and also upon what his previous visual-conceptual 

experience has taught him to see" (Kuhn, 1962 p. 111). 

 

Current e-learning environments extend the visual-conceptual experience 

expressed in the quotation to include the learning material presented and the 

interactions allowed by the system. 
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Feyarabend (1987) also noted that people who belong to the same cultural, social 

and educational background could correctly understand any presentation of what 

that community labels ―objective” knowledge as its objectiveness is entrenched 

in the community‘s values, traditions and judgements. It is the distinction of 

what influences the construction of previous knowledge, and in consequence the 

interpretation of new experiences, that has given rise to current constructivist 

views. Namely, the distinction lays in the type of influence that social 

interaction, and the nature of the interaction, have on the individual learner‘s 

construction of knowledge. 

 
 

2.2.1 Constructivism and the Individual Learner  

Constructivism is not a new idea in education, it had already been proposed by 

Socrates and Plato as a way of explaining the cognitive processes taking place in 

the individual mind. The current interest in constructivism has its roots in 

Piaget‘s theory of intellectual growth developed in his work with children (Nola, 

1998). Piaget perceives knowledge as an essentially adaptive function 

(Glasersfeld, 1982) where the individual creates his/her own view of the world in 

isolation and based on interactions between internal existing schemata or abstract 

mental structures and new experiences. The existing knowledge frameworks that 

the individual possesses, and now uses to build new frameworks upon, was 

originally constructed by these types of internal interactions in different contexts 

or situations (Oxford, 1997).   

 

Piaget‘s learning theory involves three cognitive stages: assimilation, 

accommodation and equilibrium (West et al., 1991). During the assimilation 

stage the learner attempts to fit the environment within existing mental schemata. 
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The accommodation stage is reached when the learner is confronted with a new 

experience for which no schemata exists, or one exists but does not conform to 

the new experience. As a result, equilibrium occurs when, through an alternate 

process of assimilation and accommodation, the learner achieves cognitive 

stability. According to Piaget‘s study with children, everyone goes through the 

stages in the same order, but not necessarily at the same age (Feldman, 1993). 

This implies that the development occurs, to some extent, in relation to the 

number of interactions and experiences with the external world and the richness 

of these interactions. Externally in-coming experiences find corresponding 

mental schemata and the learner is aware of this fact; awareness is necessary for 

the development of growth.  In order to achieve high-level cognition the learner 

must be aware that learning has indeed occurred. Otherwise, learning will stop at 

the behaviourist level (Fraley, 2001) where an external party, usually the teacher, 

ascertains achievement. Awareness will be easily achieved if learners are 

engaged in the learning process and see themselves as active participants as, for 

example, in discovery learning. 

 

Discovery learning is an inquiry-based learning theory suited to problem solving 

and incidental learning situations in which learners use their existing knowledge 

to discover the relationships with new experiences and formulate their own 

learning strategies (Wouter, 1999). It is based on constructivism and supported 

by the work of Piaget, Bruner (1967) and Papert. Discovery learning promotes: 

high motivation, active engagement and commitment, responsibility and 

independence and can be modelled by learners to suit their own learning styles 

and skills level. Critics of this approach argue that it can promote cognitive 

overload. Also, teachers, not being active agents of the learning, may not 
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recognise problems arising from poorly formulated learner objectives or 

strategies may fail to act (Adelson, 2004). 

 

2.2.2 Social Constructivism 

Vygotsky‘s (1978) social and cultural constructivism learning theory differs from 

Piaget‘s in that he sees learning taking place within a social and cultural context. 

He argues that social interaction affects the way learners sees the world and in 

consequence this affects their learning, That is, it contributes to the way learners 

interprets their environment and create their knowledge representation 

frameworks. According to Vygotsky, language is an important factor in 

determining the level of high mental functions of learners and how these are 

achieved (Land et al., 2002). Although Vygostky‘s theory was not developed 

with current technological environments in mind, it can be argued that in a 

technology-mediated learning environment, language can take the form of 

emails, forums, discussion boards, chat rooms, collaborative document exchanges 

and cooperative experimentation. Within a technology-mediated environment, 

language and perception can interact. In this environment the cultural and social 

interactions translate to interactions between teachers and learners and the 

technology, and can be both assisted and enabled by the technology. Land et al. 

proposed that this technology mediation is called ―infomate‖ not ―automate‖ 

(Land et al., 2002). It is necessary to ensure that a distinction is made between 

the capacity that information technology has to automate system functions with 

the capacity to convey the means to share and re-shape information through a 

collaborative process. Consequently, the success of the learning will be 

determined by the quality of the social and cultural interactions in the learners‘ 

surrounding environment (Zappala, 2007) or what Vygotsky terms zone of 
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proximal development (Oliver, et al., 1997). Within this collaborative learning 

environment, the teacher becomes the assistant whose role is to facilitate the 

interactions and to promote and guide the learning but not to enforce it, as 

learning, in terms of creating the internal knowledge frameworks, is still an 

individual process. The shared knowledge in this environment is socially 

constructed and has no absolute value but a socially agreed value. 

 

Vygotsky introduced two major concepts in his theory of learning, the more 

knowledgeable one (MKO) and the zone of proximal development (ZPD). The 

purpose of these concepts is to provide a support system for the learner and to 

guide and facilitate the learning. Learning in this context will occur through a 

process of alternate support and release from the MKO, usually a teacher or 

another more experienced learner, depending on the level of confidence 

displayed by the learner.  The ZPD measures the distance between the levels of 

confidence and lack of confidence by the learner and is used by the MKO to 

provide the level of support required (Vygotsky, 1978). Other forms of social 

constructivism are: communal, radical and critical constructivism.  

 

2.2.3 Communal Constructivism  

Communal constructivism as proposed by Holmes et al. (2001) and Tangney et 

al., 2001) is a learning approach in which learners and educators through active 

interaction with the learning environment contribute to the creation of knowledge 

for the benefits of future learners. In this environment each participant is both a 

contributor to the learning environment and a user or learner. It can be used to 

identify effective methods to support and promote learning in specific type of 

environments (Holmes et al., 2001).  Although the communal learning approach 
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is workable in non-technological environments, it adapts well to technology-

mediated environments as they provide an excellent medium for collaborative 

learning and provide a number of appropriate software tools, such as blogs, 

wikis, and MOOs (Holmes and Gardner, 2006). The approach was successfully 

implemented in the chalk and face at project with the Senior Students of St 

Brigid's National School (Meehan et al., 2001). This approach is adaptable to 

complex and challenging learning situations where traditional strategies have 

partially succeeded or face difficulties, such as teaching and supporting students 

with disabilities. Holmes (2006) and McGuirk et al., (2002) propose communal 

constructivism as a viable approach to accommodate for the needs of learners 

with disabilities. McGuirk et al. (2002) carried out a study using the approach 

with visually impaired learners. The study demonstrated that the approach was 

successful in integrating visually impaired students into a mainstream classroom. 

 

2.2.4 Radical Constructivism 

Radical constructivism as proposed by Glasersfeld (1990; 1991; 1996) argues 

that if we believe that all knowledge is constructed in the mind then it cannot 

claim to represent a true reflection of the external world but merely a 

representation of how we perceived the external world through our own current 

experience. Our perception and representation of the external reality may change 

under different conditions and experiences, therefore proving that the external 

world is not a fixed reality but an evolving one. This suggests that radical 

constructivism cannot be validated by scientific or empirical knowledge as it 

refutes the existence of the empirical certainty.  
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Learning in this approach is seen as a process of dynamic adaptation as learners 

construct knowledge based on the available view of the external world but 

reconstruct it as necessary to accommodate new experiences. (Glasersfeld, 1990)  

 

There are different views within the proponents of radical constructivism, 

Bateson (1987) and Maturana and Varela‘s (1992) position is that the learner‘s 

relationship with the external world is more interactive that what Glasersfeld 

suggests. For Maturana and Varela, the learner and his/her external environment 

are reciprocal and that it is the continuous process of the interaction between 

learner and environment that models the external reality; the learner is the active 

constructor of the dynamic external reality (Doll, 2008). 

 

According to Proulx (2008) the main difference with Maturana and Varelas‘s 

theory involves their interpretation of reality and knowledge especially their idea 

of merging both the learner and their environment to create and give meaning to 

the external world. It is based on this divergence that their theory of cognition is 

referred to as enactive or enactivism.  

 

2.2.5 Enactivism 

Bruner first introduced the concept of enactivism in 1966 as a theory to explain 

the organisation of knowledge in relation to the individual‘s interactions with the 

world. Maturana in 1980 introduced the concept of autopoesis that has become 

the foundation for the biology of cognition, which gave origin to the 

development of enactive cognitive science (Garcia-Tello, 2007). The 

fundamental principle in enactivism theory states that there is a co-emergence 

relationship between the living system or systems and the environment. A 
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change in one generates a change in the other and as long as the interaction 

continues the two continue to co-emerge and reconstruct (Maturana, 1987). In 

the case of an e-learning setting, learners and educators represent living systems 

and the cyber classroom represents the environment. The central idea to 

enactivism is the transformation of information into knowledge by a process of 

situated interactions. Frielick (2004) raises the question of whether or not 

enactivism will be able to replicate the interaction processes of embodied 

organisms. With this statement Frielick is voicing Dreyfus‘ argument about the 

inability of e-learning environments to provide deep learning and expertise and 

the suggestion that they are suited only for lower level skills acquisition. This 

question will trigger further research into the nature of enactivism and its 

contribution to learning. 

 

2.3 Learner Control 

The definition of learner control often appears to be elusive. In its broadest 

sense, learner control refers to the level of self-determination that the learner has 

in making decisions about his/her learning (Doherty, 1998). Learner control is 

often being addressed in combination with other factors.  For example, learner 

control and attitude towards the technology-based system used (Ivanoff and 

Clarke, 1996; Mitra, 1997) and learner control and epistemic beliefs (Jacobson, et 

al., 1996). Learner control, within the scope of this study refers to the degree of 

autonomy that learners have in organising, pacing, sequencing and using the 

available learning resources. That is, the ability and power of adapting the 

technology-mediated environment to suit their individual specific learning needs 

(Perez and Jo, 2000a). Control over their learning direction and pace is made 
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possible by the many alternatives and choices that a technology-mediated 

learning system offers the learner (Bagui, 1998).  

 

The level of control that the learner needs to exert over the learning environment 

is not constant over time. Learners will engage in different levels of control 

depending on their individual learning style (Rasmusen and Davidson-Shivers, 

1998), prior knowledge of the material or related material (Fitzgerald and 

Semrau, 1998), attitude towards information technology (Ivanoff and Clarke, 

1996; Mitra, 1997), familiarity, motivation, and aptitude (Merrill et al., 1992) and 

past experience, initiative, intellectual and social maturity, metacognitive 

proficiency, and insights (Ewing et al., 1998). 

 

There is substantial research being conducted on the issue of learner control and 

its effectiveness in technology-mediated environments (Kay, 2001; Magoulas et 

al., 1997; Lawless and Brown, 1997; Kelly, 2008). However there is little 

agreement on the identification of a unified method of implementation and 

evaluation. 

 

2.3.1 Roadblocks in Learner Control  

This section concentrates on identifying the roadblocks that hinder the success of 

learner control. Although current research acknowledges the potential benefits of 

giving learners a greater degree of control in the way they navigate the learning 

landscape, especially, in terms of pacing, sequencing and amount of materials 

used, there are still roadblocks that must be removed in order to ascertain its 

learning value. One of these roadblocks is the reduced feeling of ownership 

experienced by some learners. Armitage et al. (2004) reported that research 
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shows that allowing learners greater control and navigational freedom does not 

increase their sense of ownership and therefore is not translated into learning. 

Scheiter and Gerjets (2007) suggest that there are four major factors involved in 

determining the effectiveness on learner control: usability, learner characteristics, 

lack of conceptual foundations, and methodological shortcomings of studies 

presented. 

 

Usability problems are not only related to the use of the technology. Most tertiary 

education students today feel at ease in the technological classroom. However, 

not all learners thrive in these environments and some feel de-motivated in self-

controlled environments due to lack of interaction. Motivation alone is not 

sufficient to ensure success in learner-controlled environments. Over enthusiastic 

learners, for example in discovery learning approaches, may sometimes 

experience cognitive overload (Adelson, 2004) if the educators fail to identify 

poor navigational skills on time. This denotes a need for guided control. The 

educator in this situation should release control only when the learner is equipped 

with the skills to handle it without jeopardising the learning objective. In itself, 

the previous statement undermines learner control as it acknowledges that the 

educator is controlling the overall environment and shares control as required by 

the user but without the user acknowledgment. In other words, the educator never 

diminishes his/her own control over the learning, just makes decisions on 

whether or not to share it. The challenge is to use current technology to design 

and implement learning environments that watch over the learner‘s navigation 

and behaviour and report back to the educator in a timely manner. In spite of the 

advances in technology, many times the new media is not matched by new 

delivery methods. In these instances it just mimics or mirrors traditional ways.  
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Silva and Lima (2008) reported that although many architects use modern 

computers they continue to follow old teaching methods and do not reap the 

potential benefits the new technology offers. 

 

In addition to the technology used, the personal learner characteristics and 

learning style play an important role on the effectiveness of any approach 

selected to deliver learning materials. There is extensive research on the effect of 

prior knowledge (Alexander et al., 1994; Shin et al., 1994; Chen and Ford, 

1998). Prior knowledge is not always an indicator of performance success, as it 

has to be analysed in conjunction with other variables such as motivation, self-

regulation (Kinzie, 1990) or individual differences (i.e. gender) cognitive style 

and learner curiosity (Wang and Beasley, 2002). 

 

The learner control debate continues, as current research is mostly inconclusive 

However, although there is no empirical proof to ascertain the superiority of this 

approach, there have been reports of successful implementations in a variety of 

environments. Kelly (2008) presents a good example of a learner control 

adaptive system. Further research needs to be carried out to identify the factors 

contributing to either the success or failure of this approach (Maier, 2002; Ford 

and Chen, 2000). A path for success is generally taken for granted in supposedly 

constructivist learning systems but rarely delivered (Shih and Chen, 2000). It is 

believed that the foundations for this path can be built on interaction and 

collaboration between the learner and the educator. Vygotsky's (1978) concept 

of zone of proximal development (ZPD) elucidates the importance of these 

interactions, the greater the quality of the interaction the greater the learning. 

There is a measurable difference in what learners can do on their own and what 
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they can achieve through interacting and cooperating with others, especially 

when the collaboration and cooperation occurs with more experienced people 

(Tiffin and Rajasingham, 1995) as they provide a richer environment to 

challenge the learners‘ existing knowledge. 

 

2.3.2 Sequence Control and Learning Styles 

Learner-controlled learning sequence refers to the learners‘ capacity and desire 

to select the order in which to work or study the learning materials provided by a 

technology-mediated learning system. Within this context, learning sequence is 

equated with navigational patterns. In order to be efficient, the system must 

provide well-structured and sequenced learning materials that are appropriate for 

both linear and nonlinear learners (Ivanoff and Clarke, 1996). Linear type 

learners seldom question the learning sequence provided; they progress through 

the material as it is presented. Some learners learn best when they exercise self-

control over the learning environment, but this is not true of all learners (Snow, 

1980; Friend and Cole, 1990). Beginners often benefit from having a structured 

learning path (Eaton, 1996). However, nonlinear learners possess an innate need 

for exploring the material presented before settling down for a specific sequence 

(Kelley and Stack, 2000). At times, however, the educator must constraint the 

environment. For example, if a unit contains health and safety instructions about 

working in a science laboratory this section of the unit must be completed before 

a student is allowed into a science lab, and therefore, the sequence cannot be 

altered for safety reasons.  
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2.3.3 The Problem of Attrition 

High attrition rates during the first year are common amongst college and 

university students and this rate is even higher in e-learning environments 

(Martinez, 2003; Clark 2002). The reason for this is often attributed to lack of 

maturity to undertake tertiary study and lack of preparation for self-directed 

learning. Candy et al. (1994) suggests that this maturity emerges with the 

development of skill and confidence as these will lead to the enabling 

characteristics of higher learning. Research suggests that the reason why some 

learners succeed in traditional classrooms, but fail in online learning is because 

learners starting at tertiary level have acquired a working knowledge of the 

traditional classroom interaction and processes and find it difficult to adapt to the 

new environment (Martinez, 2003).  A study carried out by Levy (2007) points 

out that one of the principal factors contributing to students‘ dropout rate in 

tertiary education is lack of satisfaction. Chyung et al. (1998) reported that 42% 

of students attributed their dropping-out of e-learning courses to lack of 

satisfaction with the learning setting and approach. The challenge for educational 

institutions is to bridge this gap by providing more personalised and less isolated 

or intimidating environments. Research carried out on locus of control reveals 

that learner psychological motivators such as personality, emotion and intention 

are just as important as mental ability such as memory, as these influence 

specific aspects of learning. Studies show that learners with an elevated internal 

locus of control display high independence of thought and action and are highly 

motivated, while learners with elevated external locus of control need or prefer 

to be directed on their pursuit of knowledge (Rotter, 1990). The learning 

environment for the latter group represents undiscovered territory that they fear 

to enter. Attrition rates are higher amongst learners in the external locus of 
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control category. Some measures introduced to retain learners in e-learning 

environments have backfired. Attempts to make e-learning more appealing by 

introducing ―glitz and games‖ have failed. Clark (2002) reports that in one study 

in six out of six experiments, learners provided with the original materials learnt 

more than the ones with the enhanced eye-catching materials. The same results 

were reported with the use of fancy background, music and sound (Clark, 2002).  

 

There is ongoing research in this area and some new approaches are being 

developed and implemented, for example, Online Human Touch (OHT). OHT is 

a strategy that has been successfully used at Drexel University to increase 

student retention rates in online learning. OHT is used in a holistic manner and 

encompasses not only the learning environments but also the overall experience 

of being part of the university. It has been designed to provide a personalized 

online environment that includes all areas of interest to the learners from the 

recruitment process and services available on campus to the inclusion of external 

and social events (Betts, 2008). 

 

 

2.4 The Role of the Teacher in Technology-mediated 

Environments 

Frank Wydra anticipated a learning environment in which the teacher‘s role focus 

changed from delivering instruction to designing the instruction (Wydra, 1980).  

By the hand of technology we may transform the teacher from the ―sage on 

stage” to the ―guide at the side” (Andrews, 1997). Although, in this digital era 

the balance of control needs to shift from the teacher to the learner, it does not 

mean that learners will be able to, or should, take over the control completely. 
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The shift must be an intelligent compromise. Existing teaching practice cannot be 

substituted by technology-based materials (Ljoså, 1998). 

 

Within a technology-mediated learning environment, the educator‘s role, far from 

becoming redundant, metamorphoses into a more challenging and active one. The 

educator becomes the leader, designer and manager of the learning environment 

(Doherty, 1998). Other vital functions are: initiating the learning process; 

supporting, encouraging and motivating the learner; and mediating between the 

learner, the technology and the resources (Ewing et al., 1998). 

 

The new role of the teacher in technology-mediated learning is a very demanding 

one. Ewing et al. (1998) emphasise the great deal of effort that goes into planning 

and preparing technology-mediated learning materials and environments. The 

design and development of multimedia teaching material, especially for distance 

education, is a time-consuming process. For one hour of CBT software, 

approximately 200 hours of development time are required (Kawalek, 1997). 

This includes the educational design, such as the creation of the learning 

materials, and the design and implementation of the technical environment, 

which involves technical skills and expertise.  

 

The educator‘s role does not stop after the planning, designing and preparation of 

the technology-based materials. Once the system is operational the educator 

facilitates the learning, monitors learners‘ progress and evaluates the performance 

of the system, the learners‘ and his/her own in order to further improve the 

system. ―The need for the teacher does not go away” in a technology-mediated 

environment with emphasis on learner control (Andrews, 1997). Although 
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current technology has the capability to support high-end learning environments, 

not all learners are able or willing to self-manage and control their learning 

experience and sequencing of learning materials. Within the context of e-

learning, the degree of learner control remains a personal choice (Perez and Jo, 

2000b). 

 

2.5 Areas of Concern in Learner Control in Technology-mediated 

Environments 

The main points of concern about relinquishing total control of the learning 

sequence to learners are as follows: (1) the risk of devaluating the educators‘ 

professional responsibilities towards learners. Learners have expectations about 

the role and expertise of educators and these, if required, must be fulfilled; (2) the 

risk of misreading learning styles, preferences, and learners‘ needs, and in 

consequence, wrongly labelling learners under a static classification. A learner 

can engage in different learning styles and display different preferences in 

different situations. Their needs will also change in different contexts; (3) 

inefficient use of human and physical resources can occur if learners‘ needs are 

not identified within an acceptable timeframe; and (4) the learner can be alienated 

from the learning environment: a negative experience with a technology-

mediated learning system might alienate the learner from similar educational 

settings.  

 

2.5.1 Educators Role and Responsibilities 

Learners have expectations about the educator‘s role and responsibilities. They 

join educational institutions expecting expert guidance and support. If learners 

did not consider this expert guidance necessary, they could just access a textbook 
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or other available learning resource and learn from them. Most learners seek after 

the educator‘s presence and expertise. This presence may be physical, as in the 

case of the traditional classroom, or electronic via e-mail, chat sessions or 

forums, as it is in technology-mediated learning environments. Cohen (1994) 

found that students are not likely to engage in the kinds of task-specific discourse 

that can lead to learning complex information unless they receive clear and 

explicit assistance, either in advance of group work or during cooperative 

discussions. It is pre-supposed that educators possess knowledge of the subject 

content and an understanding of the underlining learning pedagogy, under which 

framework, the learning is delivered (Andrews, 1997). This implies the ability to 

provide quality learning materials that are: (1) appropriate and relevant for the 

subject; (2) sufficient to achieve the learning objectives; and (3) adaptable for 

different learning styles and learners‘ needs. 

 

2.5.2 Trust of the Capabilities of the Learning Environment 

Maintaining the trust of the learner is essential for any learning system to 

succeed. Current research suggests that learner control and attitude towards 

technology may be a determinant of performance in technology-based learning 

systems (Ivanoff and Clarke, 1996; Mitra, 1997; Pérez Cereijo, 2006). Positive 

experiences, not necessarily high achievement, will help learners to trust the 

learning environment and its inhabitants. Gray (1988) found that learners who 

have been given too much control over the branching of instruction in a CBI 

environment might acquire negative attitudes towards the learning system. Ross 

and Rakow (1981) suggested that learners should be given guidance when they 

are given control. In a CBI environment, a learner, who is left to his/her own 
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resources and strategies without having access to an efficient, non-intrusive, help 

mechanism, may lose confidence in the system.  

 

2.6 Chapter Summary 

The literature review has explored the main areas of interest for this study: 

constructivism; learner control; and the educator‘s role in technology-mediated 

environments.  The learning theory under focus is constructivism. The review 

has presented an overview of constructivism from early pioneering works by 

Piaget, continuing to the social constructivist view of Vygostky, followed by the 

most radical views of constructivism, such as the work of Glasersfeld (1990) and 

the enactivist theory of knowledge and learning as presented by the works of 

Maturana and Varela (1992). The main difference between these approaches is 

expressed in their views about the construction of knowledge in the individual‘s 

mind (the internal reality) and the effect that the external reality (environment) 

plays on this knowledge construction. In Piaget‘s view the learner constructs 

knowledge by comparing the existing internal schemata with new experiences 

and recreating the internal schemata accordingly (Piaget, 1970). Social 

constructivists argue that the construction of internal schemata is shaped, not 

only by personal new experiences, but also by the interactions with the external 

world, especially language based interactions. Radical constructivists go further 

and suggest that if all knowledge is constructed in the individual‘s mind it does 

not represent the external reality but an experiential perception the external 

world. The enactivist view of knowledge construction claims that the interaction 

between the individual and the environment merge to create the external reality 

(Maturana and Varela, 1992). 
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Learner control has the potential to increase learners‘ motivation, organisational 

skills, and performance but it can also prompt the opposite reactions. The 

information presented in this chapter indicates that learner control has to be 

analysed in conjunction with other variables such as prior knowledge, prior 

perceptions, and learning style and learner preferences. In addition to these, not 

all learners behave the same when placed in a position of control. The degree of 

learner control required changes in each situation depending on the learner 

characteristics and environment conditions.  This is the challenge; implementing 

a system that recognises the learners‘ characteristics in each instance and that 

determines and distributes the control between the system, the educator and the 

learner as required. 

 

This section has also presented an overview of current issues surrounding the 

educators‘ role in the current the technology-mediated environments. The 

educators‘ role maintains its relevance in any learning setting. The inclusion of 

technology in the equation changes the delivery arrangements but does not 

replace the need for the educational expert to organise, guide, support and 

intervene to ensure that learning, instead of cognition overload, or lack of interest 

or alienation, will set in. The examples presented on the high attrition rates in e-

learning environments demonstrate that learners still consider the traditional 

approach a relevant one.  

 

It is a common misconception to equate the proliferation of e-learning systems 

with the redundancy of teachers/educators. Terminology is partly to blame for 

this, as it has been used to dissect the educators‘ role into a myriad of terms. 

These terms are just definitions mostly used to match job titles to salary scales. 
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The success of an e-learning system is dependent on the educator‘s instructional 

abilities, skills and commitment to the learning endeavour. Independent of the 

delivery method used, the educator will be the leader, designer and manager of 

the learning environment; and will act as a mediator between the learners, the 

technology and the environment, whether the technology is a sophisticated 

technological environment or blackboard and chalk. Fox (2001) claims that 

constructivism is often oversimplified and that one of the misconceptions of 

constructivism is that it fails to recognise that learners are not always actively 

seeking to construct knowledge or remembering previous knowledge patterns or 

frameworks. Sometimes they are just not interested or motivated and, in these 

instances, they may benefit from the expertise of educators and often require 

face-to-face instruction and demonstrations (Fox, 2001). 

 

Referring, for example, to social constructivism, Vygotsky (1978) introduced the 

notion of the more knowledgeable one (MKO) and the zone of proximal 

development (ZPD) to provide a support system for the learner and to guide and 

facilitate the learning; therefore acknowledging the educators‘ role. Communal 

constructivism works on the principle that knowledge is created from the 

interaction with experts; these can be advanced learners and educators.  

 

In conclusion, this chapter has presented an overview of current constructivist 

learning theories and how they relate to learner control. It has also provided an 

outline of different views on the role of the educator in technology-mediated 

environments. 
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CHAPTER THREE 

Methodology 

 

 

 

 

 

3 Methods and Procedures  

This research study involves the designing of a technology-mediated conceptual 

model, its implementation, delivery and analysis of the results. Two groups of 

first year Bachelor of Multimedia students were chosen for the study. 

Constructivism was selected as the preferred pedagogical approach because it 

emphasises the individuality of the learners and acknowledges their differences 

in constructing and achieving learning, illustrating that an effective learning 

system must be adaptable to the learners needs.  

 

This study is based on existing research in technology-mediated learning 

systems. Primarily, it focuses on: works on constructivism and individual 

learning style (Ewing et al., 1998; Kanuka and Anderson, 1999; Oliver and 

Herrington, 2003); analysing navigation through educational hypermedia 

(Chavero et al., 1998; Brusilovsky, 2003); learner control in asynchronous 

learning environments (Doherty, 1998; Beyth-Marom et al, 2005); and learner 

control in adaptive systems (Joung, 2004). 

 

3.1 Architecture of Technology-mediated Adaptive Model (TAL) 

The conceptual model developed for this study is based on constructivist theory 

as presented by the work Piaget (1970). In this approach learners internalise the 

knowledge and are actively involved in the process of learning new concepts or 
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applying existing knowledge to new situations. This approach has been selected 

on the rationale that learners in the study are all assumed to possess some prior 

knowledge. With reference to learning performance or achievements, each 

learner‘s starting point is different and therefore the individual performance can 

only be ascertained in comparison to the learner‘s individual progression. The 

study uses this view of constructivism to analyse learning from an individual‘s 

perspective. Other forms of constructivism such as social constructivism, as 

proposed by (Vygotsky, 1978), or the radical constructivist theory of 

(Glasersfeld, 1990) view learning as a process that occurs within a social 

environment in which the learner interacts with other learners and with the 

environment. The researcher acknowledges that although these are plausible 

learning theories, they are not appropriate for the purpose of this study. This 

study concentrates on investigating and analysing the system‘s adaptability from 

an individual‘s perspective and the degree of control that individual learners 

exercise on the learning environment. Henceforth, the term constructivism is used 

in this context, and to this effect, the learning model developed is based on the 

following principles: 

 

 All learners are different 

 Learning is individual to each learner 

 A learner can learn at different speed levels in different situations 

 A learner can engage in different learning strategies simultaneously 

 Learners learn best within a context 

 Learners construct and reconstruct knowledge as they seek to understand 

and explain their environment 
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The concepts of learner individuality and learner control are essential to this 

study‘s view of constructivism (Ewing et al., 1998; Perez and Jo, 2000a). The 

main variables involved in the proposed model in relation to learners control and 

learners‘ choices and options are: 

 

 Learning objectives 

Learning objectives within the model will be explicit, clearly specified 

and achievable.  

 Amount of information provided and used 

The system will contain all the information necessary to achieve the 

specified learning objectives, or provide references or links to aid the 

student in acquiring it. However, the learner controls the amount of 

information that is actually used. A learner can discard a particular piece 

of learning material in favour of another, which has been acquired from 

external sources if they find it easier to understand or visually more 

appealing.  

 Learning material appearance and mode 

A genuinely adaptive technology-mediated learning system must allow 

learners to customise the appearance and mode of the material displayed. 

This may include: changing background and text colours, and choosing 

between text, graphics, audio and video modes. 

 Pacing and timing 

The learner has the autonomy of pacing his/her learning and scheduling 

his/her study time. However, in some instances, this has to fit within the 
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general time-frame allocated to the course or subject. The designer will 

control the general time-frame, if one exists. 

 Sequencing 

Learners will be free to use forward and backward navigation through the 

system as long as it does not compromise the learning itself. For example, 

if the completion of a task is the pre-requisite for another, allowing the 

learner to move onto a task for which a pre-requisite has not been 

completed might result in a waste of time and unnecessary added 

frustration for the learner.  

 Place and location 

Technology-mediated learning offers the possibility of accessing and 

using learning materials at different locations. Using the proposed model, 

learners can now study at home, at appropriately equipped learning 

centres, at traditional classrooms or on-the-go using mobile technologies. 

 Monitoring learners’ individual progress 

Educators are in control of monitoring the learners‘ individual progress. 

Based on the analysis of the learners‘ performance, instructors can either 

guide or advise the learners through different strategies or modify the 

system. 

 Interaction and collaboration 

The system will provide the capability to allow learners to interact with 

each other and with their instructor(s). This communication may occur, 

for example, through e-mail and online forums. If a learner needs or 

prefers to have face-to-face consultation with an instructor or teacher they 
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can arrange a meeting via email. Physical communication is also part of 

the model. 

 Non-assessable Evaluation 

Non-assessable Evaluation within the system is used to reinforce the 

learning and to provide feedback to both the learner and the educator. The 

system includes a series and quizzes and online tests to familiarise 

learners with the necessary knowledge to achieve the learning objectives. 

Formal assessment is performed external to the learning environment. 

 

The conceptual model in this thesis emphasises and covers all the features 

presented with the exception of audio and video, which are not a major concern 

of this implementation. 

 

3.2 Implementation Method  

The implementation method consists of an Internet delivery platform that can be 

accessed by students on and off campus via wired or wireless networks. The 

system uses open source software. The internal mechanism of the TAL model is 

a combination of HTML documents, PHP (Hypertext Pre-processor) scripts, a 

database management system (MySQL server), and an Apache web server. The 

HTML documents provide a widely-available web interface as it can be used in 

flexible learning mode as well as distance learning. The PHP scripts are 

embedded within the HTML documents and provide the link between the 

learners‘ learning environment and the database. The scripts will transfer and 

record the learner‘s progress and performance, navigational paths, usage of the 

system, preferences and feedback to the database. Figure 1 presents a graphical, 

system components overview. 
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Figure 1 Overview of the TAL Model System Components 

 

The model uses a relational database, designed using entity relationship 

conceptual modelling guidelines, as well as formal normalisation methods as 

suggested by (Elmasri and Navathe, 1989). The database within the TAL system 

records the learners‘ navigational patterns, performance, usage, learners‘ 

feedback and opinions. This information is available to the educators in two 

different ways: from Overview of the TAL Model System Components within 

the TAL model environment; and from the MySQL server directly. 

 

 From within the TAL system, the educator can access learners‘ profiles via a 

predetermined query set. The query set includes a menu of pre-formulated 

queries, which allow the educator to access and analyse the learners‘ performance 

and usage of the system. This query set can be expanded when necessary. 

Learners are also able to receive information from the database by accessing their 

profile. The educator can access learners‘ profiles directly from the MySQL 

server whenever the need for a new query, not included in the pre-determined 

query set, arises. 
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PHP was selected to develop the TAL prototype because of its simplicity as an 

HTML-embedded scripting language. As a server-side scripting language, PHP 

contains most of the capabilities present in Java, C++ and Perl. Another 

advantage is that the combination of PHP/MySQL can be used across different 

software platforms, for example, UNIX, Linux, and Windows. MySQL is a small 

compact database server that supports standard SQL (Structured Query 

Language) with true multi-user, multi-threaded capabilities. 

 

The TAL model can be delivered via either the Internet or an intranet. For testing 

and analysing the learning system, it is best to have a computer laboratory 

equipped with multimedia PCs and an educator present in the room to evaluate 

the system. However, it is expected that, in practice, most learners will access the 

system from a variety of locations. 

 

3.3 Research Group Population Sample 

The research group population sample in this study has been selected using a 

stratified random sampling approach. Learners were asked to voluntarily join a 

course using online delivery for one of their first year university subjects.  The 

students were divided into two groups. Then each group was given different 

delivery modes. The Free Control group (FCG) was the treatment group for the 

study, and the Restricted Control group (RCG) was the control group for the 

study. Each group was divided into strata, or sub-groups, and a sample was taken 

from each stratum, a technique outlined by Prem (1998). The division was 

considered necessary in order to have two demographically comparable groups 

for the study. The strata criteria were gender and age ratio, and previous 

computing knowledge.  
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Both groups took part in the online course built on the TAL model. The course 

comprises four units and was delivered over a period of six consecutive weeks. 

This was followed by a two-week study period and a formal university 

examination. The FCG had access to all the TAL system learning materials from 

week one. Learners had total control over the learning environment and there 

were neither navigational restrictions nor pre-requisite rules set. On the other 

hand, the RCG had restricted control and had access to one unit per week. 

Progression to the next unit was dependent on having completed the previous 

week unit‘s online test. The theory content, exercises and online assessment were 

identical for both groups; the difference resided in the learners‘ access control 

over the learning materials and navigational method.  

   

Face-to-face consultations, by appointment, were available to both groups on a 

weekly basis, if required. The performance of the two groups was compared and 

analysed after the study was completed. 

 

3.4 Data Collection and Analysis 

Data collected from this study falls into two major categories, electronic and 

paper-based data. Electronic data refers to the data stored within the TAL‘s 

system database, such as survey results, navigational patterns, performance, 

usage records and feedback. A subset of the electronic data is the information that 

can be derived from the database through the standard query set or through 

manual queries. The sources of electronic data are: 
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 Pre-delivery start survey: This survey collected demographic data 

including preferred learning styles, knowledge and skills, and opinions on 

e-learning. 

 Navigation tracking: This feature tracks and records all user navigation. 

Its purpose is to analyse the navigational patterns. 

 Assessment and performance records: This includes the database 

records on online evaluation such as quizzes, and online tests. 

 System usage: The usage of system facilities such as help, email or 

glossary access is recorded on the database. 

 Feedback and comments: The database records all feedback and 

comments entered by the learners. Feedback is anonymous and is 

recorded without the user logon details. Learners are able to use the 

internal system email to communicate directly with the educator if they 

need to. 

 

Paper-based data, collected external to the database, includes: 

 University final examination results: All learners sat for the same 

examination.  

 Post-exam test results: A post-exam test paper was given to all learners 

two weeks after the final examination. The outcome of this paper did not 

have any effect on the students‘ grades. Its purpose was to ascertain the 

knowledge retention of the learners over time. 

 Post–delivery survey: All learners completed this survey a week after 

their final examination. 

 Records of focus groups sessions: After completing the course, learners 

were invited to contribute to two focus groups, one for each major group. 



40 
 

Another university researcher moderated these sessions. The purpose of 

these focus groups was to gather qualitative data from the learners as they 

were invited to provide feedback and evaluate the system in terms of their 

experiences and perceived system strengths and weaknesses. 

 

The data analysis uses a combination of quantitative and qualitative methods to 

support the range of data collected. The quantitative data analysis is performed 

using inferences about the difference between two population means for small 

and independent samples having unequal standard deviations. The random 

stratified sampling allowed the samples to be independent (Prem, 1998). This 

method is known as ―t-Test Two-Sample Assuming Unequal Variances‖. 

 

The results of the final examination and the post-delivery survey are the main 

sources of quantitative data used for analysis of the main independent variable, 

the degree of learner control. The qualitative data obtained from the focus groups 

was used in the qualitative analysis and has been used in the study to support and 

explain the quantitative evaluation, as well as to gain an insight into the learners‘ 

perspective on their learning processes and of the system. 

 

3.5 Chapter Summary 

This chapter has presented an overview of the architecture and major components 

of the conceptual model used to build the learning system for this study. The 

model is designed and implemented under a constructivist framework and 

includes learner control capabilities. The implementation method selected is a 

technology-mediated system using an Internet-based or intranet-based delivery 

platform that runs independently from the university main server. It is supported 
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by an Apache server and integrated with a database management system (DBMS) 

using a MySQL server and PHP as the main scripting language.  

 

The research group population sample is composed of two sub-groups, with 

demographically comparable characteristics, that have been selected using 

random stratified sampling. Data collected from this study falls into two major 

categories, electronic and paper-based data. The study uses an explorative 

research approach that presents results using a combination of quantitative and 

qualitative data analysis. The quantitative data analysis is based on the 

performance results of the treatment group, FCG, and the control group, RCG 

and on the post-delivery survey. The analysis tool used is t-Test to find the 

inferences about the difference between two population means for small and 

independent samples having unequal standard deviations. 
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CHAPTER FOUR 

Conceptual Model  

 

 

4 The TAL Model 

One of the major problems with current technology-mediated systems is that 

their effectiveness is often constrained by the implementation method, by the 

user‘s personal preferences and learning styles (Scheiter and Gerjets, 2007; 

Oliver and Herrington, 2003; Spector, 2001) and learner perceptions (Lee, 2000; 

Jones and Liu, 2001). The model presented in this study attempts to provide an 

operational solution to this problem by offering a level of adaptability that will 

satisfy the needs and preferences of diverse types of learners. The adaptability of 

the system allows it to be implemented in a variety of modes: as the sole means 

of instruction; in a blended mode; as a tutorial; or a supportive system. 

 

The model presented is based on constructivism and places particular emphasis 

on providing an adaptable approach, which fulfils the requirements of linear 

learners. This is done by providing a well-structured educational path through the 

materials, ensuring that all necessary content is provided and follows a logical 

progression. At the same time, it provides a nonlinear option for nonlinear 

independent learners who prefer to find their own way of doing things. Linear 

learners follow the structure provided and rarely make decisions about the 

sequencing or pacing or amount of materials needed, but the options are 

available if they feel that they want to take this path. The options are just a ―click 

away‖ to use a different navigational approach. Joung (2004) suggests that 
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complexity should be hidden from learners but they need to be made aware of 

the options available and the potential flexibility of the system. 

 

4.1 Conceptual Model Constructivist Learning Principles 

The aim of the conceptual model is to offer an adaptive learning system that 

caters for different types of learners and learning styles with a special emphasis 

on learner control. This model operates within general guidelines of a 

constructivist approach to learning (Ewing et al., 1998), based on the principles 

presented in Section 3.1 for the TAL model. 

 

In terms of knowledge acquisition and representation, constructivism focuses on 

the individuality of the learners and the way they construct and reconstruct their 

internal knowledge representations by comparing what they already know with 

what a new experience presents. If the experience is found to be identical, their 

mental abstract concept remains the same. In contrast, if the experience is 

different or contradicts the existing concept, a new updated concept replaces the 

old one (Piaget, 1970). This suggests that learners who are continually exposed 

to new experiences have more conceptual knowledge and therefore, the ability to 

expand their knowledge base. It also elucidates that not all learners learn at the 

same pace, although they use the same stages of knowledge construction, and no 

two learners start a course or unit having exactly the same knowledge level. 

 

The model presented here considers the constructivist principles presented in 3.1 

and provides a learning environment capable of supporting learners 

independently of the skills level they possess when entering the learning 

environment. Learners can progress through the learning material at their own 
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pace, without the need to catch up with other learners or attend remedial classes. 

To achieve this, the model ensures that the learning objective is clear and that all 

necessary information is contained within the learning environment. The 

educator can use well-defined objectives to determine the content and procedures 

to facilitate the learning and learners can used them to benchmark their progress 

(Liu and Lohr, 2004). The decision of what to use or when to use it depends 

entirely on the learner. If the learner is not confident to make these decisions 

they can follow the default linear structure. They can alternate between the self-

directed and default linear structures as required. Table 1 depicts the main 

variables involved in the conceptual model in relation to learning control and 

learners‘ choices and options. 

 

LEARNING VARIABLES 
Controlled by … 

INSTRUCTOR LEARNER 

Learning Objectives YES NO 

Amount of information provided YES NO 

Amount of information used 
Addition/removal of material 

 Desirable 

Material appearance and mode  Desirable 

Pacing, time (When necessary) Desirable 

Sequencing (When necessary) Desirable 

Place, location  Desirable 

Monitoring learners’ individual progress YES  

Interaction and collaboration YES YES 

Assessment YES 
 

Table 1  Control Variables in Proposed TAL Model 

 

The aim of the conceptual model is to empower learners, not to force them to 

take control. In the example depicted in Figure 2, Learner 1 (dotted line) 

possesses prior knowledge of the topic and exercises control over the learning 
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materials, sequencing through navigation. Learner 2 (dashed line) has no prior 

knowledge and is more likely to follow a linear approach to learning, seeking 

guidance when needed, until it becomes ―prior knowledge‖ for that learner, that 

is, until he/she builds a reference framework for the new knowledge acquired. 

 

As shown in Figure 2, Learner 1 starts at Resource A, but finds that he/she 

already knows and understands the content and concepts of A and B (from the 

unit outline). He/she then goes to Resource C, but first accesses an external 

resource. After working through Resource C, he/she accesses another external 

resource then goes to Resource E where he/she completes the unit. 

 

  

 
 INITIAL 
STAGE 

         FINAL STAGE aa  

 

 
   

Where             System resources 

  External resources accessed through the system 

  Face-to-face (instructor/other learners)  

  Linear Progression of learning materials 

  Learner 1 navigation path (A–C- E) using internal and external sources 

  Learner 2 navigation path (A-B-C-B-C-D-E) using internal sources plus face-to-

face support 

 

Figure 2 Learning Sequence Patterns – Linear and Nonlinear 

 

Learner 2 is unfamiliar with the learning material. He/she starts at Resource A, 

then progresses to B and C, working through each unit as he/she goes. At this 

stage, he/she needs F2F consultation, after which he/she returns to Resource B. 

Then he/she completes the unit in a linear fashion, B, C, D and E. 
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As shown in Table 1, control variables of the TAL Model allow learners the 

freedom to use forward and backward navigation through the system, as long as 

it does not compromise the learning itself. For example, if the completion of a 

task is the pre-requisite for another, allowing the learner to move onto a task for 

which a pre-requisite has not been completed may result in a waste of time and 

unnecessary added frustration for the learner. For example, moving into algebra 

without knowing how to multiply could make it much harder for a learner to 

understand the concepts.    

 

4.2 The Structure of the TAL Model  

The TAL model includes five components: the Learner Group, the Educator 

Group, the Designers Group, the Cyber Classroom Module and the Analyser 

Module, Figure 3. The overall process involves the creation of the learning 

materials by the educational designer supported, in the technical side, by the 

technology designer. The materials are then made available to the learners 

through the Cyber Classroom Module and the learners are supported by the 

educator or instructor. And finally, the learners‘ performance and feedback is 

recorded into the Analyser Module for further analysis and evaluation.   

 

4.2.1 Learner Group 

The Learner Group comprises learners. Learners in this group are expected to 

possess a variety of learning styles and preferences. They interact with the TAL 

system through the Learning Space. Communication with instructors and other 

learners occurs within the Learning Space or physically, as indicated by the 

dotted line in Figure 3.  
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Where            Technology-mediated communication (web browsing, down/uploading, email, 

forum, database updates, etc.) 

                                                Physical communication 

Figure 3 Technology-mediated Adaptive Learning (TAL) Conceptual Model  

 

 

4.2.2 Educator Group 

The Educator Group comprises the educators or instructors assigned to monitor 

and assist the learners. They can be part of Designers Group, although this is not 

a requirement. They are in contact with the learners electronically, via the 

learning space, or physically, through optional face-to-face consultations.  

 

4.2.3 Designers Group 

The Designers Group comprises both educational and technology designers, 

which can include: the educators, instructional designers, multimedia designers 

and technicians. This group is concerned with three main areas: the educational 
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design, multimedia design, and computer and Internet technology. The educator 

and the instructional designer are in charge of designing quality learning 

materials using a constructivist approach. This includes being aware of the 

subject matter as well as the pedagogical theory in use. The multimedia designer 

and the instructional designer help the educator to appropriately formulate the 

teaching materials for CBI or WBI. The technology designer provides the means 

to make the learning materials available to the Learner Group through a 

technology-mediated environment. Good skills and tools for multimedia 

authoring and technical services are required in this group. Designers in this area 

can interact with the TAL system database and monitor learners‘ navigational 

pattern and performance and, when needed, modify or update the learning 

materials. 

 

4.2.4 Cyber Classroom Module 

The Cyber Classroom Module is composed of two sub-modules: Learning Space 

module and Learning Materials module. The Learning Space module is where 

the learning materials are delivered. This is generally a type of display unit, such 

as a personal computer or portable device such as PDAs. It may also include 

equipment for sound and video. It must be easy to interact with and be self-

explanatory. Within the Learning Space the learner has the option of accessing 

Learning Materials provided by the educator, such as theory units or external 

resources such as Internet sites or libraries. 

 

4.2.5 Analyser Module 

The purpose of the Analyser Module is to provide a mechanism to record 

learners‘ feedback, and monitor and record the learners‘ navigation pattern and 
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their performance. First, it monitors and records learners‘ navigation patterns 

creating an individualised learner profile that can later be used to deduce 

learners‘ preferences and styles. Second, it monitors and records learners‘ 

performance in the form of results of quizzes and online tests or completion of 

other learning tasks. These are also added to the learner profile. Third, it provides 

the means, through analysis of the learners‘ profiles and cross-referencing the 

database, to ascertain the effectiveness of the learning system and also the 

effectiveness of the learners‘ choices in terms of navigation and sequencing. This 

information can be used to provide advice to the learner and to improve the 

system by evaluating the existing materials and options, and formulating new 

ones (Chavero et al., 1998).  

 

Although not implemented at this stage, the system will ultimately incorporate 

an Intelligence Module, which will automatically generate and administer 

changes, based on the information gathered and stored within the database. 

 

4.3 Chapter Summary  

This chapter has presented the conceptual model of the TAL system and has 

explained the characteristics and functions of its main components. The model 

builds on constructivist theory and provides an effective, technology-mediated 

system that is capable of adapting to the personal preferences and learning styles 

of a diverse group of learners. It has also presented the learning variables guiding 

the system and has outlined how control over these variables will be distributed 

between the learners and the educator or instructor.   
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CHAPTER FIVE 
 

System Implementation  

 

 

 

5 Implementation of the TAL System 

A detailed outline of the TAL system implementation process is presented in this 

chapter. It begins with a set of implementation guidelines provided to ensure that 

the main objective of the study is achieved, that is, to provide an adaptable 

learning system based on constructivism that enables learner control capabilities.  

The guidelines included are: designers‘ implementation guidelines and learner 

controlled variables guidelines. The purpose of these guidelines is to ensure that 

the technology does not take over the constructivist educational approach. To 

this end, the constructivist principles outlined in the TAL model (Section 3.1) are 

used to verify the objectives in the pre-implementation stage. 

 

In this chapter, the major components and sections of the TAL model will be 

presented, and their functions and characteristics will be explained in detail. The 

chapter concludes with the presentation of a set of delivery guidelines to ensure 

that the treatment of the two groups in this study, the FCG and the RCG is 

consistent and follows an appropriate method in accordance with the stated 

constructivist principles. The areas covered by the delivery guidelines are: 

definitions, communication and operational rules. 
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5.1 Designers Implementation Guidelines 

The guidelines presented in this section are intended for use by the system 

designers, as a way of ensuring a realistic implementation of the principles 

presented in the TAL conceptual model. The designers‘ implementation 

guidelines include objectives guidelines, structure and modularity guidelines, 

navigation guidelines, media type guidelines, and control mechanism and 

assessment guidelines. 

 

Objectives Guidelines 

All effective learning systems contain a set of core learning objectives. In the 

TAL model, core objectives are the main focus of assessment. They are the 

stated learning objectives which must be achieved in order to successfully 

complete a unit or section. By including core learning objectives, learners can 

more clearly focus on what they need to learn and be able to demonstrate at the 

end of the unit. When core objectives are clearly defined at the beginning of each 

unit or section, the learner has a better chance of successfully completing it. 

Clearly defined objectives also assist in guiding the learning choices, for 

example, they help to maintain the focus on the core concepts, rather than 

secondary information. The learning effort must be directed towards achieving 

the objectives, because assessment, as a measure of learning, will test the 

learner‘s degree of accomplishment of the learning objectives. Bick et al. (2001) 

and Liu and Lohr (2004) argue that, unless learning objectives are defined, 

educators have no concrete means to measure learners‘ success. They also ensure 

the congruency between what it is delivered and what is tested. 
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 Structure and Modularity Guidelines 

Adaptive e-learning materials must be structured as modular self-contained units 

(Schluep et al., 2005). These units should be built around a single core concept, 

which is presented in its basic form and developed to a more complex form. For 

example, when learning to add numbers, we start by adding two single digit 

numbers, then adding double digit numbers, and then move onto more 

complicated operations. In general, individual units often interrelate with one or 

more units and give form to a new entity. Think, for example, of adding, 

subtracting and multiplying as single and separate units that we can later 

combine to teach division.  In this case adding, subtracting and multiplying are 

the building blocks necessary to construct a new one and they must be learned 

before the learner can fully understand the concept of division. Adaptive e-

learning materials must be structured in such a way that they provide flexibility 

and choice but sometimes the order in which the learner must learn certain units 

must be enforced or advised. This will avoid disorientation, waste of time and 

effort (Mayer, 2003; Müller-Kalthoff and Möller 2003), or the learners being 

overwhelmed (Lowerison and Schmid, 2007). If a learner is already experienced 

with any of the units, he or she should be able to skip the current level and 

progress to the next one. 

 

Navigation Guidelines 

The TAL system includes a global graphical representation or map of the entire 

course. This type of map is helpful in guiding learners‘ navigational or 

sequencing decisions (Barba, 1993). Research carried out by Chou and Lin 

(1998) suggests that the type of map used is important and can have a significant 

effect on search efficiency. In general, Chou and Lin report that global maps are 
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preferred to local maps. In another study, Pohl, et al. (2003) also reported that 

global maps are used very often and play a significant role in learners‘ 

navigational choices. 

 

In technology-mediated environments, the notion that learning outcomes may be 

affected by individual differences and individual navigational behaviour is an 

important one to consider (Gaus and Urbas, 2003; Magoulas et al., 2003). In 

general, learners can retain graphical information better than textual information. 

Moreno and Mayer (2002) compared the effect of giving learners combined 

textual and graphical information with providing only the graphical information. 

The study confirmed that learners given only graphical information performed 

better. Moreno and Mayer (2002) recommend avoiding verbal redundancy to 

reduce cognitive overload. 

 

Media Types Guidelines 

There are several media types that can be used in the development of adaptive e-

learning environments, for example, text, graphics, sound, video and animation. 

Their use should be justified in terms of how well they can assist in explaining 

and conveying the concept being studied. The online use of complex multimedia 

elements can have a negative effect if they slow down the loading time because 

the learner can perceive them as an annoyance rather than as an enhancement 

(Hede, 2002). According to Clark (2002) too much multimedia-oriented, rather 

than content-oriented, teaching material can degrade the learning outcome by 

distracting the learner‘s focus. Generally it is better to start with a simple textual 

explanation and, depending on the subject matter, facilitate its conceptualization 

with visual representations (e.g. graphics, video, animation, games). An 
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adaptable learning system, aspiring to cater for the needs of different learner 

types and learning styles, can provide a basic text/graphics presentation and 

make available other data formats and types that the user can access if they 

require or desire, for example, sound or video (Clark, 2002). 

 

Control Mechanism and Assessment Guidelines 

Traditionally, assessment has been used as a tool to test whether or not learning 

has occurred. This type of approach presents assessment items as mere 

measuring instruments to ascertain to which degree learning conforms to the 

expected outcomes. Used in this way, it is a passive device with no learning 

capabilities. However, it can be transformed into a learning tool if its outcome is 

presented, not as a final ruling, but as a progress indicator or a guiding control 

mechanism. Designing effective and efficient assessment is a challenge. 

Educators plan teaching and learning activities to match assessment 

requirements. However, learners use an opposing view and look at assessment 

requirements to plan their learning strategy (CSHE and AUTC, 2002). 

 

The TAL model includes non-assessable evaluation, in the form of feedback 

quizzes, to ensure that the learner obtains appropriate feedback on the learning 

process, not just a judgment of their performance.  Feedback quizzes provide 

both a means of testing, and a means of monitoring progress and identifying 

revision needs. A feedback quiz is programmed to output the correct answer and 

feedback indicating which area needs revision, the corresponding learning 

objective involved and a link to the section covering the required material. These 

quizzes can be placed in every unit or activity at specific checkpoints to help 

learners make decisions about their own learning strategies. Quiz results and 
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number of attempts can be recorded into the database to generate a learner 

profile, which can be used to provide further feedback based on progress. In 

addition to the quizzes, online tests are included in every unit or unit. Test results 

are also recorded into the database. The online-tests included in every unit of the 

TAL system are intended as a self-assessment tool. These can provide an 

indication of the learners‘ progress through the unit and their level of 

preparedness for the external examination. Completion of these online tests is 

recommended but not compulsory. 

 

5.2 Learner Controlled Variables Guidelines 

The learner control variables, identified in Table 1 have been built into the model 

structure. Learning objectives, amount of information provided, monitoring of 

learners individual progress and assessment are controlled by the instructor, 

while the amount of information used/added/removed, material appearance and 

mode, pace, timing, sequencing, place and location are potentially controlled by 

the learners. Learners must be made aware of the existence of these variables and 

the potential control that they can exercise on them, however, they must also be 

made aware that it is their choice to use them not an obligation. Joung (2004) 

states that learning is a dynamic process and that the locus of control is also 

dynamic and adjusts itself according to the situation. Learner control over the 

learning environment must be exercised to improve learner performance and 

satisfaction. It is expected to be a flexible process between learner and educator. 

Either party can initiate dialogue or collaboration as the need arises. 
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5.3 Reviewing Constructivism in the TAL Model  

The underlying pedagogical theory governing the TAL model is based on 

constructivism. Table 2 displays the constructivist principles expected to be 

incorporated during the implementation of the TAL model and the corresponding 

features built into the TAL system. The model addresses all elements; however, 

its concrete effectiveness will only be determined after development and 

implementation, in practice.  

 

TAL Constructivist Approach Checklist 

EXPECTED 
CONSTRUCTIVIST PRINCIPLES 

TAL MODEL  

All learners are different  

The TAL model is adaptable (in terms of 
navigation, pace, sequence and content 
amount) and allows for learner differences in 
needs, learning styles, and skills. 

Learning is individual to each learner 
Learners can customise the learning 
materials to suit their learning styles and 
needs through the User Control Module. 

A learner can learn at different speed 
levels in different situations 

Learners can control pacing and sequencing 
of learning materials. 

A learner can engage in different 
learning strategies simultaneously 

Learners can engage in linear and nonlinear 
strategies. Also they can learn 
independently and/or seek collaboration. 

Learners learn best within a context. 
Learning materials (provided by the TAL 
model) are always presented within a 
context. 

Learners construct and re-construct 
knowledge as they seek to understand 
and explain their environments. 

This feature is assumed as it represents the 
way the constructivist approach views 
knowledge construction. It is intended within 
the model but only after implementation its 
effectiveness will be ascertained.  

Table 2 TAL Constructivist Approach Checklist (Perez et al., 2000) 

 

 

5.4 The TAL System 

The implementation of the TAL system is based on the TAL model presented in 

Chapter Four. In terms of implementation, the model can be divided into three 
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groups: Learner, Educator and Designers and two modules: Cyber Classroom 

and Analyser (Figure 4).  

 

5.4.1 The Three TAL Groups 

The Learner Group includes the learners. The Educator Group includes the 

educator or teacher and the tutor/s who are assigned to guide and support the 

learners. Educators can be part of the Designers Group, but this is not a 

requirement of the system. The Designer Group includes the educational 

designer/s and the technology experts required to implement and maintain the 

learning system.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
  

 

 

 

 

 

 

 

Figure 4 Implementation Architecture Overview of the TAL System based on the TAL 

Conceptual Model 
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5.4.2 The Cyber Classroom Module 

Learning Space & Learning Materials 

The Cyber Classroom Module is composed of the Learning Space and the 

Learning Materials. The Learning Space provides learners with a space to access 

the learning material, in the form of HTML pages, which are available to 

learners on-campus and externally, being delivered via the Internet, an intranet or 

other network to a PC, Laptop, or portable wireless device. The Learning 

Materials are presented as a simple modular structure including four complete 

lessons and their corresponding elements. Each lesson contains the lesson‘s 

learning objectives, the theory content, exercises, a quiz, an online test, 

references, links to external resources that may be preferred by the learner and 

the lesson summary. In addition, the Learning Space contains the navigation 

system and support environment. The support environment includes: help, 

glossary, email, feedback facilities and learner profile and performance record.  

 

Learning Objectives 

The learning objectives outline the skills level necessary to achieve competency 

in the specific unit. This information may guide the learners‘ decisions on the 

amount of information required to study or the exercises to complete. They also 

provide an indication of the type of knowledge expected to complete the final 

examination. 
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Theory Units or Lessons 

Each of the lessons includes all the necessary material to achieve the learning 

objectives as per the TAL model definition. To maintain the constructivist 

approach and allow learners to take control and make decisions about their 

learning environment, learners are provided with a list of selected reference 

material that, depending on their learning style, they may find easy to follow. 

They are also encouraged to explore other options such as online tutorials 

available on the Internet or online student forums. All lessons have been divided 

into a number of relevant sections to ensure that they can be completed in a 

single session. The division is based on subject matter association not on page 

length. Figure 5 displays a sample page of the TAL system.  

 

Figure 5 TAL System Sample Page 
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Exercises 

The purpose of the exercises provided in each lesson is to allow the learner to 

apply the theory from the lesson into a practical application, which is presented 

within a relevant context. There are two types of exercises provided within the 

system: simple exercises that review and reinforce the theory, and advanced 

exercises to engage the learner into an exploratory approach. These exercises 

require the learner to reconstruct the theory provided and apply it to novel 

situations. The number of exercises per lesson/section is dependent on the 

lesson/section‘s length and on the learning objectives. 

Unit Quizzes 

Quizzes are included to reinforce the learning, but within the TAL system, they 

are intended to provide a quick check on the learners‘ knowledge. Instead of 

being context-dependent, as exercises they present a holistic view of the lesson 

in a multiple choice test format. The system displays the result of the quiz as a 

percentage and then provides the right answer including an explanation to ensure 

that the task is a learning experience for the learner instead of just a measurement 

of the learner‘s performance. 

Unit Tests 

Each unit contains an online test that learners can complete to self-evaluate 

against the unit‘s learning objectives. The tests resemble the final supervised 

examination that all learners must complete as part of their university study. The 

system records the learners‘ answers and final score.  
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Unit Summary 

The lesson summary contains a concise outline of the main elements of the 

lesson and can provide an effective way of reviewing the lesson. Depending on 

the type of learner, it may provide a starting point for the learning process as 

some types of learner prefer to gain an overview of the topic before engaging in 

the detailed lesson elements.  

 

The Support Environment 

The role of the support environment is to provide the learner with immediate 

access to essential information. Support information may be system or learning 

related. The TAL system provides support in the form of a contents table, a help 

facility, a glossary, an email facility, and a feedback facility. These support 

elements are accessible from the top navigation bar (Figure 6) and are available 

throughout the entire site. Every page of the support environment that a learner 

visits is recorded into the tracker module of the database. All support features 

open in a new reduced-size window, which allows the learner to always remain 

on the page where they were when accessing the facility. The information 

collected by the database includes the entering and exiting time for each page 

and the starting and finishing times of each session. Access to external sources 

listed in the support environment pages is not tracked by the system. 
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Figure 6 Support Facilities Accessible from the Top Navigation Bar and Subset View 

 

Help Facility 

The help facility provides instructions on the different types of site navigation 

and also provides links to external sites in relation to the learning materials and 

the topic. Access to the help facility is through the top navigation bar. Every time 

a learner accesses the help menu it is recorded into the TAL system database. 

Glossary 

The glossary provides comprehensive definitions of topic terms and keywords 

and is accessible through the top navigation bar. The glossary can also be 

accessed from the actual unit in which the term occurs. Within the unit, the term 

is highlighted to indicate that it is a ―hot word‖ with a link provided. Accessing 

the glossary from the actual unit is more convenient as it takes the user directly 

to the term definition. From the top bar it takes the learner to an alphabetically 

ordered table of terms. Each access to the glossary is recorded into the TAL 

system database. 

Email 

The email facility is accessible from the top navigation bar (COMMS in Figure 

6) and provides a list of email contacts including the educator‘s and the other 
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learners in the system. The email page displays the email link and a message 

from the contact owner. The inclusion of a contact in this list is on a voluntary 

basis and learners can include and remove their contact details at any time. Each 

access to the email menu is recorded into the TAL system database. 

Feedback 

The feedback facility allows learners to provide positive and negative feedback 

through comments and suggestions (Figure 7). This feedback is recorded on the 

database for the purpose of future system evaluation. The information provided 

is anonymous and the database does not record the learners‘ details with actual 

feedback content. The information contributed by all learners is stored in a 

general comments table. The feedback facility allows the user to select a specific 

unit from a drop-down list to ensure that feedback is accurately recorded and 

acted upon. Each access to the feedback facility, minus the actual feedback 

content, is recorded by the tracker system into the database to maintain a record 

of learner navigation path and system usage. 

 

Figure 7 Feedback Facility Sample Window 
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Learner Profile and Performance Record 

The learner profile and performance record can be accessed from the top 

navigation bar and provides learners with an up-to-date description of their 

performance and system usage/access information. It contains information on 

learning-related issues and on navigational behaviour. On the learner‘s side it 

includes: 

 Educators‘ comments, based on assessment completed  

 Online test results and educators comments and evaluation 

 Report on attempted assessment items 

 

And on the navigational behaviour it includes: 

 Information about all sessions completed 

 Time spent per session 

 Pages visited per session 

Each access to the learner profile is recorded into the TAL system database. 

 

Navigation Environment 

The navigation structure of the TAL system is responsible for maintaining a 

cohesive connection between all system components. The purpose of its design is 

to provide a simple, easy to use navigation system, which requires no learning 

effort from the users. The fact that most people today are familiar with the use of 

the Internet facilitates this task. The main navigation items are a top-page 

navigation bar, a unit planner graphical navigation bar, a textual bottom-page 

navigation bar, and the in-text hot words or links denoted by their highlighted 

formatting. 
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Top-page Navigation Bar 

The top navigation bar is located at the top of the page and appears on all units 

after a successful login (Figure 8). Links in this bar open on a new resized 

window so learners can access information without leaving their current 

workspace.  

 

 

Figure 8 Top Navigation Bar in the Learning Space and Subset View 

 

Global Navigation Map 

The global navigation map is located below the top navigation bar and provides a 

visual guide to navigate through the units (Figure 9). The same information is 

also available from the ToC (Table of Contents) located in the top navigation bar 

but in text format, as well as from the unit‘s introduction page. It provides a 

graphical representation of the unit introduction, the unit sections and the unit 

test. The different colour in any diagram object indicates that the page is 

active/open. The square indicates the online test for the unit. 

 

 
 

Figure 9 Graphical Navigation Map in the Learning Space and Subset View 

 



67 
 

Bottom-page Unit Specific Bar  

The bottom-page unit specific bar is located at the bottom of the page and 

appears only on pages that contain learning materials, for example, unit sections, 

exercises and quizzes (Figure 10). It is intended as an internal link to move 

within a specific unit‘s components (exercises, quiz, test and references). 

 

Figure 10 Bottom Page Navigation Bar in the Learning Space 

Hot Spots and In-Text Links 

Hot spots and in-text links are used throughout the site and are easily 

recognisable by their highlighted formatting. They indicate that the word is a link 

to another page or location and they can be either relative or absolute links. They 

can be either: red text, if they have not been visited or blue text, if they have 

been visited. When you hold the mouse over them, a green shadow appears. The 

use of resource-hungry multimedia features has been avoided as much as 

possible in favour of simplicity and speed. 

 

5.4.3 Database Analyser – The TAL Tracker System 

The core functions of the TAL system reside in its database. The database is the 

central repository of all information relating to the learners‘ interactions with the 

system. The data stored can be used to derive new data through a process of 

cross-referencing queries. Within the TAL system this mechanism is called the 

tracker system. The tracker system is the implementation of the Analyser Module 

of the TAL model (Section 4.2.5). Its main purpose is to record actual and 
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statistical data from the system and store it for reporting and evaluation purposes. 

All learner sessions are tracked and user navigation is recorded, via embedded 

scripting in the HTML documents, as it happens, page-by-page, and entered into 

the database (Figure 11). The main tracking instruments are the pre-delivery 

survey, navigation and usage tracking, performance recording, and learner 

feedback. 

           Learner Group                                                              

 

 

 

 

       

 

 

            

 

     Educator Group 

Where: 

       Data Flow within the TAL system database by Learner Interaction 

       Access to database and learning materials by Educator 

Figure 11 TAL Database Overview Displaying Tracker System Data Inflow and Outflow 
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Pre-Delivery Survey 

A pre-delivery survey is incorporated into the TAL system for the purpose of 

gathering demographical data from the learners, populating the database and 

creating the user logons to the TAL system. The survey automates the task of 

processing learner details and creates the system accounts. The data collected in 

the survey is divided into four sections: learner details; knowledge and skills 

details; preferred learning characteristics; and logon account details. Once the 

survey is submitted all user details are available to the learning environment and 

the learner can start the course. A copy of the survey is included in Appendix A. 

 

Navigation and Usage Tracking 

The tracker system records each learner session to the level of timing the 

entering and exiting of every page. The purpose of this systematic tracking is to 

identify the learning style of users through the analysis of their navigational 

patterns. This may reveal whether the learner has a preferred learning style, for 

example, linear or non-linear. This information can then be cross-referenced with 

the learners‘ performance. For the purpose of the study, all page visiting times 

that are less than one minute are considered, by the system, to be ―browsing‖ 

instead of learning related. These pages are not added to the time online record, 

but they are recorded as pages visited (browsed). 

 

Performance Recording  

Each learners‘ test results are recorded into the database and are made available 

through the learner profile and performance record from the top main navigation 

bar. The learner can view his or her session/s history including time spent in each 
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session, pages visited, tasks attempted and results achieved. Records are only 

available to the current session logged user. 

 

Feedback 

Feedback is recorded anonymously; this means that the details of the learner 

providing the information are not recorded with the actual feedback information. 

The database allows for large text messages to be recorded. The field data type 

used is called a BLOB (Binary Large OBject), which means that any user 

comment can be safely stored (max size is 2^16 - 1 or 65,535 bytes, 65KB). 

Feedback can be recorded referring to specific lessons or to the overall system. 

The information gathered via feedback will form the basis for a system review 

and evaluation. 

 

5.5 Delivery Guidelines 

A set of guidelines for the delivery of the TAL system was prepared to ensure 

consistency during the course duration. The guidelines were divided into three 

major groups: definitions, communication and operational rules. 

 

Definitions 

1. Learner control. Learner control, within the scope of this study refers to 

the degree of autonomy that learners have in organising, pacing, 

sequencing and using the available learning resources. That is, the ability 

and power of adapting the technology-mediated environment to suit their 

individual specific learning needs. 
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2. Constructivism. The type of constructivism addressed in this study is 

centred on Piaget‘s view of constructivism as an individual approach to 

learning. 

 

Communication Rules 

1. The system message board will be updated at least once a week. This will 

ensure that the learners do not feel neglected or isolated. 

2. Irrespective of whether or not learners email the educator, the educator 

will send a weekly email to all learners to maintain contact and to keep a 

support line open at all times.    

3. Learners‘ email will be attended to within 24 hours.  

4. The option of a face-to-face consultation session, by appointment, will be 

advertised on the system message board. 

 

Operational Rules 

1. The educator will check the learners‘ email daily. The system can be 

accessed from any location. 

2. Online access periods over three hours will be considered idle time. If 

this situation arises, the database has been programmed to find the 

average time online of the previous sessions and record this time instead 

of the ―assumed‖ idle time. 

3. Any technical problems reported will be attended to immediately. 

4. Release of learning materials:  

a. All learning materials will be released on the first day to the Free 

Control Group (FCG). Learners have free navigational control to 
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pace and sequence the learning materials. There are no restrictions 

to navigation, based on assessment or any other issue. 

 

b. One lesson and its corresponding resources will be made available 

to the Restricted Control Group (RCG) each week. The release of 

the materials will be done preferably on the preceding Friday for a 

Monday start. Learners need to pass the online test for the current 

week, in order to gain access to the next lesson. Learners are free 

to navigate between all lessons as they are released and the 

assessment completed.  

 

5.6 Chapter Summary 

This chapter has presented a comprehensive outline of the TAL system 

implementation. In the pre-implementation stage a set of implementation 

guidelines were tested against the proposed model to ensure that the system was 

compliant with the proposed design, and in line with its underlying learning 

theory, constructivism. Implementation guidelines were a set of learning 

objectives; treatment, structure and modularity of learning materials; creation 

and presentation; use of media types; and use of learning control mechanisms 

and assessment items. 

 

The outline of the TAL System implementation has included a summary of its 

main components, their functions and the interrelationship between them. Five 

major components have been presented: the learning environment; the support 

environment; the learner profile and performance space; the navigation structure; 

and the tracker system. 
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The learning environment provides the interface between the system and the 

learner through the learning space. It is through this space that the learner has 

access to the learning materials and resources. The support environment is 

embedded into the learning space and provides the necessary additional features 

to support the learning, such as help, links to related resources and information 

and glossary of terms. It also provides a communication channel between the 

learner and the educator through the use of email and feedback facilities. The 

learner profile and performance space allows learners to keep track of their user 

profile, session-related information and performance status and record.  

 

The system navigation structure is responsible for ensuring that the learner has a 

fail-proof way of navigating the learning space. The system presents a variety of 

navigation tools including: text links; toolbars; menu bars; a graphical map to 

ensure a comprehensive navigation system able to support any learner 

sequencing preferences; and finally, the tracker system that is responsible for 

recording and storing information from all modules into the TAL system 

database. The main sources of data collection are the pre-delivery survey, 

navigation patterns, system usage, performance and feedback. Finally, the 

chapter has also presented a set of delivery guidelines created to ensure 

consistency in the delivery of the course across groups.  
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CHAPTER SIX 

Data Analysis and Results 

 

 

6 Quantitative and Qualitative Data Analysis  

The results and analysis presented in this chapter have been divided into two 

categories, quantitative and qualitative. Part One contains the data analysis and 

results for the quantitative data and Part Two presents the qualitative analysis: 

 The Quantitative Data has been extracted from the final examination, the 

post-exam, the TAL system database and the post-delivery survey results.  

It represents the performance and views of the learners taking part in the 

two study groups.  

 The Qualitative Data includes the information gathered from participants 

involved in the focus groups and is intended as evidence to substantiate 

the quantitative analysis. It also provides an opportunity to identify points 

of interest which were not captured by the database, but which reveal 

concerns shared by the learners. 

 

6.1 Part One: Quantitative Analysis 

The aim of this research has been to investigate the suitability of a technology-

mediated learning system based on constructivism allowing learner control, as an 

adaptable system capable of accommodating different types of learners and 

learners‘ styles. The research hypothesis and research propositions have been 

formulated as follows: 
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Research Hypothesis 
 

A technology-mediated learning system based on constructivism, with 

a special emphasis on enabling full learner control over the 

sequencing of learning materials, can be more effective than a 

restrictive or strictly guided sequence control system as it will 

provide the adaptability necessary to cater for the needs of different 

types of learners and different learning styles and learning 

preferences. 

 

Proposition One 
 

P1: A technology-mediated learning system that allows full learner control 

over the learning sequence will increase the academic performance of 

learners, as measured by assessment instruments in comparison to a 

restrictive or strictly guided sequence control system. 

Hypothesis One (P1) 

P1-H10: There is no significant difference in the mean examination results 

between the two groups. 

P1-H1I: There is a significant difference in the mean examination results 

between the two groups. 

Hypothesis Two (P1) 

P1-H20: There is no significant difference in the mean post-exam results between 

the two groups.  

P1-H2I: There is a significant difference in the mean post-exam results between 

the two groups. 
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Proposition Two 

P2: A technology-mediated learning system that allows full learner control 

over the learning sequence will be the preferred choice in comparison to a 

restrictive or strictly guided sequence control system and will be rated 

higher by learners in terms of completeness, quality of materials, support 

and preparedness. 

Hypothesis One (P2) 

P2-H10: There is no significant difference in the mean completeness of the 

learning materials evaluation results between the two groups. 

P2-H1I: There is a significant difference in the mean completeness of the 

learning materials evaluation results between the two groups. 

Hypothesis Two (P2)   

P2-H20: There is no significant difference in the mean quality of explanations 

and examples provided evaluation results between the two groups.   

P2-H2I: There is a significant difference in the mean quality of explanations and 

examples provided evaluation results between the two groups. 

Hypothesis Three (P2)   

P2-H30: There is no significant difference in the mean usefulness of online help 

facility evaluation results between the two groups. 

P2-H3I: There is a significant difference in the mean usefulness of online help 

facility evaluation results between the two groups. 

Hypothesis Four  (P2)  

P2-H40: There is no significant difference in the mean preparedness for final 

examination evaluation results between the two groups. 
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P2-H4I: There is a significant difference in the mean preparedness for final 

examination evaluation results between the two groups.  

 

Proposition Three 

P3: A technology-mediated learning system that allows full learner control 

over the learning sequence will be more adaptable to the learners learning 

styles and preferences than a restrictive or strictly guided sequence control 

system.  

Hypothesis One (P3) 

P3-H10: There is no significant difference in the mean adaptability results 

between the two groups.  

P3-H11: There is a significant difference in the mean adaptability results between 

the two groups. 

 

6.2 Analysis of the Research Propositions and Research 

Hypotheses 

This section presents the statistical analysis of the three propositions put forward 

in the study and concludes with the analysis of the main research hypothesis. The 

statistical analysis used to test the research hypothesis and research propositions 

is the t-Test and follows the method outlined by Prem (1998) to make inferences 

about the difference between two population means for small and independent 

samples of unequal standard deviations. For all tests, statistical analysis has been 

performed using t-Test Two-Sample Assuming Unequal Variances, provided by 

Microsoft Excel Analysis Tools. Appendix B contains a complete outline of the 

statistical analysis calculations. 
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Tables 3, 4 and 5 in this section display a summary of the statistical 

analysis carried out using the t-Test Two-Sample Assuming Unequal 

Variances provided by Microsoft Excel Analysis Tools. 

 

Proposition One  

Hypothesis One 

P1-H10:    μ1 – μ2  = 0  

There is no significant difference in the mean examination 

results between the RCG and the FCG  (mean is not 

different) 

P1-H1I:    μ1 – μ2  0    
There is a significant difference in the mean examination 

results between the RCG and the FCG. (mean is different) 

Significance level  

5% 

Area in each tail  =   α = 0.05 = α /2 = 0.025 

Degree of freedom (df) 26 

Non-rejection area Between -2.0555294 and 2.0555294 

t-Statistic -1.534641  

Conclusion 
Because the value of the test statistic t = -1.534641 falls in 

the non-rejection region, we fail to reject the null hypothesis. 

Hypothesis Two 

P1-H20:    μ1 – μ2  = 0  

There is no significant difference in the mean  post-exam 

results between the RCG and the FCG  (mean is not 

different) 

P1-H2I:    μ1 – μ2  0  

  

There is a significant difference in the mean post-exam 

results between the RCG and the FCG (mean is different) 

Significance level  

5% 
Area in each tail  =   α = 0.05 = α /2 = 0.025 

Degree of freedom 

(df) 
23  

Non-rejection area 
Between -2.068657599 and 2.068657599 

 

t-Statistic -2.163218916 

Conclusion 

Because the value of the test statistic t = -2.163218916 falls 

in the rejection region, we reject the null hypothesis and 

conclude that there is significant difference between the 

RCG and the FCG in the mean of the Post-Exam Test. 

Table 3 Summary of Proposition One: Hypotheses Analysis 
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Proposition Two  

Hypothesis One 

P2-H10:    μ1 – μ2  = 0  

There is no significant difference in the mean 

completeness of the learning materials evaluation results 

between the RCG and the FCG. 

P2-H1I:    μ1 – μ2  0    

There is significant difference in the mean completeness of 

the learning materials evaluation results between the RCG 

and the FCG. 

Significance level  

5% 
Area in each tail  =   α = 0.05 = α /2 = 0.025 

Degree of freedom (df) 24 

Non-rejection area Between -2.06389 and 2.06389 

t-Statistic -0.981307  

Conclusion 

Because the value of the test statistic t = -0.981307 falls in 

the non-rejection region, we fail to reject the null 

hypothesis. 

Hypothesis Two 

P2-H20:    μ1 – μ2  = 0  

There is no significant difference in the mean quality of 

explanations and examples provided evaluation results 

between the RCG and the FCG.  

P2-H2I:    μ1 – μ2  0    

There is significant difference in the mean quality of 

explanations and examples provided evaluation results 

between the RCG and the FCG.  

Significance level  

5% 
Area in each tail  =   α = 0.05 = α /2 = 0.025 

Degree of freedom (df) 17 

Non-rejection area Between -2.109815 and 2.109815 

t-Statistic -1.25009  

Conclusion 

Because the value of the test statistic t = -1.25009 falls in 

the non-rejection region, we fail to reject the null 

hypothesis. 

Hypothesis Three 

P2-H30:    μ1 – μ2  = 0  

There is no significant difference in the mean usefulness of 

online help facility evaluation results between the RCG 

and the FCG.  

P2-H3I:    μ1 – μ2  0    

There no significant difference in the mean usefulness of 

online help facility evaluation results between the RCG 

and the FCG. 

Significance level  

5% 
Area in each tail  =   α = 0.05 = α /2 = 0.025 

Degree of freedom (df) 26 

Non-rejection area Between -2.055529 and 2.055529 

t-Statistic 0.890571  

Conclusion 

Because the value of the test statistic t = 0.890571 falls in 

the non-rejection region, we fail to reject the null 

hypothesis. 

Hypothesis Four 

P2-H40:    μ1 – μ2  = 0  

There is no significant difference in the mean preparedness 

for final examination evaluation results between the RCG 

and the FCG.  

P2-H4I:    μ1 – μ2  0    
There is no significant difference in the mean preparedness 

for final examination evaluation results between the RCG 



81 
 

and the FCG.  

Significance level  

5% 

Area in each tail  =   α = 0.05 = α /2 = 0.025 

Degree of freedom (df) 28 

Non-rejection area Between -2.048407 and 2.048407 

t-Statistic -1.1003685  

Conclusion 

Because the value of the test statistic t = -1.1003685 falls 

in the non-rejection region, we fail to reject the null 

hypothesis. 

 

Table 4 Summary of Proposition Two: Hypotheses Analysis 

 

 

 

Proposition Three  

Hypothesis One 

P3-H10:    μ1 – μ2  = 0  
There is no significant difference in the mean adaptability 

results between the RCG and the FCG. 

P3-H1I:    μ1 – μ2  0    
There is significant difference in the mean adaptability 

results between the RCG and the FCG. 

Significance level  

 

N/A 

Degree of freedom (df) N.A 

Non-rejection area N/A 

t-Statistic N/A 

Conclusion 

There is insufficient statistical evidence to test the 

adaptability of the system.  The adaptability issue is 

explored in the qualitative analysis section. 

Table 5 Summary of Proposition Three: Hypothesis Analysis 

 

Discussion of t-test Statistical Significance  

Based on the results of the statistical data analysis, the alternative hypotheses, P1-

H11 and the four alternative hypotheses of proposition two (P2- H11, H21, H31, 

H41) have been rejected. This indicates that there is no significant statistical 

evidence to support the theory that there are differences between the two learning 

methods presented in this study, in terms of learners‘ performance in the final 

examination and learners‘ perceptions of the system. This is demonstrated by 

their evaluation of learning materials, quality of explanations and examples, 

usefulness of online help and preparedness for the final examination.  
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However, the null hypothesis of proposition one hypothesis two (P1-H20) has 

been rejected, indicating that there is significant statistical evidence to suggest 

that there are differences between the two learning methods in relation to the 

informal post-exam test results. This result is important because it reveals that the 

FCG has not only been able to acquire the knowledge needed to pass the 

examination but also to retain it over time, as demonstrated by the post-exam test 

results. The t-Test analysis for the post-exam test rejected the null hypothesis and 

demonstrated that there is statistical significance. This has been further supported 

by the results of applying t-Test to the younger group (25 to 35 years old). 

Although not part of the research propositions and hypotheses, this test was 

carried out because of the positive findings of the analysis of the post-exam test 

results for the FCG, see Appendix B. The value of the test statistic t = -

2.152648343 falls in the rejection region, which makes this a significant result. 

Consequently we conclude that there is difference in the mean post-exam results. 

The learners aged 25- 35 years in the FCG were able to retain knowledge much 

more effectively than all of the RCG plus the older members of the FCG. 

 

The hypothesis of proposition three remains inconclusive, as no significant data 

has been obtained from the tracker system to test the adaptability of the system to 

different learning styles and learners‘ needs.  However, the remaining sections of 

this chapter offer a detailed overview of the learners‘ system usage as recorded 

by the TAL database. They also provide vital information about the learners‘ 

navigational patterns and learning choices.  

 

The research, therefore, is partially inconclusive, as there is insufficient evidence 

to support the claim that a technology-mediated system based on constructivism 
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that enables full learner control over the sequencing is more effective than a 

control restricted or guide approach on all tests and analysis carried out.  

However, the statistical data supports the argument that the TAL system provided 

the best approach to sustain knowledge retention. The two approaches are 

comparable in terms of appropriateness to deliver the instruction and are 

perceived by the learners as adequate and effective.  

 

6.3 Demographic Data Analysis 

The demographic data was collected via an online survey, henceforth referred to 

as the pre-delivery survey, completed by all participants as part of the application 

process for joining the online course. The total number of participants who 

volunteered and started the online course was fifty-seven. Of these, thirty joined 

the treatment group and twenty seven joined the control group. All learners were 

allowed to complete the online course. However, in order to obtain a 

demographically comparable sample, random stratified sampling was applied to 

select samples of equal or similar gender and age ratio and similar computing 

knowledge. Learners entered information about their personal computing 

knowledge into the pre-delivery survey. As no test was carried out to ascertain 

their skills, this data is entirely subject to the individual learner‘s opinion and 

self-evaluation. After the random stratified sampling was applied, two groups of 

fifteen learners each were selected for the research study.  

 

A previous attempt to carry out this study had to be cancelled because 

participants did not complete the course. It was believed to be due to the fact that 

the study was conducted on a voluntary basis. In this study, a first year university 

subject was used in the hope that participants would be more likely to complete 
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the course. More than ninety students enrolled in the subject were asked to 

participate in this study. Participation and acceptable completion rates this time 

was reasonably assured, as the subject was needed to complete the program.  

 

 Participants were divided into two groups of similar demographic 

characteristics:  

 Restricted Control Group (RCG) and  

 Free Control Group (FCG).  

The groups‘ composition is outlined in Table 6. The ratio of male to female 

students is representative of the specific program cohort for that year. 

 

 

PARTICIPANTS DETAILS 

ITEMS Description RCG FCG 

Gender: 
 Male 12 80% 12 80% 

 Female 3 20% 3 20% 

Age Group: 

 Under 25 0 0% 0 0% 

 25 to 35 11 73% 11 73% 

 36 to 45 4 27% 4 27% 

 Over 45 0 0% 0 0% 

Course: 

 BMM 

 BINF 

 Cross/Electronic/Engineering 

10 

4 

1 

67% 

27% 

7% 

14 

0 

1 

93% 

0% 

7% 

Year Level: 
 First 

 Second 

12 

3 

80% 

20% 

14 

1 

93% 

7% 

Table 6 Participants Details 

 

The pre-delivery survey gathered data on the participants‘ computing skills 

background in order to ascertain the starting point in terms of skills and 

knowledge of the participants. This information was used to evaluate the 

participants‘ level of performance assuming a similar skills level starting point. 

(Table 7). 



85 
 

COMPUTING SKILLS 

ITEMS Description RCG FCG 

Skilled in 

Applications 

 Word-processing 15 100% 15 100% 

 Spreadsheets 15 100% 15 100% 

 Databases 15 100% 15 100% 

 Internet usage 15 100% 15 100% 

 Email usage 15 100% 15 100% 

 HTML 14 93% 13 87% 

Programming 

skills 

 A variety of programming 

languages 
11 73% 9 60% 

Table 7 Computing Skills 

 

Previous experience with e-learning, together with participants‘ details and 

computing skills was used as an instrument to determine group similarity for 

further comparison of results.  Table 8 provides an insight into the learners‘ pre-

conceived opinions about e-learning systems based on their own experiences. 

Positive pre-conceived ideas will encourage learners to use the system, while 

negative pre-conceived ideas and/or negative experiences would undermine their 

enthusiasm and, in consequence, their performance (Gray, 1988).  

 

The inclusion of the learning characteristics section, shown in Table 9, in the 

initial survey, was considered necessary in order to ascertain if students were 

aware of having a preferred learning style which they considered more effective 

for them. It could also be used later to allow the researcher to compare their 

navigation pattern, as an indicator of their preferred learning style, with their 

performance and results. 
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E-LEARNING EXPERIENCE 

ITEMS Description RCG FCG 

Have you participated in 

e-learning before 

Yes 5 33% 4 27% 

No 10 67% 11 73% 

Advantages of e-learning 

 

Multiple selection 

I can do it from home/anywhere 13 87% 13 87% 

I can prepare my own timetable 13 87% 12 80% 

I can study and attend to my family 7 47% 5 33% 

I can organise my studies around 

my job 8 53% 11 73% 

Other 

I can ask questions whenever I 

need to through email. I don‘t 

physically have to be in a tutorial  0 0% 1 7% 

Disadvantages of e-

learning 

 

Multiple selection 

Not enough information is given to 

complete tasks 3 20% 8 53% 

Too much information is given to 

complete tasks 1 7% 3 20% 

Inadequacy of learning materials 2 13% 1 7% 

When you have problems you are 

on your own 12 80% 10 67% 

Problems with network access 2 13% 1 7% 

Hardware/ system problems 6 40% 7 47% 

Other 

The goal of doing a particular tute 

exercise is not clear if there is no 

tutor here telling you what 1 7%  0 0% 

Some lack of student contact 0  0% 1 7% 

Table 8 E-Learning Experience 

LEARNING CHARACTERISTICS 

ITEMS Description RCG FCG 

How do you learn best? 
Working individually 6 40% 11 73% 

Working in groups 9 60% 4 27% 

Rank the statements according to 

how well they refer to your own 

learning experience 

I learn best by reading 2 13% 4 27% 

I learn best by listening 3 20% 3 20% 

I learn best by doing/performing 1 7% 1 7% 

I learn best by 

observing/watching 
4 27% 2 13% 

Are you easily motivated to study 

on your own? 

Yes 6 40% 10 67% 

No 9 60% 0 0% 

When you study (e.g. a book) how 

do you usually read the text… 

Slowly from beginning to end 

and in sequence 
8 53% 9 60% 

Skimming through but in 

sequence 
6 40% 2 13% 

Skimming without a pattern or 

sequence 
1 7% 1 7% 

Skimming through the main 

headings then reading only 

certain pages 

0 0% 3 20% 

Table 9 Learning Characteristics  
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This self-categorisation by the participants may not be fulfilled in the current 

context, especially for participants who have not participated in e-learning 

environments before. The learning characteristics information was not part of the 

selection criteria for sampling of the groups. 

 

6.4 Performance Data Analysis 

Final Examination and Post-Exam Evaluation Results 

 

The online course was delivered over a period of six weeks. This was followed 

two weeks later by a formal invigilated, final examination as part of university 

studies. The course comprised four units. Each unit included theory, exercises, a 

quiz, an online test and access to supporting facilities. Section 5.5 contains a 

complete description of the learning environment.  From this point forward, the 

participants in the study are referred to as learners in order to maintain the 

learning focus of the study. The test group, the FCG, had access to all learning 

materials from week one, and the control group, the RCG, was allowed access to 

a new unit each week, with backward navigation access to previous units. The 

RCG group was instructed to complete one unit per week. Learners could not 

attempt an online test for a unit if the previous unit‘s online test had not been 

completed and a grade greater than 50% had not been achieved. This measure 

constrained their freedom of navigation. By contrast, the FCG was given access 

to all units in the first week. They were also allowed to complete the units and 

the online tests in the order they preferred, or not to complete them at all.  

 

After the completion of the online HTML course, the learners sat for a final 

supervised examination. This was followed by a post-exam test two weeks after 

the final examination. The purpose of this post-exam test was to ascertain if 
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knowledge had been retained over time, and to check if the pattern of the group‘s 

performance has been maintained. Learners were not told beforehand of the post-

exam test and they completed it totally unprepared. Marks were expected to be 

considerably lower than the examination results due to the lack of preparation 

and the time passed since their final examination. Short-term memory and the 

effect of cramming can contribute to a good examination mark, but well applied 

and appropriate learning theories can help maintain long-term memory. The 

purpose of the post-exam test was to assess the application of constructivist 

theory by checking if the learners have constructed knowledge frameworks to 

allow them to retain the concepts learnt, over time. Figure 12 shows a 

comparison between the RCG and the FCG of individual marks obtained. 
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Figure 12 Comparison by Group of Individual Marks for Final Examination 

 

There is a slight increase in the performance of the FCG over the RCG that has 

been outperformed in one single instance by 0.5 points. A learner from the RCG 

obtained 100 points against the 97.5 result of the highest achieving FCG learner. 

Appendix B contains detailed results data. Further analysis of Figure 12 reveals 
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that the FCG has a more balanced and closer spread of mark than the RCG. The 

difference between the lowest and the highest score obtained in the examination 

is 30% for the FCG and 52.5% for the RCG.   

 

 

The average results for the final examination and the post-exam test for both 

groups are displayed in Figure 13. Figure 14 displays the comparison by groups 

of individual results in the post-exam test. The RCG achieved 74.83% average 

mark in the final exam and 29.17% in the post-exam test. Three students 

declined to take part in the post-exam test. The FCG achieved an average of 81% 

in the final exam and 50.96% in the post-exam test with two students declining 

to take the post-exam test. Learners were reassured that the post-exam test would 

not affect their university marks, as the results were only relevant to the 

researcher. Some learners refused to sit the test, signifying either lack of 

preparation, a hectic schedule or lack of incentive. There is a 6.17% difference in 

average mark between the two groups in the final exam and a 21.79% different 

in average mark in the post-exam test.  
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Figure 13 Average Marks for the Final Examination and the Post-Exam Test 
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The lower marks achieved by both groups, in the post-exam test can be attributed 

to the lack of preparation; time elapsed since finishing the course and lack of 

incentive. However, the higher performance of the FCG remains a constant in 

both sets of results. This indicates that the FCG learners were better prepared 

than the RCG learners for both tests. The learning material was identical for both 

groups and the only variable involved was the delivery approach. This gives 

some support to the suggestion that learner controlled environments are more 

conducive of learner performance and knowledge retention. 
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Figure 14 Comparison by Group of Individual Results for the Post-Exam Test 

 

Gender Performance Analysis 

The ratio of male to female students is identical in both groups. Table 10 

contains the details of the groups‘ gender composition.  

 

GENDER RCG FCG 

Gender: 
Male 12 80% 12 80% 

Female 3 20% 3 20% 

Table 10 Gender Composition 
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Examination results analysis by gender (Figure 15) reveals no major differences 

in performance. The female learners in the RCG outperformed their male 

counterparts by 1.25%. They are also slightly above the average mark of 74.83% 

for the RCG in the examination. In the FCG the situation is reversed and the 

male learners outperformed their female counterparts by the same rate, 1.25%, 

being 0.25% above the average for their group. 
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Figure 15 Examination Results by Gender 

 

Post-exam test results analysis by gender (Figure 16) reveals a significant 

difference between genders especially in the RCG. The male learners achieved 

an average mark of 31.25%, 12.5% higher that the female learners in the group. 

The average result for the male learners in this group is 2.08% above the group‘s 

average mark, and the average mark for female learners is 10.42% below the 

group‘s average mark. In the FCG the situation is reversed and the average mark 

for female learners is 2.56% above that of the male‘s average results and 2.17% 

above the group‘s average result. 



92 
 

31.25

50.57

18.75

53.13

2
9
.1

7

5
0
.9

6

0.00

20.00

40.00

60.00

80.00

100.00

RCG FCG

M
a
rk

s

Gender

Post-Exam Test Results by Gender, including Combined Post-Exam 
Test Results

Male Female Combined

 

Figure 16 Post-Exam Test Results by Gender 

Age Performance Analysis 

There were two age groups involved in the study, 25 to 35 and 36 to 45.  Table 

11 displays the age composition by group.  

AGE GROUP RCG FCG 

25 to 35 11 73% 11 73% 

36 to 45 4 27% 4 27% 

Table 11 Age Composition by Group 

 

 

An analysis of the results of the final examination and the post-exam test by age 

group reveals that the performance of the FCG is slightly superior to the RCG. 

Age-based group results validate the performance trend established in the 

examination and post-exam test results. Figure 17 displays the results of the 

examination results by age and Figure 18 shows the post-exam test results by 

age. 
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Figure 17 Examination Result by Age Group 
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Figure 18 Post-exam Results by Age Group 

 

 

In the RCG, the average difference in the results of the examination between the 

two age groups are a negligible 0.23% and, in the post-exam test, just 1.56%. 

The younger learner group (aged 25 to 35) of the FCG obtained an average 

difference of 6.48% over the older learners (36 to 45) in the same group for the 

final examination, and a substantial difference, outperforming their older 

counterparts by 25.43 % in the post-exam test. This could be an indication that 

either: they have been able to adapt the system to their learning needs; or that the 

learning strategy matches their needs and learning preferences. Especially 
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significant is the knowledge retention they achieved in the post-exam test. It is 

interesting to note the similarities between the older age group in both the RCG 

and the FCG. Their results for the post-exam test were identical, and the 

examination results were very close, with a difference of only 1.25%. 

 

6.4.1 Performance Analysis of Previous HTML Background 

Both groups had a comparable advantage to perform well in the HTML course as 

fourteen learners in the RCG and thirteen in the FCG had some previous 

knowledge and experience with HTML (Table 12).   

 

PREVIOUS HTML KNOWLEDGE RCG FCG 

Learners acknowledged possessing some 

HTML knowledge 
14 93% 13 87% 

Table 12 HTML Previous Experience 

 

 

Figure 19 indicates that the learners with HTML background in the RCG have 

achieved an average difference of 10.54% over the learners with no HTML 

background in the same group. However the difference with the average mark 

for the RCG in the examination is only 0.71% higher. In the FCG the situation is 

reversed and the learners with no HTML background have achieved an average 

difference of 4.62% over the learners with HTML background. The difference 

with the average for their group is 5% higher. 
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Figure 19 HTML Background and Examination Average Marks per Group 

 

6.4.2 Analysis of the Post-Exam Test Results   

Figure 20 represents the average post-exam test marks per group according to 

HTML background. It includes the combined average post-exam test marks 

which form part of Figure 13. The trend shown in the examination results is 

continued with the post-exam test. Learners with HTML background in the RCG 

have achieved an average variance of 4.55% over the learners with no HTML 

background in the same group. However the difference with the average mark 

for the RCG in the post-exam test is only 0.38% higher, a difference between 

29.55% and 29.17%. In the FCG the learners with no HTML background have 

achieved an average variance of 5.53% over the learners with HTML 

background. The difference with the average for their group is 5.29% higher. 

 

As illustrated in Figures 19 and 20, previous experience does not always 

guarantee better performance in a new context. It is possible that some learners 

may have fallen into a false sense of familiarity with the concept. Perhaps what 

they had considered to be knowledge was in fact unconsolidated knowledge on 

which they could not build new concepts. Instead they had to start from scratch. 
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This may be knowledge that has not been assimilated completely and according 

to Piaget‘s theory, has not reached the equilibrium point.  
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Figure 20 HTML Background and Post-Exam Test Average Marks per Group 

 

The results achieved by the learners with no previous HTML knowledge in the 

FCG are worth mentioning because it gives credit to the proposition that learner 

controlled environments provide the necessary learning support to construct and 

consolidate knowledge as demonstrated by the consistent results of this group in 

both the examination and the post-exam. The results are especially relevant in 

the post-exam as they indicate that knowledge was achieved and internalised 

with the corresponding framework, which allowed its retention and later 

retrieval. 

 

Performance Analysis of Previous E-learning Experience  

The group composition selection ensured that the number of learners possessing 

previous e-learning experience was comparable (Table 13). Ten learners from 

the RCG and eleven from the FCG had not previously participated on an e-

learning environment prior to volunteering for the HTML course. 
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PREVIOUS E-LEARNING EXPERIENCE RCG FCG 

Have you participated in e-

learning before 

Yes 5 33% 4 27% 

No 10 67% 11 73% 

Table 13 Previous E-learning Experience 

 

 

Results of analysis based on previous e-learning experience suggest that previous 

experience is not an indication of success in a new learning environment. The 

results displayed in Figure 22 and Figure 22 demonstrate that, in both groups, 

learners with no previous experience in e-learning environments outperformed 

the experienced learners and achieved average results higher that the average 

groups results in both instances. The inexperienced RCG learners obtained an 

average of 2.42% above the group‘s average result and the inexperienced FCG 

learners obtained an average of 3.09% above their group‘s average.  

 

The FCG continues to perform better than the RCG, supporting the proposal that 

the TAL system offers learners an efficient approach to learning and this is 

reflected in the results. It can be argued that some learners who possess previous 

e-learning experience may not have performed better because they had previous 

negative experiences and found it difficult to adapt to a similar environment. 

Eklund-Myrskog (1997) reported that prior learning experience can shape 

students‘ conceptions of learning, and Gravoso et al. (2002) reported that prior 

experience can shape a student‘s future learning, predisposing them to prefer a 

certain learning approach. It is apparent from these results that the inexperienced 

learners in both groups adapted well to the e-learning environment. 

 

Poor performance in an e-learning setting can often be attributed to the fact that 

some learners feel alienated from the teacher or educator and do not seek support 
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when needed. In this study, face-to-face consultation was offered but was never 

requested by learners. At the same time, email requests for assistance were few 

and infrequent. There appears to be a perception by some learners that once you 

are in an online environment all the traditional options must be avoided. 
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Figure 21 Comparison – Examination and Previous E-Learning Experience 
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Figure 22 Comparison – Post-Exam Test and Previous E-Learning Experience 

 

 

6.5 Performance Analysis Based on the Tracker System 

The tracker system is the name given to the TAL database in its function as a 

session and navigation tracking system. It records information about sessions, 

pages visited, time spent on each page, assessment results and related 
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information. It has a number of pre-determined automated queries that provide 

information to learners through the Learner Profile under the Performance link. 

The educator has the option to expand the automated query set or to query the 

database directly through the Administrator view. The results provided in this 

section have been extracted by querying the database at the Administrator level.  

 

The TAL system as presented to the treatment group, the FCG, allows learners 

complete navigational freedom of all learning materials and does not set any 

restrictions based on pre-requisite assessment or tasks. On the other hand, the 

control group, the RCG, were presented with a substantially more constrained 

interface. This must be taken into consideration when analysing the results 

presented in the following sections. The purpose is not always to show 

comparable data between the two groups but to demonstrate the working-reality 

of a learning environment in which the learners have been granted control over 

the navigational rules and the sequencing of the learning materials and resources. 

 

Performance Analysis of Online Tests 

An analysis was carried out on the completion rate of the online tests. These tests 

were optional for the FCG, but were required of the RCG learners. Although 

learners of the FCG were not required to complete them, the purpose of carrying 

out an analysis was based on the need to show the learning path that the FCG 

learners chose to take, in order to achieve the learning objectives. The results 

were then compared with those of the RCG. 

 

Figure 23 shows the number of learners who completed the online tests for both 

groups. The attrition level was considerable in the RCG with only ten learners 
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accessing all learning materials (having completed the online test for unit three). 

However, all learners sat the final examination. It also has to be noted that 47% 

of the learners in this group admitted to printing materials. It is a possibility that 

other learners also could have done the printing for them. 

 

 

 

 

 

 

 

 

 

 

Figure 23 Online Test Completion and Examination Performance 

 

Although a considerable number of learners in the FCG chose not to complete 

and submit the online tests, the examination and post-test results clearly indicate 

that this group performed consistently better that the RCG. The average marks 

achieved in the online tests by both groups are similar (see Figure 24). 

 

There was no incentive for the FCG to complete and submit the online tests and 

at the same time they were under no pressure to complete any specific unit or 

task in order gain access to the next level. While on the other hand the RCG had 

to complete and pass the tests in order to move to the next unit. The inability to 

see the overall picture, in this case all the units, may have created apprehension 

in those RCG learners whose learning style is to see the whole, and then 

concentrate on the individual parts.  
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Figure 24 Average Marks per Group on the Online Tests 

 

There was no incentive for the FCG to complete and submit the online tests and 

at the same time they were under no pressure to complete any specific unit or 

task in order gain access to the next level. While on the other hand the RCG had 

to complete and pass the tests in order to move to the next unit. The inability to 

see the overall picture, in this case all the units, may have created apprehension 

in those RCG learners whose learning style is to see the whole, and then 

concentrate on the individual parts.  

 

Comparison of Final Examination Results and Average Online Tests Results 

 

Review of the graphs in Figure 25 and Figure 26 reveals that the FCG 

demonstrates more consistency in the results obtained in both modes, online and 

supervised examination. There is also a high correlation between the individual 

results achieved in both tests. In most instances the result in the final 

examination is either equal or higher. In contrast the RCG group, in addition to 

performing slightly lower in the examination that the FCG, has no significant 

correlation between the results achieved in the online test and the final 

examination. 
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Figure 25 Comparison of Examination Results and Average Online Tests Results for 

RCG 
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Figure 26 Comparison of Examination Results and Average Online Tests Results for 

FCG 

 

6.5.1 Performance Analysis of Online Facilities Usage 

A much higher usage of the online facilities was expected than what was 

revealed by the tracker system, especially in the areas of email, help, feedback 

and access to references. Figure 27 displays the tracked usage.  
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Figure 27 Usage of Online Facilities per Group 

 

Analysis of the online facilities usage denotes that the main difference between 

the two groups is the amount of guidance needed by the RCG as denoted by their 

higher usage of the features that represent supporting functions. This fact was 

later reinforced by the post-survey results and on the focus groups sessions.  

 

The recorded usage of the online facilities by the RCG learners suggests that 

they approached the learning material in a similar way to the way they approach 

in-class, or F2F, learning. It appears that they would work through their units 

and, when they could not understand a concept or needed help in some way, they 

would refer to the online facilities. This took the place of contacting a real-life 

educator. It could be said that the RCG learners were unconsciously attempting 

to recreate the contact mode of a traditional classroom, in which the educator 

usually provides this type of guidance and explanations. 

 

The learners of the FCG were more independent and exhibited a much higher 

level of ownership of the system as demonstrated by their usage of the feedback 

facility instead of the email to voice their comments and opinions. The RCG did 

not provide a single feedback entry. The usage of email by learners in this group, 
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as their only communication tool, denotes their need for a person-to-person 

connection. On the contrary, the anonymous feedback used by the FCG learners 

could be interpreted as – ―I would like this problem fixed‖ or ―I offer this 

improvement suggestion but, do not worry about me, I am OK‖. The FCG acted 

more like independent learners needing less direct guidance and support. Overall, 

they also spent more hours on the system than the RCG (Figure 28 and Figure 

29). 

 

 

6.5.2 Performance Navigation Analysis 

One of the central aspects of the tracker system is to record learners‘ navigation 

for further analysis and evaluation of the TAL system. It was expected that the 

learners‘ navigational patterns would elucidate the learners preferred learning 

styles in terms of identifying if they were linear or nonlinear learners. This 

identification would be possible by tracking their use of the learning materials 

and resources. However, although the tracker system has performed its 

operational functions as expected and accurate data exits on the navigational 

patterns of all learners, a variable has emerged. This variable makes a purely 

statistical analysis far less reliable. It was discovered that a high number of 

learners: 

 Printed the materials, and  

 Studied from the physical paper-based resources instead of accessing the 

system online 

 

The amount of printing is considerable: 47% of the RCG and 27% of the FCG 

(See Section 6.7 Part Two: Focus Groups Data Analysis: Question One). This 

has decreased the transparency of their navigational patterns. Nevertheless, the 
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information contained in the database is considerable and can provide an 

important insight into how learners used the system. 

 

The printing phenomena, specifically the learners studying, from a printed 

resource, is also a common feature of traditional education where the delivery 

medium is situated-verbal communication, that is, listening to an educator. 

However, it is well known that many university students, in a traditional setting, 

rely on the printed material provided and skip many lectures. This is particularly 

true in the many cases where university students are also full-time employees. 

From this perspective, the printing phenomenon will be present in all delivery 

modes. Chang and Ley (2006) reported that some students use printed materials 

to reduce the high cognitive load generated by online on-screen materials. The 

other reasons they reported are: ability to write notes on them and easy access. 

The study also found that older learners tend to print more than younger learners 

as they report more difficulties reading from the screen.  

 

The next section presents the system usage and navigational preferences of the 

two groups and compares them with the results obtained in the final examination. 

 

6.5.3 Hours Online 

To complete the course, it was expected that 10 to 12 hours of active online time 

would be a reasonable estimate; study time for the final examination is not 

included in this figure. On inspection of the graphs in Figure 28 and Figure 29, 

which show the total hours online per learner and examination marks, it is clear 

that half of the learners did not spend the expected time online. The fact that a 

significant number of learners printed the learning material could explain this 
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situation. It is important to notice that individually, the FCG learners spent more 

time online than their RCG counterparts. However, this cannot be assumed to be 

more study time, as the RCG printed 20% more than the FCG and the FCG spent 

22% more time online.  There appears to be a correlation between the amount of 

printing done and the time offline. There is no correlation between the time spent 

online per learner and the marks achieved in final examination.   

 

 

 

 

 

 

 

 

 

 

Figure 28  RCG Total Hours Online per Learner and Examination Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29 FCG Total Hours Online per Learner and Examination Results 

 

The overall total number of hours online per groups is displayed in Figure 30. 

The graph shows that the FCG spent more hours on line (136 hrs) than the RCG 

RCG Hours Online and Examination Results

2.52
1.13

14.09

9.31

2.36 2.47

11.26

1.18

13.44

3.27
5.42 4.46

7.08

3.33

22.3

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Learners

H
o

u
rs

0.00

20.00

40.00

60.00

80.00

100.00

M
a
rk

s

Hours
Exam

FCG Hours Online and Examination Results

5.2 5.52

15.08

10.06

6.3

1.27

7.5

22.15

2.47 3.43

7.25

4.09

8.21

3.29

7.43

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Learners

H
o

u
rs

0.00

20.00

40.00

60.00

80.00

100.00

M
a
rk

s

Hours
Exam



107 
 

(106 hrs). This has to be read in context with other variables affecting the time 

spent online by the learners, namely, the amount of printing, offline study and 

the amount of idle time occurring per session. 

 

 

 

 

 

 

 

 

 

 

 

Figure 30 Total Number of Hours Online per Group 

 

The RGC spent less overall hours online, thirty less than the FCG. They also did 

the largest amount of printing: 47% against the 27% of the FCG. It could be 

argued that they replaced time online with time spent on physical resources. For 

this group the structure of the learning system may have appeared comparable to 

the normal, more traditional method, in which a unit is delivered each session, 

followed by a set of exercises or scheduled study to be completed before the next 

session. The RCG learners may have made this connection and tried to mimic it 

as much as possible in the new environment. On the other hand, the FCG was 

placed in an environment, in which they knew they had full control, allowing 

them to react by assuming this control, in different degrees, depending on the 

individual skills level and learning style. They were provided with the means to 

reorganise the environment to suit their needs rather than recreating the 

traditional approach. This point is demonstrated on the overall weekly navigation 

pattern (Figure 31). 
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The online course was available to the learners for six weeks. During this time, 

the amount of pages browsed for more than one minute was recorded in the TAL 

database. The FCG learners did a large amount of browsing in the first two 

weeks, followed by a downturn in this pattern for weeks three and four, then a 

slight increase towards the end of week five, most likely to prepare for the test. 

This browsing pattern can be an indication that the FCG learners were able to see 

the overall content in the first two weeks and may have formed a study plan 

based on this knowledge. Due to the delivery restrictions, this was not possible 

for the RCG. The RCG learners were constrained by the weekly release of the 

units and the need to pass the previous test to access each new unit. The weekly 

navigation trend for the RCG reveals that their navigation was steady for the first 

five weeks, dropping markedly in week six, presumably after finishing their 

preparation for the examination.  

 

 

 

 

 

 

 

Figure 31 Total Number of Browsed Pages per Week for Less than 1 Minute 
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Navigation Patterns 

The weekly navigation patterns are significant, especially in regard to the FCG. 

A detailed investigation of individual patterns revealed that the two groups had 

consistently linear navigation patterns. This was expected of the RCG as they 

could only navigate from the current unit backwards, which was considered to be 

good for revision but not as a learning strategy in the explorative sense. 

However, it was not expected of the FCG as they had control over their 

navigation pattern. The weekly patterns differentiated the two groups learning 

strategies and provided some substantiation to the proposition that individuals 

can use learner control to customise their learning environment. 

 

The session navigation of a typical RCG learner was to navigate the learning 

materials in a principally forward linear fashion, following the structure 

provided. This included some slight backwards and forward movement between 

the exercises, the online test and the theory, and some occasional use of support 

facilities. Browsing to other pages outside the units (backward browsing) was 

sometimes done, but it was not recorded by the database as learning-based time 

unless the learner stayed on the page for more than one minute. 

 

For learning-based pages (more than one minute), the typical navigation pattern 

of an individual FCG learner is very similar to that of the RCG learner. The FCG 

learners also followed forward navigation and the sequencing as presented, but 

the difference with this group is that, during the first two weeks, they browsed all 

units several times. It can only be assumed that they did this to gain an insight 

into the content of the units and what was expected of them during the course. 

The tracker recorded these pages as browsing, that are ―not having a learning 
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value‖, and time spent in these pages is not included in the count of total hours 

online as shown in (Figure 31). From the analysis of the browsed pages, plus the 

weekly navigation trend for this group, their navigation and learning strategy 

could be established. At the micro level they do not appear to have a distinct 

navigational pattern, but at the macro level they appear to have used the control 

provided, and use it to gain a strategic advantage that the RCG did not have. It 

appears that they took control of the learning environment by exploring the 

learning materials and resources at the beginning of the six weeks; and planning 

a study schedule to suit their learning preferences and time availability. 

According to the information gathered through the focus groups and the post-

delivery survey, time-management is a challenge for most learners as they have 

very tight schedules. 

 

Total Number of Pages Visited 

The total number of active pages visited per group (Figure 32) correlates with the 

hours on line (Figure 30) and the number of sessions (Figure 33). Relative to the 

FCG, the RCG has a lower incidence in all of them, with a difference of 32% 

less visited pages, 22% less hours online and 9% less sessions undertaken.  

 

 

 

 

 

 

Figure 32 Total Number of Active Pages Visited for More than One Minute  
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The average time per session is 36 minutes for the RCG and 38 minutes for the 

FCG. These figures are introduced for general comparative purposes only as it is 

acknowledged that the time recorded by the database as active time may not be 

necessarily realistic. The database was programmed to stop recording time after a 

period of three hours from the session start.  There is potential for a lot of idle 

time that is unaccounted for. Learners are likely to take breaks from the session 

for a variety of reasons. However, these situations affected both groups and for 

comparative purposes the inclusion of this data seems appropriate for the study. 

Traditional face-to-face learning can also be affected by idle time. 
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Figure 33 Total Number of Sessions per Group 

 

 

6.5.4 Performance Analysis in Relation to Hours Online 

Overall, the performance of the FCG is slightly better than that of the RCG and 

the total number of hours online for this group is also greater than for the RCG. 

However, an investigation of the individual number of hours online and the 

individual performance on the final examination revealed that the group 

correlation between time online and performance does not apply to the individual 

learner; the same is true of the RCG.  
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This may be explained by the amount of time spent printing, or with the previous 

knowledge that some learners claimed to possess, or with some external study 

sources they may have acquired. There is no statistical evidence to prove any of 

these arguments but they seem to be plausible options with the data available. 

The focus groups and the post-delivery survey (Sections 6.6: Question One) 

provided support for the printing argument but there is no evidence to support 

that previous HTML knowledge was an advantage. 

 

Adaptability Analysis 

Considering the results of the Final Examination and the Post-Exam Test, it is 

assumed that the FCG learners were able to use their control over the learning 

sequence in the most effective way for their personal learning styles. There is not 

enough evidence to prove that the sequence they used was the most effective one. 

The choices the learners made regarding the sequencing of the materials was 

based on personal choices and it is assumed that they based their decisions on 

their needs and personal learning styles. The decision to print learning materials 

was an adaptation of the system to suit their personal needs and learning style.  

 

The analysis of the data recorded by the tracker system did not provide sufficient 

information to identify the different learning styles based on navigational 

patterns, which learners consistently maintained using a linear approach with 

irregular browsing. It would be unwise to assume that all learners had the same 

learning style. The irregular browsing, which is the browsing that did not follow 

the learning sequence, and included pages browsed for less than one minute, was 

not recorded as learning time. Closer scrutiny of the irregular browsing revealed 

that 68% of the FCG learners did not stay on the pages long enough to carry out 
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any amount of serious study. They did however, have enough time to look around 

and assess the system. It is possible that they spent sufficient time to gain some 

knowledge and an understanding of the overall course structure and content 

before they settled into the sequence provided. This irregular browsing behaviour 

was predominant during the first two weeks of the course. 

 

The apparent under-usage of some system features denotes that the learners have 

exercised their choice to use the control given instead of dutifully following the 

structure provided, thus demonstrating the adaptability potential of the system. 

Different levels of control were given to each group. For instance, the FCG had 

substantial control over the learning method and style, while the RCG were only 

able to control aspects such as backwards navigation and the use of help 

facilities. However, based on the information gathered from the focus groups, 

this apparent under-usage can also be partially attributed to the learners‘ 

excessive workload and study commitment and the consequent lack of time. 

However, this still suggests that the learners were able to adapt the system to 

their specific needs.  

 

The system was able to cater for the needs of this type of learner, in this case, 

busy university students, with work and home commitments as well as study 

deadlines. They were constrained by time and used the features of the system that 

allowed them to achieve the learning objectives with a minimum amount of time 

and materials used. Most learners used the graphical navigation bar, which 

required no reading or memorisation, just visual clues in preference to the other 

textual navigational aids. Some also engaged in the printing of materials to 

facilitate location-free study. Twenty-seven per cent of the learners in the FCG 
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acknowledge this fact. This does not necessarily indicate that the system did not 

work for them, it merely suggests that they preferred to have access to printed 

material for a variety of reasons: easier to read, easier to access anywhere, or 

guided by a personal learning style inherited from traditional learning. It can be 

said that they used the system in a way that suited their needs and preferences.   

 

The results of the research confirm that the TAL system has exhibited capabilities 

to allow learners to control the sequencing of the learning materials and these 

learners have achieved better results than the learners in the control group. 

Although the results have not been significant they have been slightly higher and 

consistent across the different assessment or control items. However, the 

similarities in the navigation patterns of both groups have made it impossible for 

the tracker system to discern learning styles or preferences based on navigational 

patterns. 

 

Data on learning styles was collected during the pre-delivery survey (Table 9) 

and was a learner self-assessment that remains unconfirmed.  According to this 

self-assessment data, in the FCG 73% of the learners preferred working 

individually and 60% preferred to work through learning materials in sequence. 

Considering the results of the Final Examination, it is safe to assume that the 

remaining 40% adapted a sequencing approach to suit their particular needs.      

        

6.6 Post-delivery Survey Results and Analysis 

A week after completion of their formal examination, a post-delivery survey was 

given to learners from both groups, the FCG and the RCG, with the aim of 

gathering their views in retrospect, being after they had done the course and sat 
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for the examination. The survey consisted of seven questions, which were 

designed to provide a good overview of the learners‘ perceptions of the system, 

in terms of validity as a learning approach and effectiveness in preparing them 

for the examination. To ensure the reliability of the data the post-delivery survey 

was anonymous.  A copy of the survey form is included in Appendix B.  

 

6.6.1 Question One: Amount of Printing 

Results gathered through the database revealed that some individual learners had 

spent very little time online. This could be mean that those learners were either 

printing the material to work through when offline or using alternative resources 

for their study. Question one asked the learners if they had printed the learning 

materials and, if so, to identify the amount of printing done. The options 

provided were: less than 30%; between 30% and 60%; and more than 60%. Eight 

RCG learners admitted to printing, representing 47% of the group and four in the 

FCG, representing 27% of the group. The amount of printing carried out by these 

learners is displayed in Figure 34. 

 

The fact that some individual learners had printed learning material does not 

negate the effectiveness of the TAL system, as they were still using the materials 

for learning. However, it is significant in regard to the argument that learners 

prefer online learning for its flexibility, specifically the cliché phrase usually 

associated with online learning, namely “anytime / anywhere”. In this instance, 

the learners had resorted to printing the learning material to achieve the 

flexibility they wanted; they adapted the system to fit their needs. The focus 

group Sessions carried out later reinforced this position (Section 6.7). 
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Figure 34 Amount of Printing per Group 

 

 

6.6.2 Question Two: Alternative Resources 

The purpose of this question was to find out if students were relying solely on 

the materials provided or if they were exploring alternative resources in a true 

constructivist manner. The system provided links to selected reference materials 

including: books and online tutorials; and messages of encouragement for 

learners to explore. Other sources were included in the units and support pages. 

Survey results show that four learners from the RCG, representing 27% of the 

group, and three from the FCG, representing 20% of the group, used alternative 

learning materials.  

 

The results indicate that a significant number of learners relied on the materials 

presented. The focus group Sessions were congruent with this result. There was 

not enough evidence to establish if this is so because they trusted the educator‘s 

decisions or because they have very limited time to juggle busy lifestyles with 

full-time study. There is also no confirmation to ascertain if the alternative 
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materials were used for study or browsing purposes. The lack of time issue was a 

recurrent topic in the focus group discussions.  

 

6.6.3 Question Three: System Evaluation 

Question three asked the learners to evaluate and rate the TAL systems in terms 

of: completeness of the learning materials; quality of the explanations and 

examples provided; usefulness of the help facility; and network/Internet access 

performance. The rating scale provided was 1 to 10 with 1 being the lowest score 

and 10 the highest.  

 

The rating of the completeness of learning materials, Figure 35 was similar for 

the two groups. The FCG gave 13% to a rating of seven (R7), 53% to a rating of 

eight (R8) and 27% to a rating of nine (R9). The RCG gave 7% to rating of six 

(R6), 20% to a rating of seven (R7), 47% to a rating of eight (R8) and 20% to a 

rating of nine (R9). Overall the results are positive as no rating below six was 

given by the respondents. The FCG learners gave the learning materials a 

slightly higher score (See Figure 35).    
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Figure 35 Question 3: a) Completeness of the Learning Materials 
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The quality of the explanations and examples provided, results in conjunction 

with the results of the completeness of the learning materials (see Figure 36). 

This indicates that both groups perceived the system as possessing sound 

learning capabilities and that no major issues with the content were present. The 

FCG learners gave 20% to a rating of seven (R7), 53% to a rating of eight (R8) 

and 27% to a rating of nine (R9). The RCG learners gave 33% to a rating of 

seven (R7), 47% to a rating of eight (R8) and 20% to a rating of nine (R9). 

Overall the results are positive as no rating below seven was given by the 

respondents. Following the trend of the learning materials, the FCG learners 

gave the learning materials a slightly higher score. 
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Figure 36 Question 3: b) Quality of Explanations and Examples Provided 

 

Results about the usefulness of the help facility (see Figure 37) were received 

with mixed feelings by the researcher as the tracker system reported that only 

eleven learners from the RCG and four from the FCG had accessed the help 

facility and according to the survey fifteen respondents from the RCG and 

fourteen respondents from the FCG had entered comments on this point. This 

means that three respondents from the FCG have either assumed the usefulness 
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of the help facility; or have reported on previous experiences using help or have 

seen/accessed the help facility through another learner‘s session. There is no data 

available to verify these assumptions. 

0

2

4

6

8

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

RCG 0 0 0 0 0 1 6 6 2 0

FCG 0 0 0 0 0 1 7 6 0 0

Number of 
Replies

Rating Level

Question 3:  c) Usefulness of the Help Facility

RCG

FCG

 

Figure 37 Question: c) Usefulness of the Help Facility 

The purpose of this question was to identify any difficulties experienced by the 

learners in regard to connection and service availability. The quality of the 

learning environment involves the quality of all its components and the technical 

side is as important as the pedagogical part in online delivery. Email and 

feedback recorded by the database during the course reported some connection 

problems, mainly accessibility issues. There were a few cases of learners 

forgetting passwords. These problems were promptly solved. The results 

displayed in Figure 38 suggest that overall, the learners were satisfied with the 

connection and accessibility to the TAL system, and that the problems reported 

were infrequent and quickly solved. It is assumed that the ratings of five (R5) 

and six (R6) were entered by the learners affected by the server downtime or 

password issues. 
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Figure 38 Question 3: d) Network Internet Access Performance 

 

 

6.6.4 Question Four: Examination Preparation 

This question asked the respondents to identify how well the TAL system 

prepared them for their final supervised examination, see Figure 39. In essence, 

the objective of most learners when joining the TAL system was to have access 

to a convenient flexible delivery system to allow them to learn the subject matter 

in order to pass the examination.  
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Figure 39 How well did the Course Prepare you for the Final Examination 
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The breakdown of the results displayed in Figure 40 in percentages gave the 

FCG 7% to a rating of five (R5), 13% to a rating of six (R6), 7% to a rating of 

seven (R7), 40% to a rating of eight (R8) and 33% to a rating of nine (R9). The 

RCG gave 7% to a rating of five (R5), 33% to a rating of six (R6), 13% to a 

rating of seven (R7), 20% to a rating of eight (R8) and 27% to a rating of nine 

(R9).  

 

The results of analysing this data in conjunction with the marks obtained by both 

groups in the Final Examination, suggest that there is a correlation between the 

learners‘ perceptions of how well the TAL system prepared them for the 

examination and their performance in the actual examination.  
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Figure 40 Preparation for Final Examination for RCG and FCG in Percentages 

 

The line charts of Figure 40 and Figure 41 show that the groups trend about the 

views of how well the TAL system prepared them matches the Final 

Examination results trend line. The FCG learners performed slightly better in the 

final examination and also perceived to have been better prepared for it.  
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Figure 41  Final Examination Results 

 

6.6.5 Question Five: Best Features of the TAL System 

Question five asked the learners to list the best features of the TAL system. The 

purpose was to ascertain if there was agreement in what the educator considered 

appropriate features and what the learners valued the most in the system. This 

was also done to check for agreement between the two groups perceptions. The 

table below, Table 14, displays the results ranked by combined scores. 

BEST FEATURES IDENTIFIED FCG RCG Combined 

 Anytime anywhere 6 4 10 

 Good outline 4 5 9 

 Flexibility 4 5 9 

 Practice for the exam and good exercises 5 3 8 

 Access to everything ahead of time 7  7 

 Good for time management (personal time) 5  5 

 Quality of explanations  3 3 

 Self paced 2 1 3 

 Course specific 2  2 

 Good to work alone in exercises  2 2 

 Readily Available  1 1 

Table 14 Best Features of the TAL System 

 

The phrase, “anytime/anywhere” received the highest ranking with ten 

respondents identifying it as the best feature of the system. However, the fact 
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that a high percentage of the learners printed the learning materials for the 

convenience of reading them anytime and anywhere, denotes an incongruence of 

opinions. The point is further reinforced by the respondents as flexibility was 

chosen by nine respondents. 

 

Also, with nine points, good outline comes in second place (shared with 

flexibility). The learners‘ perception that the outline was appropriate may explain 

the infrequent use of the help and the email facilities, especially from the FCG 

learners. This was followed by practice for the exam and good exercises with 

eight points.  The quizzes and the online tests were intended for preparing the 

learners for the format of the Final Examination. The exercises were used to 

provide more practical tasks in a variety of contexts. The feature, access to 

everything ahead of time, was only chosen by individuals in the FCG, with seven 

learners choosing this feature. This is a specific feature of the FCG learning 

environment as they were given access to all units from week one. Having access 

to all materials ahead of time may also have contributed to the selection of the 

next high-ranking best feature, also chosen only by the FCG, good for time 

management (personal time) with five points.  

 

6.6.6 Question Six: Least Favourable Features of the TAL System  

Question six asked the respondents to list what they thought were the least 

favourable features of the TAL system. Results are shown in Table 15. The 

purpose here is to identify areas that are not working and use the information to 

modify and improve the system. The predominant feature chosen in this question 

is the perceived need for a physical teacher or face-to-face contact with teachers 

and/or other students, although not necessarily for full face-to-face delivery. 
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However, face-to-face consultation, by appointment, was offered as part of the 

online course and there were not appointments made. Downtime and system 

failures are at large unavoidable but having a good technical support team behind 

the delivery team can minimise these types of problems. 

LEAST FAVOURABLE FEATURES IDENTIFIED FCG RCG Combined 

 Problems with exercises – needed a teacher 3 2 5 

 Lack of human contact 1 2 3 

 Downtime (from home)  2 2 

 Lack of practice for the final exam  1 1 

 No enough time to complete the course given  1 1 

 Need more teacher/student contact 1  1 

Table 15 Least Favourable Features of the TAL System 

 

6.6.7 Question seven: Participation in Future Online Courses 

The final survey question was asked to determine whether, if given the 

opportunity to take part in another similar online course, the respondents would 

choose to participate in it. The result was that 73% of the RCG learners and 80% 

of the FCG learners would choose to participate. Online learning is not the 

preferred learning choice for all learners and perhaps a blended mode is more 

suitable for some learners, especially for those who require the reinforcement of 

a face-to-face approach. 

 

6.6.8 Analysis of Post-delivery Survey Data 

The post-delivery survey was conducted to establish the validity of the system as 

an appropriate learning approach and to determine its effectiveness in preparing 

the learners for the Final Examination. Overall, the learners‘ perceptions of the 

system demonstrated that it has potential to be considered an appropriate 

learning approach in terms of completeness of the learning materials; quality of 

explanations and examples provided; and network/Internet access. Although 

learners used the help facility sporadically and printed a significant amount of 
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material, their perceptions of the system were positive as demonstrated by the 

high rating that they assigned to the various features required by the survey.  The 

average rating given by both groups was eight (R8). In Figure 42, the graph 

overlaps the results of the four variables surveyed in Question Three with the 

Examination Preparation (Question Four) results.  

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

RCG Completeness of learning 
materials 0% 0% 0% 0% 0% 7% 20% 47% 20% 0%

RCG Quality of explanations 
and examples provided 0% 0% 0% 0% 0% 0% 33% 47% 20% 0%

RCG Usefulness of the Help 
facility 0% 0% 0% 0% 0% 7% 40% 40% 13% 0%

RCG Network and Internet 
Access Performance 0% 0% 0% 0% 7% 13% 13% 40% 27% 0%

RCG Preparation for the Final 
Examination 0% 0% 0% 0% 7% 33% 13% 20% 27% 0%
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R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

FCG Completeness of learning 
materials 0% 0% 0% 0% 0% 0% 13% 53% 27% 0%

FCG Quality of explanations and 
examples provided 0% 0% 0% 0% 0% 0% 20% 53% 27% 0%

FCG Usefulness of the Help 
facility 0% 0% 0% 0% 0% 7% 47% 40% 0% 0%

FCG Network and Internet 
Access Performance 0% 0% 0% 0% 7% 7% 0% 33% 47% 0%

FCG Preparation for the Final 
Examination 0% 0% 0% 0% 7% 13% 7% 40% 33% 0%
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Figure 42 a) and b)  Overlay of Question 3 and Question 4 Results in the Post-Delivery 

Survey for both Groups 

 

There is a significant trend emerging from the respondents‘ answers, which 

substantiated the system validity and its effectiveness in preparing the learners 

for the Final Examination. The FCG has rated the system consistently higher 

than the RCG and it has also performed better in the final examination with a 

group average of 81% against the 74.83% of the RCG. Figure 43 shows the 

average evaluation rating for both groups. 
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Figure 43 Group Average Results o Question 3 and Question 4 
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 Qualitative Analysis - Focus Groups 

 

 

 

6.7 Part Two: Focus Groups Data Analysis 

The purpose of the focus groups was to gather qualitative data to provide the 

researcher with an insight into the system performance and effectiveness from 

the learners‘ perspective. They were also used to identify the learners‘ usage of 

system facilitates and their navigational approach. Four focus group sessions 

were carried out after the completion of the online HTML course. The sessions 

were divided in two groups, FCG and the RCG, and were moderated by another 

researcher. Each group was made up of five participants and participation was 

voluntary. Appendix C contains a copy of the questions prepared for each 

session. The researcher introduced the questions but allowed free discussion on 

any matter introduced by the participants on the topic. 

 

6.7.1 Session One – First Impressions of the Online HTML Course 

In the first session, participants were asked to comment on and discuss their first 

impressions of the online HTML course in terms of online materials, unit 

structure and their initial system usage. Both groups came to similar conclusions 

on the topics discussed in the first meeting. They commented that the content and 

structure of learning materials were simple in design, consistent and easy to 

follow. With continuous use their opinion remained the same or improved 

towards the end of the course. The length of each unit was considered to be 

appropriate for completion in one session. However, most participants 

commented that, due to the flexibility of the system, they could stop and restart 
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the units as required or as permitted by their limited time. All participants in the 

RCG admitted to having printed the theory unit and the exercises at some point 

during the course. Only one participant in the FCG declared to having completed 

the whole course fully online. The general opinion was that printed material was 

later used for revision before the Final Examination and that it was convenient, 

because they could use it at any location, as no computer or laptop was required. 

 

All participants agreed that the examples and the explanations provided in the 

units were appropriate and helpful. Two participants from the RCG suggested 

that face-to-face consultation was necessary in case the examples or explanations 

provided were not sufficient or were too difficult to explain through an email. 

This point is significant because face-to-face consultation, by appointment, was 

available during the course to both groups and was never requested.  

 

When asked how much time they spent on their first ‗real‘ session the average 

response by both group was ―around one hour‖. The tracker system revealed that 

the average time online for the RCG is 38 minutes and 45 minutes for the FCG 

(all units). The focus group opinions refer only to the individual learners who 

participated in the discussion. In general, the database output in relation to the 

time spent online by learners can only reveal part of the truth, as some 

participants have printed the material and could work from it. The other issue is 

that the time online tracked by the system does not necessarily mean active time, 

but can be a combination of active and idle time. All but one participant (in the 

RCG) acknowledged that they usually have coffee/drinks, food and conversation 

breaks during their online sessions.  This type of break is also common in other 

study modes.  
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Participants were also asked whether they were interested in the learning 

materials or if their completion was solely based on fulfilling the programme 

requirements. Here the opinions were divided: three participants from the FCG 

and two from the RCG stated that their main interest was to pass the subject. The 

rest said that they were interested because it was a practically hands-on topic 

with good employment opportunities, in addition to the course requirements.  

 

Most participants stated that they completed, or almost completed, the first unit 

during their first ‗real‘ session. Due to the delivery structure of the system it was 

not required of the FCG to complete the online test for the first unit in order to 

progress to the other units. On the contrary, the RCG only had one unit released 

each week and completion of the previous unit‘s online test was a pre-requisite 

to access the following week‘s materials. For the RCG, all released materials 

remained available for the duration of the course. The RCG learners who had 

completed the unit did not returned to the system until the following week. Only 

those who had some incomplete work returned to the system the following day. 

 

All participants from the FCG and three from RCG acknowledged that their 

online study pattern was very changeable as the system flexibility allowed them 

to arrange their time around other study, work and other personal commitments. 

This is expected behaviour in an online system.  

 

6.7.2 Session Two – System Navigation Structure 

The preferred navigation strategy for both groups has been through the use of the 

main graphical navigation bar. Participants commented on the ease of use and 

the effectiveness of this navigation bar. An interesting and significant point is 
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that three participants, two from the FCG and one from the RCG, could not 

remember most of the options available through the main navigation bar, which 

was present at the top in all pages. One participant was even doubtful of the 

existence of the main navigation bar; he only recalled the graphical bar. This 

particular learner had passed the mid-year examination with 87%. Although the 

navigation of the learning materials could be achieved through the graphical 

navigation bar, the top main bar provided access to relevant system features and 

facilities such as email, glossary, feedback form and the student profile and 

results. The fact that the navigation bar seemed to remain unobtrusive, being 

unnoticed or not remembered by some learners in both groups, could explain the 

limited usage of some of the included facilities.  The use of the bottom textual 

navigation bar was also discussed, with some participants believing that there 

was no need for it, stating that they had never used it. 

 

In general, all participants agreed that the navigation structure was easy to use, 

and none of the participants had used the system Help Section on How to 

navigate the system. All participants in the FCG had followed the sequence 

structure provided, but had made small explorations into the units that followed 

their current unit. However, they all stated that they did not engage in, or 

complete, any of the work. The sequencing of the materials was accepted as 

appropriate and they did not attempt to break the flow of the topic presented. 

Some participants also commented that it was the educators‘ obligation to 

provide an accurate and efficient learning sequence. This appears to indicate a 

preference for linear learning by these participants. Those in the FCG who 

completed the exercises commented that they had sometimes navigated 
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backward and forward from the theory to the exercises, if they could not recall 

the correct HTML syntax. This group had no navigational restrictions. 

 

Although the RCG learners could only browse backwards to other units, and 

forward and backwards within the individual units, they said that the sequence 

provided was effective and did not need to be altered. This group also 

acknowledged having followed the sequence provided by the system and shared 

the preference for the graphical bar to navigate the units. When asked to list the 

contents of the top main bar, participants were unable to recall all items but 

remembered having seen it and some said that they did not remember having 

used it. The same situation was true for the bottom textual navigation bar present 

also in all of the units. 

 

Only two students from the RCG remembered having read the learning 

objectives for the units before attempting them. The rest, from both groups, 

assumed that the objectives were already covered in the unit and that there was 

no need to dedicate time to read them.  

 

It was evident by the results extracted from the database by the tracker system, 

and supported by the session discussions, that the use of the facilities included in 

the top navigation bar was infrequent by both groups. The explanations given by 

the focus groups participants were: 
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 lack of time to explore the system 

 the navigation they chose worked fine 

 most students do part-time work and fulltime study, which means that 

they have to be very selective on which activity they have time for 

 previous experience with this type of feature was unsatisfactory 

 

Session participants from both groups acknowledged not having used the help 

facility at all, but remembered that previous help facilities in other systems were 

not very useful. They believed that the instructions were difficult to follow, and 

thought that a lot of knowledge about the system was expected. The help facility 

was actually used eleven times by the RCG learners and four times by the FCG 

learners, but none of the individuals using them were present at the focus group 

session. The email facility for contacting educators and other learners was used 

twenty-two times by learners in the RCG and nine times by the FCG learners. A 

participant from the RCG said that, if he needed help from the educator, he 

would prefer to ask for a face-to- face consultation. 

  

The use of the feedback facility was approached differently by each group. No 

RCG learners had used this facility, and the session participants from the RCG 

explained this by saying that they did not have any major problems or suggestion 

to report, so did not use it. On the other hand, four participants from the FCG 

reported having used the facility in order to communicate both positive and 

negative comments, the negative being mainly to do with technical problems. 

The session discussion was congruous with the data collected from the database. 
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6.7.3 Session Three – Learner Control in Learning Environments 

From the beginning of the study, participants were aware of the fact that they had 

been placed in one of two groups, the main difference of which was the amount 

of learner control or navigation freedom given to the learners. At this session, 

they were asked to talk about their understanding of learner control. There were 

differing views on learner control. Some participants associated learner control 

with the ability to organise their workloads and take responsibility for their own 

learning in terms of deciding whether or not to attend lectures and tutorials or to 

study from online-posted lecture notes and other materials. Other participants 

understood learner control as a learner–centred approach where the learner 

controls the learning environment, receives the knowledge and decides which 

strategy better suits their learning capacity or preferences in that particular 

instance. 

 

Intense debate occurred in both groups when discussing current trends that 

appear to be shifting the responsibility of managing and making decisions about 

the learning process to the learner. The main argument presented by the 

participants had to do with the fact that they pay a high price for the courses they 

enrol in and expect the institution and the teaching staff to provide the necessary 

means to ensure the best possible learning and support service. Participants 

welcomed the use of technology in the delivery but wanted to retain the right to 

access the teaching staff if they required. Both groups stated that they considered 

it to be an advantage to be able to use the online HTML course as it gave them 

the flexibility that their busy lifestyles demanded. The argument they presented 

in relation to learner control is that they like the empowerment that comes with 

controlling their learning experience but are reluctant to be expected to take that 
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responsibility all the time. The main recurring point presented was the lack of 

time and their busy schedules. Another point they made was that learner control 

is only appropriate for certain subjects. If they like the subject or feel that they 

have some ability with it, they are happy to engage the learning experience from 

an exploratory perspective, from where they can set the pace and decide on what 

else to learn and how much to learn. According to the majority of participants 

from both groups, programming subjects do not usually fall into this category, 

but creative subjects do. 

 

Control over the sequencing navigation for the RCG learners was limited to 

individual units. This group was unanimous in saying that they were comfortable 

to follow the sequence provided and move backwards or forward as information 

was needed; if they could not recall it; but not as a pre-determined learning 

strategy. Although the system capabilities were build into the units provide to the 

FCG to customise the sequencing, the options were not taken up by participants, 

other than to browse the material with no specific learning purpose in mind.  

 

The discussion then shifted to the amount of information needed or used in order 

to complete the online course. The position of both groups was that, if an online 

course is offered, it should contain all the necessary information as part of the 

system, or provide links to it. A participant from the RCG said that he used a 

HTML book as an additional learning resource and also accessed some Internet 

tutorials on HTML. The rest of the group relied on the materials provided and 

some said that they printed the theory units and used them as reference material. 

The FCG participants acknowledged that they had easy access to other materials 

on the Internet, but considered that the materials provided were sufficient for the 
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task. They also said that they expected the examination to be similar to the online 

test used in the system, if not in content, at least in structure. Results extracted 

from the database revealed that three out of fifteen learners from the FCG and 

four from the RCG used additional learning resources.  

 

6.7.4 Session Four – System Evaluation 

Focus group discussions on system evaluation concentrated on ascertaining the 

participants‘ views of their expectations of online delivery versus traditional 

delivery. Both groups had similar expectation of online delivery. The main 

characteristics identified were flexibility and accessibility. In relation to the 

HTML online course, the ability to access learning materials at anytime and 

anyplace (provided access to a computer is available) was one of the major 

advantages of online delivery acknowledged.  Again, the time factor is an 

important variable in the participants‘ views. When asked if they would enrol in 

a new online course built on the same architecture and format, all participants 

responded with a definite ―yes‖. However, some participants wanted to know if 

face-to-face consultations would still be part of the agreement.  

 

The main weaknesses of the system identified by the focus groups were of a 

technical nature, namely speed of connection and reliable access. Connection 

problems outside the campus network are dependent on the users‘ equipment and 

cannot be solved by the system designers. Reliability of the access was 

compromised when, due to an unforeseen problem, the server was down on a 

weekend and the system was unavailable for almost two days. For online 

learners, weekends and weekdays are identical in terms of system accessibility 
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and the expectation is that the system is operational and without downtimes at all 

times. 

 

The system strengths identified were: its simplicity and easy navigation. 

Navigation appeared to be very important to both groups, with one participant 

recalling having previously had some negative experiences when he became lost 

within a website and unable to identify a clear navigation path. The effectiveness 

of using a graphical navigation bar in contrast to using a text-based one was 

reinforced by both groups. The modularity of the units was also mentioned as 

one of the system strengths. The next discussion topic was to assess the quality 

of the delivery approach.   

 

The quality of the delivery approach was discussed in conjunction with the 

quality of the learning method. For most participants, the quality of the learning 

was determined by how well the system prepared them for the supervised mid-

year examination. All participants attending the session had passed the 

examination. Some commented that they could have achieved better marks if 

they had had more time to study. They acknowledged that the learning materials 

contained the necessary information to complete the course and that the online 

tests were similar in format to the examination. The presentation of materials 

was believed to be adequate, well organised and properly sequenced. Participants 

were concerned with short-term results, that is, with passing the examination, but 

did not consider the quality of the system or the quality of the learning in order to 

ensure long-term knowledge and performance. The question is: ―Could they have 

learnt more had they used a different system and mode?‖ Overall, learners in the 

FCG performed significantly better. However, both groups appear to have used 
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similar learning preferences in terms of navigation approach. Both groups have 

also used a clearly linear approach in spite of the fact that the FCG had the 

option to alter the sequencing of the materials.  

 

6.7.5 Analysis of Focus Groups Sessions 

The focus group sessions provided an opportunity to obtain in-depth information 

about the learners‘ perception of the system, and helped clarify some unexpected 

behaviour and results. The first focus group session looked at the quality of the 

learning materials and the learners‘ impressions of their first learning session. 

Both groups shared the view that the learning materials were appropriate and 

easy to use, and gave the system an overall rating of eight out of ten. Participants 

reported to have spent about one hour on their first ‗real‘ session, but 

acknowledged that this pattern was not maintained during the course. 

 

The second focus group session concentrated on the navigation structure of the 

system and on identifying the usefulness of the system support facilities. The 

preferred navigation tool by both groups was the graphical unit map. The other 

navigation tools were infrequently used. Support facilities were seldom used and 

both groups attributed this sporadic use of facilities to lack of time and previous 

negative experiences. 

 

The third focus group session focused on how the learners perceived the issue of 

learner-controlled environments. This was a passionately discussed topic as the 

learners had strong feelings about the issue. In general, they were open to accept 

a learner-controlled approach, but wanted the security of having a partially 

guided environment, in which access to the educator is present, within a well 
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structured and sequenced approach. Again, the time availability issue was raised 

here. 

 

Finally, the fourth focus group session looked at system evaluation. The best 

features identified were flexibility and accessibility, although a few technical 

problems were reported. In relation to navigation, the best feature was simplicity 

and ease of use. The general consensus was that the learning materials contained 

the necessary information to complete the course and that they were well 

organised and sequenced. 

 

 

6.8 Chapter Summary 

This chapter has presented the quantitative and qualitative results of the research 

and the corresponding discussion sessions. The quantitative section included the 

statistical data analysis of the research propositions and hypothesis testing. The 

statistical report shows that the research propositions and hypotheses were found 

to be insufficient to substantiate the research hypothesis. However, they do 

provide evidence to support the view that the TAL system offers an effective 

educational alternative. The chapter also provided a detailed demographic 

analysis of the two groups and a learner‘s performance evaluation based on the 

Final Examination and Post-Exam Test results. The data collected by the tracker 

system provided a detailed overview of the learners‘ system usage, including 

information on navigational patterns, time spent online and session information.  

 

The qualitative data section included a discussion and analysis of the four focus 

groups sessions. These sessions provided an opportunity to discuss various 

features of the TAL model and obtain in-depth information and opinions from the 
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learners‘ who used the system. In general, the learners found the system easy to 

use and helpful for their learning and exam preparation. The treatment group also 

found it flexible and adaptable. 
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CHAPTER SEVEN 

Conclusions and Future Work 

 

 

 

 

 

7 Conclusion  

This thesis has presented the research and investigation carried out during the 

design, development and implementation of an adaptive technology-mediated 

learning system, which uses constructivism as the underlying learning theory and 

which places a special emphasis on the issue of learner control. The literature 

review has focussed on constructivism, learner control, effects of learner control 

on learners‘ performance, and the role of the teacher or educator in a technology-

mediated learning environment. Although the most popular forms of 

constructivism are part of the literature review, this research project has used the 

views and principles of Piaget‘s theory and looks at the construction of 

knowledge from an individual point of view.  

 

Learner control has been examined from different perspectives and schools of 

thought that either support or caution its implementation. Variables and factors 

that are related to learners‘ performance, such as motivation, and locus of control 

have been investigated in conjunction with learner control. Another aspect that 

has been researched is the high attrition rate of learners in tertiary education 

involved in online learning and the factors that contribute to this phenomenon. 

This line of investigation was prompted by the fact that the implementation and 

delivery of the e-learning system presented in this thesis was preceded by a 

previous attempt to deliver it to students on a voluntary basis. The attrition rate 
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was so high that the course was discontinued and it was introduced later as a 

compulsory course. 

 

The motivation for the research project was determined by the rapid proliferation 

of online courses in tertiary education and the low satisfaction rates of 

participants; hence the high attrition rates. There are successful implementations 

but they are often confined to small-scale experimental studies and very rarely 

crossover to mainstream online courses. 

 

This study has investigated existing implementations and has developed a model, 

based on constructivist learning theory, which aims at providing an adaptive 

learning system approach able to accommodate different learners with different 

learning styles and needs. The model was developed on the principle that 

learners can enter a learning environment with different skill levels and different 

learning abilities, and that the system must provide the flexibility to engage the 

learners at their level, not the other way around; hence, the need for adaptability 

of the system. The model implementation was prepared for an Internet or 

intranet-based delivery that was offered to learners on campus and externally.  

 

The data analysis established that the research hypotheses could not be 

demonstrated on statistical grounds, as evidenced by the low significance levels 

of the t-test results. Nevertheless, the research has demonstrated that the TAL 

system free learner control approach is as good as the guided learner control 

approach used by the control group and that it is an excellent standalone method 

for learning environments. Learners in the treatment group (FCG) consistently 
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outperformed the learners in the control group (RCG). Although the calculated 

difference is small, its consistency denotes a moderate superiority of the method.  

 

Information gathered from the focus groups indicates that the learners found the 

TAL system usable, complete and effective. This is demonstrated by their 

grades, system evaluation comments and resounding ―yes‖ when asked if they 

would be willing to participate on any similar course offered by the university. 

The focus groups discussions explained emerging characteristics of modern day 

university students that are likely to contribute to their study patterns and 

navigational decisions in learning environment. Learners often have excessive 

work and study commitments and, although some still prefer face-to-face 

interaction with teachers and instructors, they rarely pursue it when available. A 

great percentage of students combine work and study, and in some cases it is 

full-time work and full-time study. This creates a very hectic schedule, with time 

becoming a very expensive commodity. Learners have to organise their learning 

and study time around their many commitments. It is believed that this has 

contributed to the mostly linear navigation patterns of the FCG. One significant 

exception to this was the large number of pages browsed during the first two 

weeks of the course. The fact that although some learners acknowledged the 

need or preference for face-to-face interaction with an educator or teacher, they 

did not act on this; they never requested consultation time with the teacher. 

However, consultations were offered as part of the course.  
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7.1 Review of Propositions and Hypotheses 

 

Proposition One predicted that a technology-mediated learning system that 

allows full learner control over the learning sequence will increase the 

academic performance of learners, as measured by assessment instruments, 

in comparison to a restrictive or strictly guided sequence control system. 

The results of data analysis provided insufficient evidence to reject the null 

hypothesis in the case of the final examination (P1-H1), but in regards to 

the post-exam test (P1-H2), results of the t-Test Two-Sample Assuming 

Unequal Variances analysis provided sufficient evidence to reject the null 

hypothesis, allowing the alternative hypothesis of a significant difference 

in the mean post-exam results between the two groups to be accepted. 

 

The treatment group, the FCG, actually performed slightly better than the RCG 

in the final examination, but not enough to make a difference to the result. 

However, the results of the post-exam test, and the acceptance of the alternative 

hypothesis, indicate that the TAL system had a significant effect on knowledge 

retention. The results were analysed in regard to demographic data and an 

interesting trend was discovered. The learners aged 25 to 35 years showed 

significant rates of knowledge retention, performing better in the post-exam test 

than those aged over 36 years, whose results were comparable to the control 

group. 

 

Proposition Two predicted that a technology-mediated learning system that 

allows full learner control over the learning sequence will be the preferred 

choice in comparison to a restrictive or strictly guided sequence control 
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system and will be rated higher by learners in terms of completeness, 

quality of materials, support and preparedness for the final examination. 

The results of the t-Test Two-Sample Assuming Unequal Variances 

analysis provided insufficient evidence to reject the null hypotheses (P2-

H1; P2-H2; P2-H3; P2-H4) that, through evaluation results, there is no 

significant difference in the mean completeness of the learning materials; 

quality of explanations and examples provided; usefulness of online help 

facility; and preparedness for final examination between the two groups. 

 

Data was gathered from the post-delivery survey which was completed by both 

groups. The results depicting perception-based responses from the FCG showed 

an overall positive attitude towards the TAL system. However, although 

analytically demonstrating a slightly lower rating, the RCG showed an optimistic 

response. Basically, both groups appeared to enjoy the course they had 

undertaken and viewed it as a positive experience.  

 

Proposition Three predicted that a technology-mediated learning system that 

allows full learner control over the learning sequence will be more 

adaptable to the learners‘ learning styles and preferences than a restrictive 

or strictly guided sequence control system. The results of the focus group 

discussions did not provided sufficient evidence to reject the null 

hypothesis that there is no significant difference in the mean adaptability 

results between the two groups. The alternative hypothesis was rejected.  

 

Because of the nature of focus group evaluation it is difficult to find any 

significance in the results. The learners in both groups, RCG and FCG, showed a 
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positive attitude towards the course. However, those learners who chose to attend 

the focus groups may have been the ones with a positive attitude to start with. 

Within populations there is such a great deal of variation in personalities, 

motivation, emotions and biases that it is difficult to quantify learners‘ attitude to 

the adaptability of any system. This also reflects the individuality of the learner, 

which is one of the principles we have discussed in this thesis. 

 

7.2 Discussion 

In conclusion, the research study has investigated, designed, implemented and 

delivered an effective technology-mediated system based on constructivism and 

offering learner control capabilities. Although its effectiveness was proven as an 

alternative delivery method offered as an option; the statistical analysis did not 

substantiate the research hypothesis. This indicates that, when educational 

designers prepare teaching materials for an adaptable system, they can engineer 

the possibility to accommodate different learning styles and preferences, but 

ultimately the decisions are made by the learner. The ideal TAL system should 

be able to derive the learning style by automatically analysing the learner profile 

generated by the database. However, this is a complex task as the learner‘s 

learning style depends on individual characteristics and these can be affected by 

a variety of external conditions. 

 

7.3 Directions for the Future 

There are a number of issues arising from this study that could be taken on board 

for future research. The main interest areas are: the importance of browsing in 

technology-mediated environments, the role of the teacher in learner controlled 
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environments and the educational implications of the changing lifestyle trends of 

tertiary students.  

 

 Investigation is needed to determine the importance of browsing in 

technology-mediated environments from an educational point of view. 

The issue is to determine when browsing stops being simple, mere 

exploration and when it changes into educational intent.  The amount of 

browsing done in the early stages of the course by the FCG poses the 

question of whether or not browsing can enhance the learning experience 

and the learner performance by providing organisational study clues.  

 

 The teacher or educator‘s role in technology-mediated environments, 

especially in those that allow learner control, remains unclear in terms of 

how, when and how much to intervene in the learning experience. 

Independent of the learning theory adopted, an expert presence is required 

to guarantee that learning objectives are either explicitly formulated or 

implicitly guided. Also the issue of presence is related to the intervention 

mode. Should it only be virtual mediation or is physical presence 

required, or even appropriate? 

 

 Changing lifestyle trends of tertiary students can affect their educational 

decisions. An increasing number of students today combine work with 

study. Most of the learners participating in the focus groups acknowledge 

the fact that they do not have much time to explore and try different study 

alternatives, and that sometimes they are forced to cut corners in order to 

handle their hectic workload. For tertiary study, the educational 
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implications of these trends need to be identified in order to develop more 

customised learning environments in the future. 
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APPENDICES 

 

Pre-Delivery Survey 
 

Before you start with the learning materials we would like you to complete 

the following questionnaire. We are gathering information on the 

participants' current computing expertise, their preferred learning styles and 

on their views on e-learning environments. 

                                       Thank you. 

PARTICIPANT DETAILS  

Name: 
 

E-mail: 
 

Gender: 
Male Female 

Age 
group: 

 Under 25  

 25 to 35  

  36 to 45             

  Over 45 

Course: 

  Bachelor of Multimedia            

  Bachelor of Information Technology            

  Other:             

Year 
level: 

  First           

  Second 

  Third          

  Postgraduate 

COMPUTING SKILLS 

  

APPLICATIONS None Beginner Intermediate Expert 

Word-processing 
    

Spreadsheets 
    

Databases 
    

Internet navigation/searches 
    

E-mail facilities 
    

Appendix A 
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HTML /HTML editors 
    

If you have done any programming, enter the programming language in 
the text box provided and indicate your skill level. 

PROGRAMMING Basic Intermediate Advanced Expert 

     

     

     

     

  

E-LEARNING EXPERIENCE 

Have you participated in e-learning environments 
before? 

  Yes         

   No 

What do you think are (or can be) the advantages that e-learning learning can 
offer you? 

Select as many as necessary. 

  I can do it from home/anywhere              

  I can prepare my own personal timetable              

  I can study and also attend to my family              

  I can organise my studies around my job  

Other: 

 
 

What do you think are (or can be) the disadvantages of e-learning? 

Select as many as necessary. 

  Not enough information is given to complete tasks              

  Too much information is given to complete tasks              

  Inadequacy of learning materials              

  When you have problems you are on your own              

  Access to networked computers is difficult              

  Hardware/system problems (Eg. connections are too slow)  
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Other: 

 
 

LEARNING CHARACTERISTICS  

How do 
you learn 
best? 

working individually  

working in groups 

Rank the following statements according to how well they refer to your own 
learning experiences.  

One (1) is the highest rank, four (4) is the lowest rank. 

1
   I learn best by reading             

1
   I learn best by listening             

1
   I learn best by doing/performing             

1
   I learn best by observing/watching 

Are you 
easily 
motivated 
to study 
on your 
own? 

Yes 

No 

When you study (take for example a set chapter from a book), do you usually 
read the text... 

 slowly from beginning to end and in sequence              

 skimming through but in sequence              

 skimming without a pattern or sequence             

 skimming through the main headings then reading only certain parts 

RESET
 

Press this button to clear the form. 

SUBMIT
 

Press this button when the form is completed and ready 
to be processed. 
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Demographic Details  
 
      

PARTICIPANTS DETAILS 

ITEMS Description RCG FCG 

Gender: 
Male 12 80% 12 80% 

Female 3 20% 3 20% 

Age Group: 

Under 25 0 0% 0 0% 

25 to 35 11 73% 11 73% 

36 to 45 4 27% 4 27% 

Over 45 0 0% 0 0% 

Course: 

BMM 10 67% 14 93% 

BINF 4 27% 0 0% 

Cross/Electronic/Engineeri

ng 
1 7% 1 7% 

Year Level: 
First 12 80% 14 93% 

Second 3 20% 1 7% 

      

      

      

COMPUTING SKILLS 

ITEMS Description RCG FCG 

Applications 

Word-processing 15 100% 15 100% 

Spreadsheets 15 100% 15 100% 

Databases 15 100% 15 100% 

Internet usage 15 100% 15 100% 

Email usage 15 100% 15 100% 

HTML 14 93% 13 87% 

Programming 
A variety of programming 

languages 
11 73% 9 60% 
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E-LEARNING EXPERIENCE 

ITEMS Description RCG FCG 

Have you 

participated in e-

learning before 

Yes 5 33% 4 27% 

No 10 67% 11 73% 

Advantages of e-

learning 

I can do it from 

home/anywhere 
13 87% 13 87% 

I can prepare my own 

timetable 
13 87% 12 80% 

I can study and attend to 

my family 
7 47% 5 33% 

I can organise my studies 

around my job 
8 53% 11 73% 

Other 

I can ask questions 

whenever I need to 

through email. I don‘t 

physically have to be in a 

tutorial 

  0% 1 7% 

Disadvantages of e-

learning 

Not enough information 

is given to complete tasks 
3 20% 8 53% 

Too much information is 

given to complete tasks 
1 7% 3 20% 

Inadequacy of learning 

materials 
2 13% 1 7% 

When you have 

problems you are on your 

own 

12 80% 10 67% 

Problems with network 

access 
2 13% 1 7% 

Hardware/ system 

problems 
6 40% 7 47% 

Other 

The goal of doing a 

particular tute exercise is 

not clear if there is no tutor 

here telling you what 

1 7%   0% 

Some lack of student 

contact 
  0% 1 7% 
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Statistical Data Analysis 
 

 

Proposition One (P1) 

A technology-mediated learning system that allows full learner control over the 

learning sequence will increase the academic performance of learners as 

measured by assessment instruments in comparison to a restrictive or strictly 

guided sequence control system. 

 

Proposition One – Hypothesis One 

 

EXAMINATION RESULTS 

Learner RCG FCG 

L1 47.50 67.50 

L2 60.00 70.00 

L3 65.00 70.00 

L4 67.50 72.50 

L5 70.00 75.00 

L6 70.00 77.50 

L7 75.00 77.50 

L8 77.50 80.00 

L9 77.50 82.50 

L10 80.00 82.50 

L11 80.00 87.50 

L12 82.50 87.50 

L13 82.50 92.50 

L14 87.50 95.00 

L15 100.00 97.50 

AVG.: 74.83 81.00 

 

 

P1-H10: There is no significant difference in the mean examination results 

between the RCG and the FCG. 

 μ1 – μ2 = 0    

  

P1-H1I: There is a significant difference in the mean examination results 

between the RCG and the FCG. 

 μ1 – μ2  0    

Appendix B 
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t-Test: Two-Sample Assuming Unequal Variances 
 

  Variable 1 Variable 2 

Mean 74.83333333 81 

Variance 153.0952381 89.10714286 

Observations 15 15 

Hypothesized Mean Difference 0  

df 26  

t Stat -1.534641362  

P(T<=t) one-tail 0.068476118  

t Critical one-tail 1.705617901  

P(T<=t) two-tail 0.136952235  

t Critical two-tail 2.055529418   

 

Because the value of the test statistic t = --1.534641362 falls in the non-rejection 

region, we fail to reject the null hypothesis. Consequently we conclude that there 

is difference in the means examination results of group RCG and the means 

examination results of group FCG.  

 

Proposition One – Hypothesis Two 

 

 POST-EXAM RESULTS 

Learner RCG FCG 

L1 Declined Declined 

L2 Declined Declined 

L3 Declined 12.50 

L4 0.00 12.50 

L5 12.50 18.75 

L6 12.50 25.00 

L7 12.50 43.75 

L8 12.50 50.00 

L9 25.00 50.00 

L10 25.00 56.25 

L11 25.00 68.75 

L12 31.25 75.00 

L13 62.50 75.00 

L14 62.50 81.25 

L15 68.75 93.75 

AVG.: 29.17 50.96 

 

P1-H20: There is no significant difference in the mean post-exam results 

between the RCG and the FCG. 

 μ1 – μ2 = 0     

P1-H2I: There is a significant difference in the mean post-exam results between 

the RCG and the FCG. 

 μ1 – μ2  0    
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Variable 1 Variable 2 

Mean 29.16666667 50.96153846 

Variance 527.9356061 747.6963141 

Observations 12 13 

Hypothesized Mean Difference 0  

df 23  

t Stat -2.163218916  

P(T<=t) one-tail 0.020579953  

t Critical one-tail 1.713871517  

P(T<=t) two-tail 0.041159905  

t Critical two-tail 2.068657599   

  

Because the value of the test statistic t = -2.163218916 falls in the rejection 

region, we reject the null hypothesis. Consequently we conclude that there is 

difference in the means post-exam results of group RCG and the means post-

exam results of group FCG.  
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Proposition Two (P2) 

 

A technology-mediated learning system that allows full learner control over the 

learning sequence will be the preferred choice in comparison to a restrictive or 

strictly guided sequence control system and will be rated higher by learners in 

terms of completeness, quality of materials, support and preparedness. 

 

Proposition Two – Hypothesis One 

 

L
ea

rn
er

 

RCG FCG 

L1 8 8 

L2  8 

L3 7 9 

L4 8  

L5 9 9 

L6 8 8 

L7 7 8 

L8 6 7 

L9 8 8 

L10 8 8 

L11 8 8 

L12 9 9 

L13 9 9 

L14 8 8 

L15 7 7 

Total: 110 114 

Average: 7.857 8.143 

 

P2-H10: There is no significant difference in the mean completeness of the 

learning materials evaluation results between the RCG and the FCG.  

μ1 – μ2 = 0    

  

P2-H1I: There is significant difference in the mean completeness of the learning 

materials evaluation results between the RCG and the FCG. 

   μ1 – μ2  0   
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Variable 1 Variable 2 

Mean 7.857142857 8.142857143 

Variance 0.747252747 0.43956044 

Observations 14 14 

Hypothesized Mean Difference 0  

df 24  

t Stat -0.981306763  

P(T<=t) one-tail 0.168115469  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.336230937  

t Critical two-tail 2.063898547   

 

Because the value of the test statistic t = -0.981306763 falls in the non-rejection 

region, we fail to reject the null hypothesis. Consequently we conclude that there 

is no difference in the means examination results of group RCG and the means 

examination results of group FCG.  

 

Proposition Two – Hypothesis Two 

 

Learner RCG FCG 

   

L1 8 8 

L2 0 9 

L3 7 7 

L4 7 8 

L5 9 9 

L6 8 8 

L7 8 7 

L8 7 8 

L9 7 8 

L10 8 8 

L11 8 8 

L12 9 9 

L13 9 9 

L14 8 8 

L15 7 7 

Total: 110 121 

Average: 7.333333 8.066667 
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P2-H20: There is no significant difference in the mean quality of explanations 

and examples provided evaluation results between the RCG and the FCG.  

μ1 - μ2 = 0    

P2-H2I: There is significant difference in the mean quality of explanations and 

examples provided evaluation results between the RCG and the FCG. 

μ1 – μ2  0   

 

 

 

 

 

 

 

 
 

Because the value of the test statistic t = -1.250092248 falls in the non-rejection 

region, we fail to reject the null hypothesis. Consequently we conclude that there 

is no difference in the means quality of explanations and examples provided 

evaluation results of group RCG and the means examination results of group 

FCG.  

 

Proposition Two – Hypothesis Three 

Learner RCG FCG 

   

L1 7 7 
L2 8 7 
L3 9 7 
L4 7 8 
L5 6 7 
L6 8 8 
L7 8 8 
L8 8 8 
L9 8 8 
L10 8 8 
L11 7 7 
L12 7 7 
L13 9 7 
L14 7 6 
L15 7  

Total: 114 103 

t-Test: Two-Sample Assuming Unequal Variances

Variable 1 Variable 2

Mean 7.333333333 8.066666667

Variance 4.666666667 0.495238095

Observations 15 15

Hypothesized Mean Difference 0

df 17

t Stat -1.250092248

P(T<=t) one-tail 0.114100636

t Critical one-tail 1.739606716

P(T<=t) two-tail 0.228201272

t Critical two-tail 2.109815559



160 
 

Average: 7.6 7.357143 

P2-H30: There is no significant difference in the mean usefulness of online help 

facility evaluation results between the RCG and the FCG. 

 μ1 – μ2 = 0     

P2-H3I: There is significant difference in the mean usefulness of online help 

facility evaluation results between the RCG and the FCG. 

  μ1 – μ2  0    

 

 

 

 

 

 

 

 

 

 

 

 

Because the value of the test statistic t = 0.890571731 falls in the non-rejection 

region, we fail to reject the null hypothesis. Consequently we conclude that there 

is no difference in the means usefulness of online help facility evaluation results 

of group RCG and the means examination results of group FCG.  

 

Proposition Two – Hypothesis Four 

 
Learner RCG FCG 

   
L1 5 8 
L2 8 8 
L3 8 8 
L4 6 8 
L5 6 6 
L6 9 7 
L7 6 9 
L8 6 9 
L9 6 8 
L10 9 8 
L11 9 9 
L12 9 9 
L13 7 6 
L14 7 5 
L15 8 9 

Total: 109 117 
Average: 7.266667 7.8 

t-Test: Two-Sample Assuming Unequal Variances

Variable 1 Variable 2

Mean 7.6 7.357142857
Variance 0.685714286 0.401098901
Observations 15 14

Hypothesized Mean Difference 0
df 26

t Stat 0.890571731
P(T<=t) one-tail 0.190663082
t Critical one-tail 1.705617901
P(T<=t) two-tail 0.381326164
t Critical two-tail 2.055529418
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P2-H40: There is no significant difference in the mean preparedness for final 

examination evaluation results between the RCG and the FCG. 

 μ1 – μ2 = 0     

 

P2-H4I: There is significant difference in the mean preparedness for final 

examination evaluation results between the RCG and the FCG. 

  μ1 – μ2  0   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Because the value of the test statistic t = -1.1003685 falls in the non-rejection 

region, we fail to reject the null hypothesis. Consequently we conclude that there 

is no difference in the means preparedness for final examination evaluation 

results of group RCG and the means preparedness for final examination results of 

group FCG.  

 

t-Test: Two-Sample Assuming Unequal Variances

Variable 1 Variable 2

Mean 7.266666667 7.8

Variance 1.923809524 1.6

Observations 15 15

Hypothesized Mean Difference 0
df 28

t Stat -1.100368489

P(T<=t) one-tail 0.140271048

t Critical one-tail 1.701130908

P(T<=t) two-tail 0.280542097
t Critical two-tail 2.048407115
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Post-Exam Test Results- Age Group: 25 to 35 years 
 

This t-Test was not part of the research propositions and hypotheses but was 

carried out based on the positive findings of the analysis of the post-exam test 

results for the FCG. 

 

Learner RCG FCG

L1 25.00 50.00

L2 12.50 75.00

L3 12.50 75.00

L4 62.50 12.50

L5 68.75

L6 31.25 56.25

L7 50.00

L8 25.00 25.00

L9 81.25

L10 68.75 93.75

L11 0.00 18.75

Average: 29.688 55.114

Post-Test Results by Age

25 to 35 years old

AGE GROUP RCG FCG 

25 to 35 11 73% 11 73% 

36 to 45 4 27% 4 27% 

 

 

t-Test: Two-Sample Assuming Unequal Variances

Variable 1 Variable 2

Mean 29.6875 55.11363636

Variance 588.7276786 725.1420455

Observations 8 11

Hypothesized Mean Difference 0

df 16

t Stat -2.152648343

P(T<=t) one-tail 0.023476079

t Critical one-tail 1.745883669

P(T<=t) two-tail 0.046952159

t Critical two-tail 2.119905285  
 
Because the value of the test statistic t = -2.152648343 falls in the rejection 

region, we reject the null hypothesis. Consequently we conclude that there is 

difference in the means post-exam results of group RCG and the means post-

exam results of group FCG.  
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Performance Reports 
 
Comparison of individual examination results per group. The results have been 

ordered in ascending order according to examination results. 

   

EXAMINATION RESULTS 

Learner RCG FCG 

L1 47.50 67.50 

L2 60.00 70.00 

L3 65.00 70.00 

L4 67.50 72.50 

L5 70.00 75.00 

L6 70.00 77.50 

L7 75.00 77.50 

L8 77.50 80.00 

L9 77.50 82.50 

L10 80.00 82.50 

L11 80.00 87.50 

L12 82.50 87.50 

L13 82.50 92.50 

L14 87.50 95.00 

L15 100.00 97.50 

AVG: 74.83 81.00 

STDEV: 12.373 9.440 
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Comparison of individual post-exam test results per group. The results have been 

ordered in ascending order according to post-exam test results. 

POST-EXAM RESULTS 

Learner RCG FCG 

L1 Declined Declined 

L2 Declined Declined 

L3 Declined 12.50 

L4 0.00 12.50 

L5 12.50 18.75 

L6 12.50 25.00 

L7 12.50 43.75 

L8 12.50 50.00 

L9 25.00 50.00 

L10 25.00 56.25 

L11 25.00 68.75 

L12 31.25 75.00 

L13 62.50 75.00 

L14 62.50 81.25 

L15 68.75 93.75 

AVG: 29.17 50.96 

STDEV: 22.977 27.344 
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Results by Gender 
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Results by Age 
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Results by Previous HTML Background 
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Results by Previous e-Learning Experience 

 

70.00
72.5077.25

84.09

7
4

.8
3

8
1

.0
0

0.00

20.00

40.00

60.00

80.00

100.00

RCG FCG

A
v
e
ra

g
e
 M

a
rk

s
 p

e
r 
G

ro
u

p
Comparison - Examination Results and e-Learning Experience, including 

Combined Examination Results

Experience No-Experience Combined

 
 

43.75

50.00

24.31

51.14

2
9
.1

7

5
0
.9

6

0.00

20.00

40.00

60.00

80.00

100.00

RCG FCG

A
v
e
ra

g
e
 M

a
rk

s
 p

e
r 
G

ro
u

p

Comparison - Post-Exam Test Results and e-Learning Experience, including 
Combined Post-Exam Test Results

Experience No-Experience Combined

 
 
 
Online Tests Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Number of Learners Completing Online Tests

15

12

10

5

10

8

5
4

1

3

5

7

9

11

13

15

TEST 1 TEST 2 TEST 3 TEST 4

L
e
a
rn

e
rs

RCG

FCG



168 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

0.00

20.00

40.00

60.00

80.00

100.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

M
a
rk

s

Comparison of Examination Results and Average Online Tests 
Results - RCG

RCG Online Tests
Average 

RCG Examination
Results

 
 
 

0.00

20.00

40.00

60.00

80.00

100.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Comparison of Examination Results and Average Online Tests 
Results - FCG

FCG Online Tests
Average 

FCG Examination
Results

 
 
 
 
 
 

Average Marks per Group on Online Tests

72.53

85.00 82.50

86.0092.0088.92
84.9

87.00
86.00

85.13

0.00

20.00

40.00

60.00

80.00

100.00

TEST 1 TEST 2 TEST 3 TEST 4 ALL TESTS

A
v
e
ra

g
e
 M

a
rk

s
 p

e
r 

G
ro

u
p

RCG

FCG



169 
 

Navigation and Usage Reports 
 

Total usage of online facilities of the RCG 

Learner 

e
-M

a
il

  

P
e
rm

is
si

o
n

 

G
lo

ss
a

ry
 

E
m

a
il

 

H
el

p
 

O
b

je
c
ti

v
e
s 

R
e
fe

r
e
n

c
e
s 

N
o

ti
ce

 

B
o
a

r
d

 

F
e
e
d

b
a

c
k

 

L1 y 2 2 0 2 1 2 0 

L2 n 0 3 1 0 0 0 0 

L3 n 1 6 1 2 2 4 0 

L4 y 0 0 0 0 0 0 0 

L5 n 4 5 2 2 0 3 0 

L6 n 3 1 2 1 0 1 0 

L7 y 0 0 0 0 0 0 0 

L8 n 0 0 0 0 0 0 0 

L9 y 2 1 1 0 0 0 0 

L10 n 0 0 0 0 0 0 0 

L11 n 0 0 0 0 0 0 0 

L12 n 0 3 3 3 3 2 0 

L13 n 1 1 1 0 0 2 0 

L14 y 0 0 0 0 0 0 0 

L15 y 0 0 0 1 1 1 0 

TOTAL: 
Yes = 6 

No = 9 
13 22 11 11 7 15 0 

 

Total usage of online facilities of the FCG 

 

Learner 

e
-M

a
il

  

P
e
rm

is
si

o
n

 

G
lo

ss
a

ry
 

E
m

a
il

 

H
e
lp

 

O
b

je
c
ti

v
e
s 

R
e
fe

r
e
n

c
e
s 

N
o

ti
ce

 

B
o
a

r
d

 

F
e
e
d

b
a

c
k

 
L1 n 0 1 1 0 0 0 3 

L2 y 0 0 0 1 0 2 0 

L3 y 0 2 0 0 0 5 0 

L4 y 0 0 0 0 0 1 2 

L5 n 1 1 1 0 0 0 1 

L6 y 0 0 0 0 3 0 0 

L7 y 0 0 0 0 0 0 0 

L8 y 0 0 0 0 0 0 1 

L9 y 0 0 1 0 1 1 1 

L10 y 1 1 0 1 0 0 0 

L11 y 1 2 0 1 0 0 1 

L12 y 0 0 0 0 0 0 0 

L13 y 2 2 1 1 1 0 2 

L14 n 0 0 0 0 1 0 0 

L15 y 0 0 0 0 1 0 1 

TOTAL: 
Yes = 12 

No = 3 
5 9 4 4 7 9 12 

 

 
Total Number of Times Online Facilities Were Used 

GROUPS Glossary E-mail Help Objectives References 
Notice 

Board 
Feedback 

RCG 13 22 11 11 7 15 0 

FCG 5 9 4 4 7 9 12 
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Summary of learning system usage by learners of the RCG 

 

RCG 

Learner 
Overall  

Hours 

Overall 

Pages  

> 1min 

Sessions 

Average 

Pages 

per 

Session 

Average 

Time per 

Session 

in 

Minutes 

L1 2:52 81 6 14 29 

L2 1:13 26 13 2 6 

L3 14:09 151 26 6 33 

L4 9:31 111 10 11 57 

L5 2:36 109 7 16 22 

L6 2:47 100 6 17 28 

L7 11:26 85 11 8 62 

L8 1:18 44 10 4 8 

L9 13:44 168 16 11 52 

L10 3:27 15 4 4 52 

L11 5:42 49 8 6 43 

L12 4:46 50 8 6 36 

L13 7:08 89 7 13 61 

L14 3:33 32 9 4 24 

L15 22:30 93 25 4 54 

TOTAL: 106.42 1203 166 123   

AVG: 6:00 79 10 9 36 
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Summary of learning system usage by learners of the FCG 

 

FCG 

Learner 
Overall  

hours 

Overall 

Pages  

>1 min 

Sessions 

Average 

Pages 

per 

Session 

Average 

Time per 

Session 

in 

Minutes 

L1 5:20 129 7 18.4 62 

L2 5:52 54 9 6.0 43 

L3 15:08 174 20 8.7 61 

L4 10:06 112 8 14.0 57 

L5 6:30 46 15 3.1 6 

L6 1:37 25 8 3.1 8 

L7 7:50 585 27 21.7 24 

L8 22:15 63 14 4.5 52 

L9 2:47 30 7 4.3 54 

L10 3:43 58 7 8.3 22 

L11 7:25 111 15 7.4 36 

L12 4:09 57 7 8.1 52 

L13 8:21 131 18 7.3 33 

L14 3:29 67 11 6.1 28 

L15 7:43 125 10 12.5 29 

TOTAL: 136.15 1767 183 133   

AVG: 20:44 118 12 9 38 

 

 

Groups 

Total 

Hours 

Online 

Total 

Pages 

> 1min. 

Total 

Number of 

Sessions 

RCG 106.42 1203 166 

FCG 136.15 1767 183 
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Comparison of examination results and hours online for the FCG 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total pages browsed per week by the RCG and the FCG 

 

Browsed Pages by Week     < 1 min. 

Group Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

RCG 70 67 100 43 88 23 

FCG 350 390 76 98 122 70 
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Post-Delivery Survey Sample 
 

 

POST-DELIVERY SURVEY 

 

 
1. Did you print the learning materials in order to complete the online HTML course? 

 YES   NO 

If YES,  

 

 Less than 30% 

 Between 30% and 60% 

  More than 60%  

 

2. Did you use supportive textbooks in addition to the online learning 

materials? 

 YES   NO 

 

3. Rate the system according to: 

 

a) Completeness of learning materials 

 
Lowest 1 2 3 4 5 6 7 8 9 10 Highest  

 

b) Quality of explanations and examples provided 

 
Lowest 1 2 3 4 5 6 7 8 9 10 Highest  

 

c) Usefulness of online help facility 

 
Lowest 1 2 3 4 5 6 7 8 9 10 Highest  

 

d) Network access (speed, downtime, etc.) 

 
Lowest 1 2 3 4 5 6 7 8 9 10 Highest  

 

 

4. How well did the system prepare you for the final examination? 
 

Lowest 1 2 3 4 5 6 7 8 9 10 Highest  

 

 

5. List the best features of the system. 

 

6. List the least favorable features of the system. 

 

7. If a similar online course were available, would you take the online option for your 

next subject? 

 YES    NO 

 

 

 

 

 

Thank you 
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Results of the Post-Delivery Survey Responses  
 

Question One:  Did you print the learning materials in order to complete the 

HTML course? YES   NO 

 If YES, 

 Less than 30% 

 Between 30% and 60%   

 More than 60% 

 

Learner 
RCG  FCG 

NO YES How much?  NO YES How much? 
L1 1    1   

L2  1 >60  1   

L3  1 >60  1   

L4  1 <30  1   

L5 1     1 >60 

L6 1    1   

L7  1 <30   1 >60 

L8 1     1 <30 

L9  1 >60  1   

L10  1 <30  1   

L11 1     1 30-60 

L12 1    1   

L13 1    1   

L14 1    1   

L15  1 <30  1   

TOTAL: 8 7   11 4  

PERCENT: 53% 47%   73% 27%  
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>60%
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Question Two: Did you use supportive materials in addition to the online 

learning materials? 

 

 

Learner 
RCG   FCG 

NO YES   NO YES 
L1 1    1  

L2 1     1 

L3 1     1 

L4 1    1  

L5  1   1  

L6  1   1  

L7 1    1  

L8 1    1  

L9 1    1  

L10 1    1  

L11 1     1 

L12 1    1  

L13  1   1  

L14 1    1  

L15  1   1  

TOTAL: 11 4   12 3 

PERCENT: 73% 27%   80% 20% 
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Question Three 
  

a) Rate the TAL system according to the completeness of learning 

materials. (1[lowest] to 10 [highest]) 

 

L
ea

rn
er

 

RCG  FCG 

1 2 3 4 5 6 7 8 9 10  1 2 3 4 5 6 7 8 9 10 

L1               1                    1     

L2                                          

L3             1                        1   

L4               1                    1     

L5                 1                    1   

L6               1                    1     

L7             1                      1     

L8           1                      1       

L9               1                    1     

L10               1                    1     

L11               1                    1     

L12                 1                    1   

L13                 1                    1   

L14               1                    1     

L15             1                    1       

  0 0 0 0 0 1 3 7 3 0  0 0 0 0 0 0 2 8 4 0 

  0% 0% 0% 0% 0% 7% 20% 47% 20% 0%  0% 0% 0% 0% 0% 0% 13% 53% 27% 0% 

 

 

L
ea

rn
er

 

RCG FCG 

L1 8 8 

L2   

L3 7 9 

L4 8 8 

L5 9 9 

L6 8 8 

L7 7 8 

L8 6 7 

L9 8 8 

L10 8 8 

L11 8 8 

L12 9 9 

L13 9 9 

L14 8 8 

L15 7 7 

Total: 110 114 

Average: 7.857 8.143 

Standard Deviation: 0.864 0.663 
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b)  Rate the TAL system according to the quality of explanations provided. 

(1[lowest] to 10 [highest]) 

 

 

L
ea

rn
er

 

RCG  FCG 

1 2 3 4 5 6 7 8 9 10  1 2 3 4 5 6 7 8 9 10 

L1               1                    1     

L2                                      1   

L3             1                    1       

L4             1                      1     

L5                 1                    1   

L6               1                    1     

L7               1                  1       

L8             1                      1     

L9             1                      1     

L10               1                    1     

L11               1                    1     

L12                 1                    1   

L13                 1                    1   

L14               1                    1     

L15             1                    1       

  0 0 0 0 0 0 5 7 3 0  0 0 0 0 0 0 3 8 4 0 

  0% 0% 0% 0% 0% 0% 33% 47% 20% 0%  0% 0% 0% 0% 0% 0% 20% 53% 27% 0% 
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L
ea

rn
er

 

RCG FCG 

L1 8 8 

L2 0 9 

L3 7 7 

L4 7 8 

L5 9 9 

L6 8 8 

L7 8 7 

L8 7 8 

L9 7 8 

L10 8 8 

L11 8 8 

L12 9 9 

L13 9 9 

L14 8 8 

L15 7 7 

Total: 110 121 

Average: 7.333 8.067 

Standard Deviation: 2.160 0.704 

 

 

 

0

2

4

6

8

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

RCG 0 0 0 0 0 0 5 7 3 0

FCG 0 0 0 0 0 0 3 8 4 0

Number of 
Replies

Rating Level

Question 3:  b) Quality of Explanations  and Examples Provided

RCG

FCG
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c)  Rate the TAL system according to the usefulness of online facility. 

(1[lowest] to 10 [highest]) 

 
L

ea
rn

er
 

RCG  FCG 

1 2 3 4 5 6 7 8 9 10  1 2 3 4 5 6 7 8 9 10 

L1             1                    1       

L2               1                  1       

L3                 1                1       

L4             1                      1     

L5           1                      1       

L6               1                    1     

L7               1                    1     

L8               1                    1     

L9               1                    1     

L10               1                    1     

L11             1                    1       

L12             1                    1       

L13                 1                1       

L14             1                  1         

L15             1                            

  0 0 0 0 0 1 6 6 2 0  0 0 0 0 0 1 7 6 0 0 

  0% 0% 0% 0% 0% 7% 40% 40% 13% 0%  0% 0% 0% 0% 0% 7% 47% 40% 0% 0% 

 

L
ea

rn
er

 

RCG FCG 

L1 7 7 

L2 8 7 

L3 9 7 

L4 7 8 

L5 6 7 

L6 8 8 

L7 8 8 

L8 8 8 

L9 8 8 

L10 8 8 

L11 7 7 

L12 7 7 

L13 9 7 

L14 7 6 

L15 7  

Total: 114 103 

Average: 7.600 7.357 

Standard Deviation: 0.828 0.633 
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d)  Rate the TAL system according to network access (speed, downtime, etc). 

(1[lowest] to 10 [highest]) 

 

L
ea

rn
er

 

RCG  FCG 

1 2 3 4 5 6 7 8 9 10  1 2 3 4 5 6 7 8 9 10 

L1             1                      1     

L2               1                      1   

L3               1                      1   

L4                 1                    1   

L5               1                      1   

L6               1                    1     

L7         1                                

L8               1              1           

L9             1                  1         

L10                 1                  1     

L11           1                        1     

L12                 1                    1   

L13                 1                    1   

L14           1                        1     

L15               1                      1   

  0 0 0 0 1 2 2 6 4 0  0 0 0 0 1 1 0 5 7 0 

  0% 0% 0% 0% 7% 13% 13% 40% 27% 0%  0% 0% 0% 0% 7% 7% 0% 33% 47% 0% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



182 
 

L
ea

rn
er

 

RCG FCG 

L1 7 8 

L2 8 9 

L3 8 9 

L4 9 9 

L5 8 9 

L6 8 8 

L7 5  

L8 8 5 

L9 7 6 

L10 9 8 

L11 6 8 

L12 9 9 

L13 9 9 

L14 6 8 

L15 8 9 

Total: 115 114 

Average: 7.667 8.143 

Standard Deviation: 1.234 1.231 
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Question Four:  How well did the system prepare you for the final 

examination? 1[lowest] to 10 [highest]) 

 
L

ea
rn

er
 RCG  FCG 

1 2 3 4 5 6 7 8 9 10  1 2 3 4 5 6 7 8 9 10 

L1         1                          1     

L2               1                    1     

L3               1                    1     

L4           1                        1     

L5           1                    1         

L6                 1                1       

L7           1                          1   

L8           1                          1   

L9           1                        1     

L10                 1                  1     

L11                 1                    1   

L12                 1                    1   

L13             1                  1         

L14             1                1           

L15               1                      1   

  0 0 0 0 1 5 2 3 4 0  0 0 0 0 1 2 1 6 5 0 

  0% 0% 0% 0% 7% 33% 13% 20% 27% 0%  0% 0% 0% 0% 7% 13% 7% 40% 33% 0% 

 

 

L
ea

rn
er

 

RCG FCG 

L1 5 8 

L2 8 8 

L3 8 8 

L4 6 8 

L5 6 6 

L6 9 7 

L7 6 9 

L8 6 9 

L9 6 8 

L10 9 8 

L11 9 9 

L12 9 9 

L13 7 6 

L14 7 5 

L15 8 9 

Total: 109 117 

Average: 7.267 7.800 

Standard Deviation: 1.387 1.265 
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Question 4:  How Well did the Course Prepare you for the Final Examination?

RCG

FCG

 
 

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

RCG Completeness of learning 
materials 0% 0% 0% 0% 0% 7% 20% 47% 20% 0%

RCG Quality of explanations 
and examples provided 0% 0% 0% 0% 0% 0% 33% 47% 20% 0%

RCG Usefulness of the Help 
facility 0% 0% 0% 0% 0% 7% 40% 40% 13% 0%

RCG Network and Internet 
Access Performance 0% 0% 0% 0% 7% 13% 13% 40% 27% 0%

RCG Preparation for the Final 
Examination 0% 0% 0% 0% 7% 33% 13% 20% 27% 0%
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R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

FCG Completeness of learning 
materials 0% 0% 0% 0% 0% 0% 13% 53% 27% 0%

FCG Quality of explanations and 
examples provided 0% 0% 0% 0% 0% 0% 20% 53% 27% 0%

FCG Usefulness of the Help 
facility 0% 0% 0% 0% 0% 7% 47% 40% 0% 0%

FCG Network and Internet 
Access Performance 0% 0% 0% 0% 7% 7% 0% 33% 47% 0%

FCG Preparation for the Final 
Examination 0% 0% 0% 0% 7% 13% 7% 40% 33% 0%
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Question Five:  List the best features of the TAL system 

 

BEST FEATURES IDENTIFIED RCG FCG Combined 

Anytime anywhere 4 6 10 

Good outline 5 4 9 

Flexibility 5 4 9 

Practice for the exam and good exercises 3 5 8 

Access to everything ahead of time   7 7 

Good for time management (personal time)   5 5 

Quality of explanations 3   3 

Self paced 1 2 3 

Course specific   2 2 

Good to work alone in exercises 2   2 

Readily Available 1   1 

 

Question Six:  List the least favourable features of the TAL system 

 
LEAST FAVORABLE  FEATURES 

IDENTIFIED RCG FCG Combined 

Problem with exercises – needed a teacher 2 3 5 

Lack of human contact 2 1 3 

Downtime (from home) 2   2 

Lack of practice for the final exam 1   1 

No enough time to complete the course 

given 1   1 

Need more teacher/student contact   1 1 

 

Question Seven: If a similar online course were available, would you take the 

online option for your next subject? 

 
Learners RCG FCG 

 Question 7 Question 7 

 YES NO YES NO 
L1 1  1  

L2 1   1 

L3 1   1 

L4 1  1  

L5  1 1  

L6  1 1  

L7 1  1  

L8 1  1  

L9 1  1  

L10 1  1  

L11 1   1 

L12 1  1  

L13  1 1  

L14 1  1  

L15  1 1  

Total: 11 4 12 3 

Percent: 73% 27% 80% 20% 
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Focus Groups Discussion Questions 

 

Meeting One: First Impressions on the TAL system 
 

Meeting Number:  

Date: 

Time:  

Location: 

 

Moderator: 

Researcher 

Number of Participants: 

 

 

1. What was your first impression of the HTML online materials? 

 

In terms of: 

a. Structure 

b. Content 

c. Layout 

d. Topic relevance 

 

Did your opinion changed towards the end of the course? 

 

2. What was your first impression about the units/units and/or sections 

breakdown? 

 

In terms of: 

a. Length 

b. Continuity of content 

c. Examples used 

d. Clarity (or lack of) explanations 

 

Did your opinion changed towards the end of the course? 

 

3. Did you consider that the length of the session was adequate to be completed 

in one single session? 

 

4. At the end of the first session … 

 

a. How much time did you spend on your first ―real‖ session? 

b. Did you take any beaks during the first session? Type of breaks 

c. Were you interested on the material or just had to do it? 

d. Did you complete any whole session? Try out any assessment – 

test/quiz? 

e. Did you maintain the same study pattern throughout the course? 

 

Appendix C 
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Meeting Two: Navigation Patterns 

 

Meeting Number 

Date: 

Time:  

Location: 

 

Moderator: 

Researcher 

Number of Participants: 

 

 

1. What do you think about the system navigation structure? 

In terms of: 

a. Ease of use 

b. Freedom/restrictions 

 

2. Explain your study navigation patterns techniques 

 

a. Did you follow the sequence provided? – Why? 

b. Did you skim/browse? – Why? 

c. What do you think about the sequence provided? 

 

3. Explain your overall system navigation 

 

a. Did you read the learning objectives before starting the unit? - 

Why? 

b. Did you use the support facilities? – Why? 

c. Did you use the feedback facility? – Why? 

 

4. In preparation for your final exam… 

 

a. Did you revise the unit or sections? 

b. Did you re-do the exercises? 

c. Did you re-do the quizzes? 

d. Did you reduce the online tests? 
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Meeting Three: Learner Control 

 

Meeting Number 

Date: 

Time:  

Location: 

 

Moderator: 

Researcher 

Number of Participants: 

 

 

5. What do you think about the system navigation structure? 

In terms of: 

a. Ease of use 

b. Freedom/restrictions 

 

6. Explain your study navigation patterns techniques 

 

7. Explain your overall system navigation 

 

8. In preparation for your final exam… 

 

a. Did you revise the unit or sections? 

b. Did you re-do the exercises? 

c. Did you re-do the quizzes? 

d. Did you reduce the online tests? 

 

 

Meeting Four: System Evaluation 

 

Meeting Number 

Date: 

Time:  

Location: 

 

Moderator: 

Researcher 

Number of Participants: 

 

 

1. What were your expectations of online delivery – before you started this e-

learning course? 

2. Have they changed? 

3. Did you feel the need for face-to-face instruction or consultation? 

4. What are the weaknesses and strengths of this approach? 

5. Do you think that the delivery approach had quality? 

6. Comment on the perceived quality of the learning. 
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