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Abstract 

A multiplatform e-learning system is an e-learning system that can del iver 

learning content to different accessing devices such as PCs, PDAs and mobi le phones. 

The main objective of the research is to formulate a framework for multiplatform e­

learning systems. This thesis focuses on the formu lation, competency and constitution 

of the multiplatform e-learning systems framework and the implementation of a 

multiplatform e-learning system .  In conjunction with the main objective, the research 

also addresses the factors that influence learner satisfaction during their engagement 

with a multiplatform e-Ieaming system. In addition, the research investigates the 

relationships between these factors in influencing learner satisfaction. The research 

also intends to validate the assertion that multiplatform e-learning systems are better 

than non-adaptive e-learning systems. A comparative evaluation between a traditional 

e-Iearning system and a multiplatform e-Iearning system from end user (learner) 

perspective was conducted. The evaluation instrument is based on multiplatform e­

learning system questionnaires (MELQ). A total of forty participants took part in the 

evaluation . Four participants took part in the initial pi lot evaluation while thirty six 

participants took part in the final evaluation . Data analysis and statistical results 

indicate that there are potential gains in learner satisfaction score in multiplatform e­

learning systems over traditional e-learning systems. The results also show that the 

gain is most significant in mobile devices than in desktop PCs. Statistical analysis 

reveals that all the factors that influence the learner satisfaction are significant and 

they have different levels of influence over learner satisfaction. These factors can be 

further organized into primary factors and secondary factors . These findings and the 

methodology of evaluation can play an important role for e-learning systems designer 

to improve the adaptation process and to enhance the level of learner satisfaction in 

multiplatform e-learning systems. 
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Chapter 1 Introduction 

1 . 1  The emergence of multiplatform e-learning systems 

E-leaming systems have now been adopted by most universities. However, even 

recently, virtually the only way to access an e-Ieaming system was through a desktop 

computer in a fixed c lassroom or laboratory type environment. With the advent of the 

I nternet, the e-learning systems have been transformed into web based learning systems 

where content can be accessed beyond the conventional c lassroom and lab boundaries. In  

recent years, there has been a prol iferation of devices capable of accessing the Internet, 

ranging from tablet PCs to mobile devices including telephones, smart phones and 

personal digital assistants (PDA), and even appl iances such as televisions, microwave 

ovens and refrigerators in the home. Most of these devices are capable of accessing e­

learning systems. However, till now, most popular e-learning systems such as B lackboard 

and WebCT are not capable of del ivering appropriate content to this proliferation of 

devices. Conventionally these e-learning systems are designed for personal computer 

usage. With the prol iferation of access devices there is a need for these e-Iearning 

systems to extend their support to and provide appropriate content for these devices. Such 

an e-learning system that supports this multitude of devices is called a multiplatform e­

learning system in this context. In this new context, many aspects differ from the original 

context. Firstly most of the mobile devices such as PDAs and smart phones are designed 

for telecommunication usage. These devices are characterized by a small screen, low 

memory, low power and distinctly different ways of interaction and navigation compared 

to desktop computers. When learners use these devices to access and interact with e­

learning content instead of making a phone call, how do they feel about the interaction? 

If the interaction is not as good as with the PC then what are the relevant factors that need 

to be considered even though the learning content may be identical? Furthermore, in this 

new context even if the access platform is similar to a desktop computer, other aspects 

may sti ll differ from the original context. For instance, in most cases the connection 

bandwidth is l ikely to be lower than a school 's  local network. E-learning systems 

typically do not perform bandwidth estimation to make adjustments to content. The 

content remains the same irrespective of the changing context. In some cases the 

bandwidth might be too low for the del ivery of multimedia content. Is it possible that 

some alternate ways of del ivering content such as offline or plain text delivery could 

make learning more satisfying than waiting endlessly for downloads? How might these 

alternative ways of del ivering content influence learners? For instance, the motivational 



factor of accessing the e-learning systems might be different at school than on the move. 

While on the move, urgency may trigger students to explore the e-learning system. As 

teachers' help is not readi ly avai lable on the move, a lot of self motivation is required. 

Would the present of urgency and absence of teachers' help influence learner 

satisfaction? 

These examples i l lustrate some of the basic issues facing a multiplatform e-learning 

system. A major part of this study is to identify, confirm and explore the factors that 

influence learners when using a multiplatform e-learning system from a user satisfaction 

perspective. F igure 1 . 1  and 1 .2 depict a number of possible scenarios and devices where 

e-learning systems can be used nowadays.  In summary, the focus of thi s  research is the 

formulation, implementation and evaluation of a multiplatform e-learning system 

framework. The knowledge gained from the research wil l  allow designers to develop a 

more satisfying multiplatform e-learning system in the future. 
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1 .2 Research objectives 

A multiplatform e-learning system is an e-learning system that is, at the least, 

capable of adapting content and other aspects such as navigation to different access 

devices. These devices include PCs, PDAs and mobile phones. With this added 

capabil ity, e-leaming systems can extend their usefulness for any time and anywhere to 

any devices. This new channel for accessing e-learning systems is l ikely to increase the 

suitabi l ity of the content for the needs of the learner and possibly improve learning 

satisfaction. It may also provide added competitive advantages for institutions that intend 

to provide innovative delivery approaches. Blackboard and WebCT are the two main e­

learning system providers, capturing 83% of the total market share (ESchool, 2005). At 

the beginning of this study in 2002, they had yet to develop extensions to their systems to 

facil itate mobile access devices. Currently, an unplugged version of Blackboard is 

available for offline PC access and some forms of PDA access. While this may not yet be 

a ful l-fledged multiplatform e-learning system, it provides an indication of the direction 

in which these industry leaders are going. While many attempts have been made to 

develop e- learning systems that can be accessed only through single devices such as 

desktop computers or certain mobile devices, multiplatform e-learning systems have not 

been well researched. With the escalating speed at which new mobile devices are being 

launched and wireless infrastructure is being developed, there is an ever-increasing need 

to acquire an understanding of the characteristics and interactive experiences of 

multiplatform e-learning systems from a learner perspective. Thus in this study the first 

step is to discover which factors constitute a multiplatform e-Iearning systems  

framework. Subsequently, the aim i s  to val idate the usefulness of the proposed 

framework through an implementation of a prototype multiplatform e-learning system 

and finally to explore and validate the degree of relationships among factors that 

influence learners' satisfaction based on an empirical usabi lity evaluation. 

1 .3 Statement of the problems and research questions 

A multiplatform e-learning system is an extension of a typical e-learning system . It 

can be seen as a new era of educational technology innovation which is sti l l  in its 

infancy. The l iterature review suggests that there is l imited research and few established 

frameworks addressing such a system and specifically, on the factors influencing learner 

satisfaction during the process of learner/system interactions. Without an establ ished 

framework, it would be difficult to implement a basel ine multiplatform e-learning system 

4 



and to evaluate its performance with respect to learner satisfaction. Therefore based on an 

extensive l iterature review, systematic research and requirements identification, the 

objective of this research is to first construct a framework that al lows a muitiplatform e­

learning system to be implemented and then use it as a test bed to investigate the factors 

influencing learners' satisfaction during the process of learner/system interaction. As the 

multiplatform e- Iearning system needs to be able to adapt its content and other aspects 

such as navigation to various access devices, one can expect the system to be more 

satisfying for learners than the traditional e-Iearning system. Thus the main research 

question (RQl) in this study focuses on the constitution of a multiplatform framework 

and its immediate goal, which can be summarized as fol lows: 

What factors constitute a multiplatform e-learning system framework that will adapt to 

each learner 's context and improve learner satisfaction? (RQ 1) 

I n  order to improve learner satisfaction, logically one should first understand the 

factors that affect learner satisfaction while using a multiplatform e-Iearning system. 

Once these factors have been identified, they can be categorized and organized into 

various dimensions. These organized dimensions can be uti l ized to address the main 

research question. Thus to provide an answer to the main research question, the following 

research question two (RQ2) should be addressed: 

What are the factors influencing learner satisfaction in a multiplatform e-learning 

system? (RQ2) 

Through identifying the potential influencing factors, one can organize these factors 

to construct a framework for multiplatform e-Iearning systems. Subsequently based on 

the framework multiplatform e-learning systems can be implemented to val idate the 

usefulness of the framework and the factors within the framework. However it is l ikely 

that these factors will not be equal ly influential; some may be perceived as more 

influential than others. One of the benefits of knowing which factors are perceived as 

more influential is to allow system developers to prioritize the adaptation process in the 

design of a multiplatform e-learning system .  Hence this leads to the following sub 

research questions one and two (SQ l & SQ2) with respect to learner/system interaction 

and the relationships among these factors: 
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How significant are the various factors in influencing learner satisfaction with respect to 

the multiplatform e-learning system? (SQI) 

And, 

What are the groupings (relationships) among the factors that influence learner 

satisfaction with respect to the multiplatform e-learning system? (SQ2) 

Final ly, the main research question emphasizes that the multiplatform e- learning 

system should increase learner satisfaction compared to the traditional approach. As in 

many adaptive systems, this objective is important as it provides a specific goal for the 

multiplatform e-Iearning system. The multiplatform e-Iearning system not only provides 

access and adapted content and other aspects to different access devices: it must also 

perform in such a way that the learner can feel a sense of satisfaction whi le interacting 

with it. Thus this issue is addressed through the fol lowing research question three (RQ3): 

Is the multiplatform e-learning system actually achieving its goal of improving learner 

satisfaction? (RQ3) 

I n  summary, this  set of research questions provides an integrated means for 

investigating the characteristics of multiplatform e-Iearning systems and permits 

researchers to explore the factors perceived by learners to be influencing their level of 

satisfaction during the interaction process. 

1 .4 Research methodology 

Determining the phenomena underlying the interaction between users and 

multiplatform e-Iearning systems is one of the objectives in the current research. Using a 

qualitative approach alone might not reveal the true nature of the situation. lackson et al . 

(2003) in their Internet research stressed the importance of gathering both quantitative 

and qual itative data to uncover hidden information. Similarly, Lucas and Spitler (2000) 

pointed out that using a single research approach such as a quantitative method may not 

lead to accurate measurements during the evaluation process. They suggested a 

combination of quantitative methods such as variance analysis and qualitative methods 

such as interviews to gain a better understanding. In order to capture more reliable and 
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accurate data during the evaluation process, a m ixed method combining q ualitative and 

quantitative methods were adopted. The qual itative techniques include written feedback 

and face-to-face interviews while the quantitative approach comprises questionnaires 

given during the usability test. Table 1 . 1  gives an overview of the research methodology 

in this study. 

1 .5 Significance of the study 

One of the main contributions of this research is to draw attention to multiplatform e­

learning systems. This type of systems is currently not common but it can have great 

impact on e-Iearning as learners equipped with mobile devices such as mobile phones 

become more common. Scaffolding on current e-Iearning systems, the multiplatform e­

learning systems provide integrated access and are capable of adapting content to many 

Internet ready devices. This encompasses and in some ways extends mobile learning. 

While many researchers have examined mobi le learning itself, the current research looks 

at more generic and fundamental issues of multiplatform e-Iearning systems. As the 

multiplatform e-learning systems belong to emerging technologies, guidelines and a 

framework are needed to formulate and develop such systems. Therefore, another 

contribution of this study is to devise and formulate a framework that supports the 

development of multiplatform e-learning systems. The framework benefits e-Iearning 

developers and adopters with generic guidelines to systematically capture relevant 

requirements for the construction or acquisition of multiplatform e-learning systems. The 

framework also permits extensions to cater for new technologies, access devices and 

context of use. These guidel ines are likely to lead to successful implementation. Through 

scenario-based usabi l ity experiments and several data analysis techniques such as 

correlation and structure equation model ing, this research is able to identify each factor, 

its relationships with other factors and its level of influence over learner satisfaction .  The 

research also validates the assertion that adaptive systems can provide better learner 

satisfaction than non-adaptive systems in the context of multiplatform e-learning systems. 

Thus another contribution of this study is to devise an evaluation method and instrument 

to measure the relationsh ips and validate the multiplatform e-Iearning systems. These 

findings will benefit developers and institutions intending to develop or acquire 

multiplatform e-learning systems by enabling them to investigate, verify, enhance and 

invest in factors that have significant impact on learner satisfaction. This understanding 

wil l  help institutions and educators to make the right investment decision in the eventual 
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adoption of multiplatform e-learning systems and to a greater extent provide sound 

technology for students to embark on l ifelong learning any time, anywhere and through a 

variety of devices. Such evaluation over a period of time can also help to identify factors 

that are sti l l  not accepted by learners. 

1.6 Thesis organisation 

The organisation of the thesis mainly fol lows the sequence of the research questions. 

Every chapter represents an incremental understanding of the multiplatform e-learning 

systems and represents the progression of the research .  In Chapter 1 the multiplatform e­

learning systems have been introduced. The deficiency of current e-learning systems in 

supporting a proliferation of mobile devices were highl ighted. In particular the discussion 

focussed on situations that are likely to make the learner/system interaction less 

satisfying. Subsequently this chapter gave an overview of the problems and the research 

questions that to be investigated. The main research question focuses on the formulation, 

competency and constitution of the multiplatform e-learning systems framework. In 

conjunction with the main research question, the research also addresses the factors that 

influence learner satisfaction. In addition, the research also intends to discover the 

relationships between these factors in influencing learner satisfaction. The assertion that 

adaptive systems are better than non-adaptive systems is also targeted for investigation . 

Chapter 2 provides a literature review of the works that are relevant to the current 

study. As the multiplatform e-Iearning systems belong to emerging technologies, there 

are very few studies that are directly applicable. However by breaking down each 

component of the research questions one can identify several research areas that are 

helpful and useful in the formulation and implementation of multiplatform e-learning 

systems. Thus the review covers multidisciplinary areas wh ich include existing e-Iearning 

frameworks and architecture, various content adaptation techn iques, various device 

detection and identification techn iques, state of the art mobile learning research, and 

W3C device independent access (OIA) recommendations. 

In chapter 3, the focus is on the formulation of the framework for multiplatform e­

learning systems. The formulation of the framework is derived from an extensive 

l iterature review. Because of the nature of the system and its problems, the l iterature 

review covered multidisciplinary areas. These include e-Iearning systems framework and 

e-Iearning architecture, content adaptation techniques in the general Web domain, device 

identification techniques, mobile learning systems, context awareness systems, the 
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resource descriptive framework (RDF), Composite Capabi l itieslPreference Profiles 

(CC/PP), UAProf, MIDF-Mobile information device profile, W3C device independent 

access, information systems architecture theory, agent-oriented systems, ITS systems, 

and Web service coordination theory. Based on this review, a multiplatform e-learning 

systems framework is proposed that provides guiding principles and a mechanism for 

understanding the underlying research issues. Further development of a multiplatform e­

learning system eventually provides a test bed for evaluation. 

In chapter 4, the implementation of a multiplatform e-learning prototype system wil l  

b e  discussed. The development o f  the prototype system is based on the framework 

described in chapter 3 .  The framework provides adequate competencies and requirement 

guidelines to build a prototype system. The development of the prototype system aims to 

validate the usefulness of the framework and to demonstrate that the framework is 

workable. The prototype provides a means by which the designer can attempt to val idate 

requirements. To construct the prototype system, a conceptual mapping between the 

framework and the system architecture was performed. This step involves developing 

various components of the multip latform e-learning system with different functionalities. 

Through this mapping, one can identify how the components relate to each other from 

framework to architecture. By mapping the relationships of the system components to the 

required objectives, the risk of missing functionalities or creating redundant 

functionalities in the system can be minimised. Chapter 4 also considers issues related to 

content and quality . F inally chapter 4 discusses relevant technologies such as XML, 

XSL T, DOM, F lash technologies, mobile device technologies, bandwidth estimation, off­

l ine learning techniques, learning with interactive multimedia design, and usability 

pertaining to the implementation. In summary this chapter addresses and clarifies various 

issues arising from mapping the framework to the system architecture. 

Chapter 5A presents the usability evaluation methodology of the multiplatform e­

learning system. The aim is to measure the significance of the factors influencing learner 

satisfaction. It also intends to answer the research sub-questions by identifying the 

interrelationships and groupings among the factors that influence learner satisfaction. 

This part of the evaluation involves both qual itative and quantitative data col lection 

through interviews, observations, and questionnaires after a series of usability 

experiments. This is the phase in which the functionalities of the system are verified and 

it also provides the means to answer the research sub-questions. Chapter 5B continues 

with a thorough data analysis. The data analysis approaches are selected through a review 
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of descriptive statistics, correlation analysis, ANOV A, and structure equation model l ing. 

Data analysis involves descriptive statistics to provide an overview of learner satisfaction 

scores. ANOV A tests are used to determine the effectiveness of adaptive systems 

compared to non-adaptive systems. To reveal the interrelationships among factors 

correlation analysis and structure equation model ing techniques are used. Each method 

provides different insight into the relationsh ip. The outcome of the data analysis is useful 

for future developments and enhancements of multiplatform e-Iearning systems. 

Limitations of the evaluation and fundamental framework are also addressed for future 

improvement. 

Chapter 6 provides a discussion on implications and l imitations of the research. 

Finally Chapter 7 concludes the research by summarizing the findings. This chapter also 

provides a direction for future studies in this area. 

The appendixes include the ethics approval forms, the usabil ity test procedures for 

participants, the Multiplatform E-Iearning System Questionnaires (MELQ) and scripts 

examples. A l ist of publications which includes international conference presentations, 

workshops and international journal articles generated from this research is also 

provided. 
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Table 1 . 1  Research Overview 

Research Methodology 

Research Formulation Implementation Evaluation Data 

Questions of Framework Based on Framework Based on Framework Analysis 

Multiplatform e-Iearning Grounded by literature review Supported by literature review Supported by literature review Based on: 

systems framework: on: on: on: • Descriptive Statistics 

• Formulation of framework? • Content adaptation • W3C • Evaluating adaptive • Correlation Analysis 

• Factors influencing learner • Device identification • XML systems • ANOVA 

satisfaction in • E-Iearning framework • XSLT • Usability • Structure equation 

multiplatform environment? • Mobile learning system • DaM • Mobile usability modeIing 

• Adaptive system works? • Context awareness system • Flash • Evaluating e-Iearning 

• Relationships between • RDF • Server page systems 

factors? • CC/PP IUAProf • Bandwidth estimation • HCI 

• Grouping of factors? • W3C accessibility • Off-line learning • QUIS 
• MlDF-Mobile information • Learning with interactive • Scenario based evaluation 

device profile multimedia • Emotion stimulation 

• IS theory in information • Usability • Multitasking environment 

system architecture 

• Device Independent Access 
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Chapter 2 Literature review 

2.1 Review of e-learning frameworks 

In order to answer the main research question concerning the constitution of a 

multiplatform e-Iearning framework, it is important to understand the terms 

' framework' and 'architecture' which are commonly found in the e-Iearning domain. 

These terms are used by different communities in different ways and they typically 

carry different meanings. Often they describe a high-level overview of the range of 

functions, concepts, theories or services of an e-Iearning system. The term 

' framework' in general is used more often from a social science perspective and is 

normally theoretical in nature. The term 'architecture' is commonly used from a 

computer science perspective and is normally technical in nature. These two 

perspectives are not mutually exclusive: they are interdependent because technical 

capabil ities determine the possible implementation of the theoretical framework. In 

this regard, the proposed multiplatform e- Iearning system framework wil l  take these 

perspectives into consideration. 

In general, the purpose of an e-Iearning framework is to understand the concept 

of a system, its components, and its interactions within itself and to external systems 

and users CL TSA, 200 I ) . This is precisely what the multiplatform e-Iearning system 

framework is intended to achieve, by providing an implementation guidel ine to 

faci litate understanding of its relationships. A framework would normal ly not address 

specific details of implementation technologies such as the platform, programming 

languages, protocols, authoring tools, or operating systems necessary to implement 

the e-Iearning system CL TSA, 200 1 ). Nor should the management systems such as 

learning content lifecycle management, qual ity and auditing assurance, access and 

security control, or user administration necessary to manage an e-Iearning system be 

specified in a framework CL TSA, 200 1 ). An e-Iearning framework generally 

facil itates and provides conceptual design guidelines, principles, objectives and goals 

for the e-Iearning system under consideration CLTSA, 200 1 ). Simi larly, in the 

multiplatform e-Iearning system framework (please refer chapter 3) there are no 

restrictions on the implementation technologies; rather it focuses on faci l itating design 

guidel ines, competency principles and the objective of achieving better learner 

satisfaction. The logical first step is to look at various e-Iearning frameworks and 

architectures and examine how they could possibly aid in identifying the e lements that 

constitute the multiplatform e-Iearning system framework. By examining both 
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perspectives and identifying relevant contributing factors, a better foundation for the 

multiplatform e-Iearning systems framework can be bui lt. 

2. 1 . 1  Learning technology systems architecture 

One of the most comprehensive e-Iearning system architectures is the IEEE 

Learning Technology Systems Architecture (LTSA, 200 1 ). L TSA aims to be neutral 

in terms of pedagogy, content, culture, and platform. While some of these objectives 

are similar to the multiplatform e-Iearning system framework, other design issues may 

not. For example, del ivery of multimedia across networks of varying capabil ities and 

presenting multimedia on devices with varying capabil ities are the main concerns of 

the multiplatform e-Ieaming system framework; these are not the main focus of L TSA 

(L TSA, 200 1 ). 

The L TSA prescribes processes, storage areas, and information flows for an e­

learning system (O'Droma, Ganchev, and McDonnell, 2003 ; LTSA, 200 1 ) . Figure 2 . 1  

(layer 3 )  shows the relationships between these elements. The solid arrows represent 

data flows while the dashed arrows represent control flows. The overall  operation is 

as follows: Learning Preferences, including the learning styles, strategies, and 

methods are initially passed from the learner entity to the Coach process. The Coach 

reviews the set of incoming information, such as performance history, future 

objectives and searches Learning Resources, via Query, for appropriate learning 

content. The Coach extracts Locators for the content from the Catalog Info and passes 

them to Delivery, which uses them to retrieve the content for delivery to the learner as 

multimedia. Multimedia represents learning content, to which the learner exhibits a 

certain behaviour; this behaviour is evaluated and results in an Assessment andlor 

Learner Information such as performance. Learner Information is stored in Learner 

Records and Interaction Context provides the context used to interpret the learner 's  

behaviour. I t  is c lear that the L TSA structure and flow depict the common operations 

of an e-learning system. The Learning Preferences represent the learner m odel well i n  

most systems. The Coach can be  treated as  a decision engine to determine and 

coordinate the appropriate content based on the Learner model .  In the multiplatform 

e-learning system framework, emphasis is placed on the delivery of content and 

transformation of content which conveys simi lar meanings and organises appropriate 

structure when it is del ivered to the learner through different accessing devices in  

different environments .  I t  i s  the learner' s overal l  satisfaction through interacting with 
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the multiplatform e-learning system compounded by the use of different accessing 

devices such as mobile phones and PDAs that is of primary concern in the current 

research. The L TSA architecture recognises the importance of interactions between 

the learner and their environment. Thus there is a specific layer in the L TSA 

architecture concerned with the acquisition, transfer, exchange, formulation, 

discovery, etc. of knowledge and/or information by the learner through interaction 

with the environment. To some extent, a multiplatform e-learning system needs to 

perform such activities and this is reflected in the communication d imension of the 

framework. More significantly, to be able to apply this information effectively there i s  

a need to know at a fundamental level how these elements of information influence 

learners. 

Laye r 1 

.. ,Layer 2 
· 
· 
· 
· 
· ; Layer 3 • • 
• • 
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Figure 2.1 LTSA framework (LTSA, 2001)  

2.1 .2 JISC e-learning framework 

The LTSA can be considered as an example of component based architecture. For 

example, layer 3 of the architecture describes the operational flows between each 

component within the system. Unlike L TSA, the Joint Information Systems 

Committee (J ISC) e-Learning Framework (JISC-ELF, 2004) focuses on a service­

oriented approach. J ISC treats each element as a core service required to support e­

learning applications, portals and other user agents. By doing so, the JISC e- learning 
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framework is technically inclined towards current network technology such as web 

services or a Representational State Transfer (REST) style HTTP protocol. This 

approach means that there is a strong demand to coordinate different applications 

from different sources within institutions and to regional federations. In the 

multiplatform e-Iearning system framework such activity is represented by the 

coordination dimension which focuses on coordination within the framework. 

However, if common services, data models, and protocols can be defined, then the 

multiplatform e-Iearning system framework could possibly coordinate services 

externally as wel l .  The issue of primary concern in the current research is not so much 

how to coordinate several services but the eventual form, structure and speed by 

which the content can be del ivered to various devices. One issue pertaining to the 

JISC e-Iearning framework is the user agent' s layer. By involving several user agents, 

it is likely to create more communication overheads before the content is delivered. 

Thus while a service oriented approach may exhibit several advantages these may not 

be necessary in the implementation. Another impl ication of the service oriented 

framework is the format of the underlying content. By adopting web serv ices, the 

content can rely on XML structure and using XSL T to transform services from server 

or cl ient to adapt content and structure. This transformation approach is adopted in the 

multiplatform e-Iearning system implementation.  The JISC e- Iearning framework 

enables the development of modular and flexible systems, where the individual 

components can be added or replaced more easily than in traditional models. This 

approach helps in a multiplatform e-learning system as some components may not be 

suitable or available in a mobile context. The appl ication services layer states that it 

provides functionality required by the user agent; however the exact process is not 

c lear in the JISC e-Iearning framework documentation. In the situation of 

multiplatform access, there are no specific indications and discussion within the 

documentation. It is l ikely that this aspect is stil l  developing and that for certain 

mobile device using web serv ices API is necessary. In summary, the JISC e-Iearning 

framework provides a state-of-the-art service oriented approach. It provides some 

ideas and possible options for implementing the multiplatform e-Iearning prototypes 

system. However there is also a need to consider multiplatform access and devise a 

framework that can include measurement of learner satisfaction. 
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2.1 .3 IMS abstract framework 

Similar to the J ISC e-Iearning framework, the I nstructional Management System 

Abstract Framework (lMS-AF, 2003) is another service oriented framework. IMS-AF 

describes the context relevant to  the IMS e-learning technology specifications. These 

specifications provide only a guidel ine for implementing e-learning systems with a 

traditional campus-based e-learning system in mind (Mobi learn, 2005). Several 

service layers have been identified. These include an application layer, application 

service layer, common service layer, infrastructure layer and service access points. 

These layers and their functions are very similar to the J ISC e-learning framework. 

The emphasis of the IMS-AF framework is on the interface issues among these 

layers. For multiplatform e-learning system to take advantage of this framework one 

possible option is to provide an extension that conforms to the interoperabi l ity 

specifications suggested by the Open Mobile Abstract Framework (OMAF) 

(Mobilearn, 2005). Even with the service extension, there are stil l  basic issues of 

mobile usabi lity, content structure, content adaptation, and different ways of del ivery 

that affect the learner but which are not wel l  reflected in the framework. 

2 . 1 .4 Learner-centred e-Iearning framework 

So far the discussions on e-learning frameworks were more technical ly oriented, 

but e-learning frameworks can also be more theoretical .  Theoretical e-learning 

frameworks are mostly motivated by the pedagogical issues of learners. While no 

specific accessing platform is involved in the theoretical e-learning framework it is 

l ikely that the focus is on traditional e-Iearning systems with PC access in mind. The 

key motivation of a theoretical e-learning framework is how to design educational 

systems where technology is in service to values and supports d iverse learners and 

learning contexts (McCombs and Vaki li, 2005, p. 1 583) with the support of sound 

pedagogical theory. For example, B onk and Cunningham ( 1 998) emphasise the need 

to re-examine learner-centred principles, constructivism, and socio-cultural theories 

and to apply them to the e-Iearning system. Unlike traditional e-learning systems, in a 

multiplatform e-learning system the learning context can vary substantially from static 

to h ighly mobile and multi-tasking situations. Therefore by matching those theoretical 

motivations with the technical capabilities of an e-learning system, a multiplatform e­

learning system framework can extract the best factor to fit the s ituation. In doing so it 

is more likely to improve learner satisfaction. One such theoretical e-Iearning 
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framework is the learner-centred e-learning framework suggested by the American 

Psychological Association (AP A, 1 997). One crucial aspect of this framework is that 

it is based on research-val idated Learner-Centred Psychological Principles. There are 

four pil lars and fourteen principles that support the learner-centred framework for e­

learning. The four main pillars relevant to learning are meta-cognitive and cognitive, 

affective and motivational, developmental and social, and individual differences 

factors. Some of these principles support the concerns of the current research. For 

instance, the individual differences factor recognises that learners have different 

capabi l ities, preferences and control, and these are captured in the learner dimension 

of the multiplatform e-Iearning systems framework. For example, principle 6 states 

that learning is influenced by environmental factors including culture, technology and 

instructional practices. In the current research, emphasis is also placed on how the 

influence of environmental factors such as noisy or distracting environments affect 

learner satisfaction. Principle 7 stresses the importance of motivation . It states that 

what and how much is learned is influenced by the learner' s motivation . Motivation to 

learn, in turn, is influenced by the individual' s  emotional states, beliefs, interests and 

goals, and habits of thinking. With respect to the current research, knowing how 

motivation affects learner satisfaction while using mobile devices and in urgent 

situations can help in the design of multiplatform e-Iearning systems. In  principle 8, 

the learner's  creativity, h igher order thinking, and natural curiosity all contribute to 

motivation to learn. I ntrinsic motivation is stimulated by tasks of optimal novelty and 

difficulty, which are relevant to personal interests, and provide opportunities for 

personal choice and control .  There is a need to evaluate how different ways of 

del ivery involving tasks required for offline viewing affect learner satisfaction in the 

context of a multiplatform e-Iearning system .  Thus with the inclusion of a learner­

centred e-Iearning framework that couples a focus on individual learners' experiences, 

perspectives, backgrounds, talents, interests, capacities, and needs (McCombs and 

Vakil i, 2005) it is possible for the multiplatform e-Iearning system framework to 

provide the right levels of motivation, learning, and satisfaction in the right 

conditions. 
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2.1 .5 The motivational framework for web-based instruction 

So far the learner-centred e-Iearning framework draws the attention to several 

factors relevant to learning such as meta-cognitive and cognitive, affective and 

motivational, developmental and social, and indiv idual differences factors. The aim of 

the learner-centred e-Iearning framework is to enhance e-Iearning through careful 

consideration of these factors in its design. To some extent the multiplatform e­

learning system framework incorporates these factors. One key factor that appears 

repeatedly is the motivational factor. Traditionally, motivation is one of the most 

neglected aspects of the learning and design processes when appl ied to instructional 

design (Duchastel ,  1 997). However, with the aid of web-based learning this can be 

overcome.  Web based learning can offer true multimedia richness, so motivation 

factors can be addressed through the development of web based learning or e- learning 

systems (Duchastel, 1 997). The concerns in the multiplatform e-learn ing system is 

that true multimedia richness may not present equal ly well across all accessing 

devices. In the absence of rich multimedia, will the motivation factors be affected and 

subsequently influence learner satisfaction? The evaluation process (please refer 

chapter 5) aims to reveal this relationship. The motivational framework (Duchastel, 

1 997) provides several theories to support the inc lusion of motivational factors in 

design. These factors can be helpful in the evaluation process as wel l .  These theories 

include Kel ler' s ( 1 983) attention, relevance, confidence, and satisfaction (ARCS) 

motivational model, Malone's ( 1 98 1 )  challenge, fantasy, and curiosity (CFC) 

motivational model, Wlodkowski's ( 1 999) interactive and delivery (ID) motivational 

m odel and the Effin factor to measure the relationship of effort to interest (Duchastel 

1 996). The presence of any Effin factor can be authenticated through face-to-face 

interviews and the written feedback process. Other motivational factors-for example, 

confidence, satisfaction, interaction and del ivery-are included in the multiplatform 

e-learning system framework and deployed in the evaluation instrument. 

2.1 .6 Diversity framework for web based learning 

One of the reasons several e-learning frameworks were investigated is to identify 

similarities and differences among them and to identify factors that are relevant to the 

multiplatform e-learning systems framework. The previous two theoretical e-learning 

frameworks derived mostly from the education domain. They both share certain 

common factors, e.g. motivation. However, theories outside the education field can 
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also contribute to understanding of the learner and e-learning system interaction 

behaviours. The diversity framework for web based learning (Huerta et aI . ,  2003) is 

one such framework. First the diversity framework postulates that media richness 

theory and social influencing models affect media communication choice in web 

based learning. The media richness model (Daft and Lengel, 1 986) postulates that 

people rationally select a specific medium based on the medium's  intrinsic richness. 

Media richness depends on the speed of feedback, the variety of communication 

channels employed, how personal the source is and the richness of the language used 

(Huerta et aI . ,  2003). If medium choice is treated as synonymous with accessing 

devices and media richness as analogous to quality factors then the impl ication for a 

multiplatform e-learning system is that the learner may have a specific choice of 

accessing device but as media richness changes the specific medium choice would 

vary. If the choice is not provided for or is provided but not adequate then learner is 

l ikely to feel dissatisfied. If that is the case then an adaptation process may modify 

media richness and their choice and possibly improve their learning satisfaction. The 

factors that affect media richness may well be the factors that affect learner 

satisfaction. But which factors have more profound effect on the learner? Few 

researchers have addressed this issue, especially in a multiplatform e-learning domain. 

This research therefore is timely and necessary. Looking at the factors that affect 

media richness, there is certainly a simi larity to the factors within the learner 

dimension and the communication dimension. Besides the media richness model, the 

diversity e-learning framework also includes the social influencing model (Fulk and 

Boyd, 1 99 1 ), social factors and rational factors model (Webster and Trevino, 1 995) 

and media style and preference (Rice and Case, 1 983). All these models and theories 

point to the fact that there m ight not be a single way to deliver content which wil l  

satisfy al l  learners. In  this regard the benefits of a multiplatform e-learning system 

might be able to mitigate the conflict by providing multi-channel access with various 

levels of media richness. 

Secondly, the diversity e-learning framework links to the theory of knowledge 

reuse (Markus, 200 1 )  which emphasises that the purpose of knowledge management 

is to reuse the knowledge created with in the organisation. This perspective is simi lar 

to the commonly argued benefits of reusing learning objects (LO) in most learning 

systems. One difficulty with reuse is that the difference between knowledge producer 

(teacher) and re-user ( learner) is the knowledge distance ( level of difficulty), which 
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can be considerable. This is a rather common issue. I n  the multiplatform e-Iearning 

system framework, the function of the coordination dimension is to match the 

appropriate knowledge distance to the student. The knowledge distance is kept in the 

learner dimension. 

Final ly, the diversity e-Iearning framework proposed the use of an information 

structure framework (ISF) (Koniger and Janowitz, 1 995) to serve as a tool to evaluate 

information and avoid information overload for the student. This aspect is of 

minimum concern to the multiplatform e-Iearning system as the content and structure 

are bounded in the current implementat ion. The ISF suggests a four dimensional 

information profile to help in evaluating information. The four dimensions are 

selection, time, hierarchy, and sequence. In the multiplatform e-Iearning system 

framework, the selection and sequencing are governed by the coordination d imension. 

The hierarchy is conceived in the content dimension. 

2. 1 .7 Summary of e-learning frameworks 

The l iterature review identified several technical and theory oriented conceptual 

e-Iearning frameworks. The technically oriented frameworks reviewed in this section 

include the L TSA framework, the J ISC e-Iearning framework, and the IMS abstract 

framework. The review discussed the common aspects among the technical 

frameworks. While there are many other abstract frameworks such as the Sakai 

(Sakai, 2005) framework and OKI (OKI, 2006) framework, it is not necessary to 

examine al l  of them. It is apparent that these technical frameworks are strongly 

focused on the services and functions of the e-Iearning system. A layer and object 

oriented approach seems to be the current trend. It is no surprise that this is the current 

trend in programming, system architecture and internet technology. These technical 

frameworks are normally platform, pedagogy, culture and operating system 

independent. In this aspect the multiplatform e-Iearning system is no different. 

However it is l ikely that these technical frameworks are strongly dependent on the 

theoretical framework they are built upon. The mapping between the theoretical 

frameworks upon the technical framework is l ikely to be challenging. 

The theoretical frameworks included the learner-centred framework, the 

motivational framework, and the diversity framework. These theoretical frameworks 

stress the importance of pedagogical theory to support the foundation of an e-Iearning 

system. These frameworks also emphasise that learner characteristics and capabi l ities 
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such as learning styles, knowledge distance, confidence, motivation and social factors 

wil l  influence the development of the e-Iearning content. There is thus a need for 

matching learner characteristics within an e-Iearning system. The multiplatform e­

learning system framework shares most of the concerns which led to the development 

of some of these factors within each dimension. The main core of the theoretical 

framework is to realise the motivation needs of learners, their different strengths and 

weaknesses and to systematical ly create a relevant pedagogy based e-Iearning system 

that allows adapting and matching of learners' needs. Besides, for the e-Iearning to be 

successful, continued efforts are required in system evaluation and managerial support 

to ensure it is effective and enduring. To support this underlying principle, the current 

research provides a methodology for learner system interaction evaluation. 

2.2 Review of content adaptation 

One of the main issues for a multiplatform e-Iearning system is the requirement to 

provide meaningful access to an increasing number of  accessing devices. Current 

web-based systems, including e-Iearning systems, use server-side designs that are 

oriented towards clients w ith standard screens and standard HTML browsers. These 

designs are unl ikely to be acceptable for personal mobile devices such as mobile 

phones or PDAs. In order to provide meaningful access, the content, structure and 

navigation must be able to adapt to a multiplatform e-Iearning system. Thus a 

multiplatform e-Iearning system needs adaptivity, i.e., the abi l ity of a system to adapt 

itself to different cl ient needs. For the case of a multiplatform e-Iearning system this 

includes the abi lity to cope with bandwidth, memory and power l im itations, restricted 

presentation capabi l ities and different user profiles. A review of content adaptation 

techniques is essential to understand and appreciate how different techniques can be 

helpful in the multiplatform e-Iearning system implementation process. It should be 

noted that some of these techniques, because of their assumptions, may not always be 

suitable for the current implementation. 

To begin with, the Adaptive Web Content Del ivery CA WCD) framework (Chen et 

al . ,  2000; Ma et al. ,  2000) provides a useful overview of the problems that have to be 

addressed in adaptive systems. F irstly, the system must be able to detect the 

parameters needed for adaptivity. This i nc ludes the automatic measurement of 

network bandwidth and load and the registration of used end-devices and user 
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preferences. The easiest approach to the latter is to use web forms. More sophisticated 

inference mechanisms can be based on user behaviour patterns . .  And secondly, the 

system must provide a decision engine for determining when and how to adapt 

content. The first issue adopted in the multiplatform e-learning system uti l i sed XML 

document string for each factor. The advantage of using XML string is the ability to 

provide simple exchange mechanisms with other modules and the potential to 

transform into other developing standards if necessary. The second issue i s  included 

in the coordination dimension of the multiplatform e-learning systems framework. 

In general, there are two different classes of approaches to content adaptation as 

illustrated in Figure 2 .2 (a) and (b). 

a d a  pt io n 

g e n e ra tio n 

( a )  ( b )  

g e n e ratio n 

Figure 2.2 Two approaches to content adaptation 

The first c lass of approaches deals with the problem on the level of pages, i .e .  it is 

assumed that the web-based service is fully implemented by web pages that can be 

displayed by a standard browser on a standard computer display .  Then adaptation has 

to take HTML as the format of its input. In the UW A framework (Finkelstein et aI . ,  

2002; Kappel et aI . ,  2002; UW A, 2002) the adaptation can be expressed by event­

condition-action rules. This approach assumes that a design has already been made in 

the PC environment and the adaptation is  to transform the PC web page into another 

device environment. This assumption is not necessarily true in the multiplatform e­

learning systems development. It is not necessary to assume PC web pages as a 

starting point but it is important to recognise that many existing e-learning systems  

do. Therefore some of the disadvantages of the page level adaptation approach may 

not be appl icable in the multiplatform e-learning system as envisaged. 

The second class of approaches handles the problem on a conceptual level, i.e. it 

assumes to start with a generic abstract description of the service 's  content, from 

which the actual web pages could be generated. Adaptation now takes the abstract 

description as its input and derives another abstract description. The pages generated 
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out of this modified specification can be more suitable for specific cl ients, in 

particular mobile cl ients. This approach may not allow other factors such as 

preferences and interactivity to be optimally incorporated into the cost function 

(Tretiakov and Kinshuk, 2004) which may affect the multiplatform e-leaming system 

implementation. 

For content adaptation on the level of pages, the most prominent approaches are 

re-authoring (Bickmore and Shilit, 1 997) and transcoding (Bharadvaj, Joshi ,  and 

Auephanwiriyakul ,  1 998; Hori et aI . ,  2000; Smith et ai., 1 999) . Reauthoring appl ies 

functions to web page descriptions, which will result in new descriptions that are 

better suited for various kinds of c lients. Transcoding aims at direct manipulation of 

the HTTP stream. Based on these techniques several commercial products and system 

prototypes have been implemented such as Digestor (Bickmore et aI . ,  1 997), Spyglass 

(Spyglass, 1 999), Intel QuickWeb (Intel, 1 998), Mobiware (Angin et aI., 1 998), 

TranSend (Fox et ai ., 1 998a), WingMan (Fox et aI., 1 998b), and Power Browser 

(Buyukkokten, et aI., 2000). 

Adaptivity on the level of page descriptions can be achieved more easily if data 

content, navigation l inks and presentation are separated from each other, e.g. ,  by using 

XML, XLink and XSL (Goldfarb and Prescod, 1 998). In a multiplatform e-leaming 

system experience suggests that content, navigation, presentation and logic should be 

separated from each other. Also, the work of Chen et al. (200 1 )  presents an interesting 

approach to detecting objects in pages and their categories using a functional object 

model. Adaptation rules are then applied to these objects. These page-based 

techniques for content adaptation wil l  be reviewed in more detail .  

Besides page-based techn iques, newer techn iques focus on paying attention to 

content adaptivity on the conceptual level . The apparent difference between the two 

classes of approaches is that for page-level adaptivity the adaptation rules will become 

part of the web-based service, whereas adaptivity on a conceptual level must provide 

generic rules for adaptivity. Appl ication-dependent adaptivity may be easier to 

achieve, but it is expensive with respect to development and maintenance. Therefore, 

content adaptivity wil l  also be reviewed on the conceptual level. 

2.2. 1 Page-level content adaptation techniques 

Among the various publ ished techniques for content adaptation, re-authoring 

(Bickmore and Shi l it, 1997), transcoding (Bharadvaj,  Joshi and Auephanwiriyakul , 
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1 998; Hori et a I . , 2000; Smith et aI . ,  1 999) and the functional-based object model 

(FOM) (Chen et aI., 200 1 )  are the most relevant examples. They are reviewed below. 

2.2. 1 . 1  Re-authoring 

The idea of re-authoring is to apply functions to web page descriptions, which 

will result in new descriptions that are better suited for various kinds of c lients. As 

web pages usually present a mixture of content, navigation and presentation, it is 

desirable to first split pages into these components. In a second step, adaptation 

functions can be applied to the isolated components. These functions may be designed 

particularly for mobile clients . The third step consists of re-integrating the 

components into a new web page description . 

Initial ly, the approach was designed as guidance for manual construction of 

alternative descriptions of pages. Of course, content adaptation aims at algorithms 

rather than guidel ines for manual redesign, but the guidelines are nevertheless useful 

for designing such algorithms. On the basis of HTML pages it is very difficult, if not 

impossible, to provide algorithms for the first step. Therefore, it is advantageous if 

page descriptions exist in the form of XML documents. In the multiplatform e­

learning system implementation XML documents were adopted as the starting point. 

This approach is motivated by a better chance of success in transformation and 

extensibility, if needed. An XML document provides the description of content, 

whereas navigation and presentation are separately described by XLink and XSL, 

respectively. The content adaptation functions can change or  remove elements in the 

XML document. These techniques are known as transformation and e l ision (Bickmore 

and Shi l it, 1 997). The fol low-on navigation adaptation functions would reduce the 

links to those needed for the new content. F inally, applying XSL would result in a 

new presentation. While this technique sounds appropriate, it does not explain how 

interactivity and parameter transfer can be achieved in a dynamic page. 

The Digestor system (Bickmore and Shil it, 1 997) used a proxy-based heuristic 

approach for automated re-authoring. In this particular system the techn ique included 

outl ining, first sentence el ision, image scaling, and building an abstract syntax tree. 

The authors reported that the method worked wel l  for small screen mobile devices. 

The main argument against the re-authoring technique is that it is non-generic. 

Even if XML is used, transformation and elision functions have to be written 

separately for each site and each new end-device. This shortcoming can be overcome 
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by organising devices with respect to their capabi l ities rather than treating them as 

different devices. In the multiplatform e-learning system, the framework is thus built 

upon devices' capabi l ities rather than device type. This approach also does not 

mention how to handle multimedia objects such as flash. 

2.2. 1 .2 Transcoding 

Transcoding aims at direct manipulation of the HTTP stream. Modifying the 

HTTP streams and changing their content in situ is called active transcoding and is 

done dynamically without user intervention. Transcoding can be done on both 

upstream and downstream HTTP strings. One implementation of this technique is the 

MOWSER (Mobi le Browser) system (Bharadvaj, Joshi and Auephanwiriyakul, 1 998), 

an Apache proxy server agent written in Perl, in which the proxy modifies the 

incoming HTTP stream. For the modification itself transcoding rules are used, which 

are kept separate from the HTML pages. These rules take into account the user 

preferences (Bharadvaj, Joshi and Auephanwiriyakul, 1 998) and annotations (Hori et 

al., 2000). 

In the MOWSER system user preferences and cl ient capabilities are stored on the 

server. The modification and update of preferences is done via a COl form at the 

website maintained by the proxy. The proxy then fetches files with the most suitable 

format for the mobile cl ient. The system assumes that different formats are available 

for content adaptation. This is not an issue, as different formats can be created as 

needed and cached in the server for future requests. Transcoding of images and video 

is done using scal ing, sub-sampling or sub-key frames. The transcoding of HTML 

pages is done by eliminating unsupported tags according to the stored user 

preferences. However, a l im itation of the MOWSER system is that it does not affect 

navigation which may affect user satisfaction while interacting with mobi le clients. 

The MOWSER system provides the options of pre-scaling and storing image objects, 

but not for flash. 

Annotation is a way of providing hints for a transcoding engine to make better 

decisions in content adaptation (Hori et aI . ,  2000). Basically, this method uses some 

predefined descriptors to define the transcod ing rules. Descriptors should be stored 

separately from the HTML files. Annotation plays the role of a mediating 

representation, which provides semantics to be shared between meta-content authors 

and a content adaptation engine. A potential advantage of an annotation-based 
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transcoding approach is the possib i lity of content adaptation based on semantics that 

cannot be achieved by approaches based on web page syntax. 

The principles discussed for re-authoring also apply to the annotation-based 

transcoding, i .e., decomposition (isolation), partial replacement of content (distil lation 

or e lision), and combination (re-mapping). The implementation reported by Hori et al . 

(2000) uses the RDF framework for implementing the annotation descriptors and 

XpathlXpointer for associating an external description with a portion of an existing 

document. Thus, the benefits resulting from using XML-related technologies have 

already been realised. The annotation uses a predefined vocabulary comprising 

alternatives, splitting hints and selection criteria. Thus to implement this approach 

there is a need to predefine a set of vocabulary or use existing proprietary vocabulary 

that may result in l imited extensibility. 

Annotation-based transcoding has proven to be useful for mobile systems which 

are task-oriented such as mobile assessment, mobile quizzes or mobile forms. The 

issue with annotation-based transcoding, however, is that it is application-specific, 

whereas customisation using a mark-up language is very l imited. It is also difficult to 

generalise the approach, so it is unlikely to be suitable for interactivity and navigation 

logic. Moreover, an annotation-based method is likely to be labour intensive. 

Therefore it is not incorporated into the multiplatform e-Ieaming framework. 

2.2 .1 .3 The functional-based object model (FOM) 

The FOM approach (Chen et aI., 200 1 )  detects objects in pages and generates 

their categories before applying adaptation rules to them. This approach is an attempt 

to describe the intentions behind pages and to shift content adaptation to a semantic 

level .  Nevertheless, the approach remains on the level of page descriptions rather than 

switching to a conceptual abstraction. 

The rationale is that every object in a website serves certain functions, which are 

either basic or specific functions. FOM distinguishes between objects, which 

themselves can be basic or composite, and object categories. Based on this, a 

complete website is transformed first i nto a FOM model ,  before adaptation rules are 

appl ied to the model rather than to the web pages. 

A basic object is the smallest element in a hypermedia. It is determined by its 

presentation, semanteme, decoration, hyperlink associated with it, and its interaction. 

Basic objects can be grouped into finite sets, which are considered composite objects. 

26 



A composite object C = {OI , . . .  ,ONR} is further described by c lustering and 

presentation relationships. 

The specific function of an object in a given application environment is 

represented by its category, which directly reflects the author's intention. Examples of 

such object categories in FOM are information objects, navigation objects, decoration 

objects, special function objects, and page objects. 

The FOM method requires basic object detection to be performed first, then to 

generate the necessary category objects. Composite objects are detected by layout 

analysis of the web pages using an image pattern detection algorithm. Then, content 

adaptation rules are applied to the objects producing the adapted pages. The FOM 

method uses d ifferent rules for each object category. 

The assumption in FOM is that the adapted page is based on an existing page, 

thus taking numerous steps to achieve adaptation. This assumption is not necessary 

for the multiplatform e-Iearning system framework. Data is the fundamental element 

in the multiplatform e-Iearning framework rather than web pages. The FOM approach 

does not address several issues relevant to a multiplatform e-Iearning system such as 

how learner preferences can be adapted, how different delivery modes can be adapted, 

how flash objects and image objects can be adapted and the influence of slower 

bandwidth. Nevertheless it indicates the principle that knowing the intention of the 

underlying web page functional ity can be useful in providing adaptations. 

2.2.2 Conceptual content adaptation 

Conceptual content adaptation is a new approach to providing adaptation. One 

such technique is the media type approach. Media types were introduced by Feyer et 

al. (2000) as a means to formalise web-based systems.  The major intention was to 

abstract completely from presentational issues, but nevertheless to keep in mind the 

capability for presentation. Media types provide a conceptual abstraction from the 

page level based on extended views. One of these extensions addresses adaptivity. 

The underly ing idea is to include information that indicates which parts of media type 

content should preferably be kept together and which parts can be separated. Two 

mechanisms have been developed for this, one based on subtyping, and the other on 

numeric proximity values. 
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2.2.2.1 Fundamentals of media types 

For content, media types provide abstract structural descriptions based on type 

systems including navigation structures. They also support database connections via 

v iews. The data provided by a media object may include hidden data, e.g., l inks, as 

wel l  as context and escort information Escort information a llows the user to see the 

history of steps performed before being in the current state. In order to support 

different presentations to end-users and various end-devices, media objects al low 

d ifferent granularity and density of content. 

Functionality is achieved by adding functions. These can be internal functions 

such as database processes, internal search and navigation, or external connections 

such as general search, links to other sites, etc., or support functions such as marking 

and extraction in connection with metaphorical structures. 

The core of a media type is defined by a view on an underlying database. The 

view is created through a query qv which transforms databases over S into databases 

over Sv (Schewe, 2002). The query is capable of providing navigation l inks with the 

media types for navigation adaptation. In content adaptation, media types use the 

technique of cohesion. Cohesion defines which information should preferably be kept 

together, and which information can be separated. Restrictions imposed by the client, 

e.g., a mobile client, may require splitting the media type into several smaller ones. 

The theory of media types provides two mechanisms to support cohesion based on a 

total (pre-) order or proximity values. Cohesion introduces a control led form of 

information loss. Information loss may result in an unsatisfactory experience for the 

learner. In the multiplatform e-Iearning system there are concerned with the effect of 

perceived information change by the learner affecting their satisfaction when the same 

information is presented in different accessing devices .  

This method is feasible but i s  not in the mainstream of development. The concept 

seems to be based on manipulating a large database set. This approach was not 

adopted in the multiplatform e-Iearning implementation but it suggests an opportunity 

for future research work in this area. 

2.2.3 Summary of content adaptation 

Content adaptivity of web-based systems for mobile c lients is an issue. State-of­

the-art content adaptation techniques based on re-authoring (Bickmore and Shi l it, 

1 997), transcoding (Bharadvaj ,  Joshi and Auephanwiriyakul , 1 998; Hori et aI ., 2000; 
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Smith et ai., 1 999) and functional-based object detection (Chen et ai., 200 1 )  were 

reviewed. Despite their individual merits the major disadvantage seems to be that 

these approaches operate on the level of web pages with the assumption of existing 

PC based web pages as starting point. This assumption is not necessarily true in the 

multi p latform e-Iearning system framework. The new media type approach exploits 

the cohesion feature of media types, which al lows the information to be tailored to the 

restrictions of the mobile clients. However the media type may be more suitable for 

large database-backed, web-based information services rather than e-Iearning systems. 

2.3 Review of mobile learning  research 

One factor that triggered the emergence of multiplatform e-Iearning systems, as 

discussed earlier, is the explosive growth of mobile devices that are supported by h igh 

bandwidth technology infrastructure such as General Packet Radio Service (GPRS), 

third and fourth generation telecommunications (3G and 4G) infrastructure and 

wireless local area networks (WLAN). Mobile devices are beginning to transform 

traditional e-Iearning systems and could potentially fuse them into a multiplatform e­

learning system. Therefore mobile learning research is relevant here. Reviewing 

research on mobile learning al lows factors and issues relevant to the development of 

the multiplatform e-Iearning system framework to be extracted. Indirectly, it supports 

the notion that there is a variety of existing mobile learning systems that need 

unification and a muItiplatform e-Iearning system may weIl be the answer. 

Research in mobile learning is currently experiencing dynamic growth. It is not 

viable to cover every aspect and provide the latest developments here. The discussion 

is thus l im ited to several mobile learning and teaching appl ications that are currently 

being deployed and evaluated (RoscheIle et ai . ,  2004; MLearn 2004; Hoppe et ai. , 

2003). The review suggests that mobile learning can significantly complement e­

learning by creating an additional channel of access for mobile learners with mobile 

devices. If  the additional channel can integrate wel l  with the traditional e-Iearning 

system then the eventual success of muItiplatform e-Iearning systems can be 

envisaged. For the integration to work weIl it is necessary to investigate the basic 

issues facing mobile learning with respect to learner satisfaction and adoption. 

Existing appl ications tend to create separate instances of the content and do not use 

the same content that is avai lable for PC based appl ications. This creates problems of 
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duplication of effort, double maintenance and problems of versioning control .  This is 

further evidence for the need of a unifying approach. 

2.3.1 Mobile learning research in practice 

Research in mobi le learning can be categorised into four research streams. The 

first, practical mobile learning research involves the construction of mobile learning 

tools or applications and evaluates their effectiveness, satisfaction, and efficiency. 

These include using mobile learning for games or contests, confining mobile learning 

within the classroom environment, providing mobile learning in a laboratory setting, 

using mobile learning during field trips, applying mobile learning as distance learning 

tool, deploying mobile learning in an informal setting and util ising mobile learning as 

a tool for learning and teaching support. To some extent the current multiplatform e­

learning system can be considered part of this category of research. The objective of 

practical mobile learning research is normally to reveal an innovation that could work 

wel l  in creating an environment for effective learning. The diverse nature of practical 

mobile learning research can be used to extrapolate the potential benefits of having a 

multiplatform e-Iearning system as a foundation for integrating the diversity of 

devices. The evaluation process in practical mobile learning research includes a mix 

of observation, survey feedback, questionnaires and interviews. These evaluation 

techniques can be adopted with more precision in the multiplatform e-learning system 

evaluation process. The second, theoretical aspect of mobile learning research focuses 

on explaining and val idating pedagogical and learning theory in a mobile setting. 

Theoretical mobile research aims to understand what actually happens between a 

learner and a mobile device and how learning is acquired. The third, mobile learning 

infrastructure research focuses on technical system architecture. It normally devises 

an infrastructure that facil itates deployment of mobile learning application. Current 

issues include reusabil ity, meta-data content structure and the use of context meta­

data. The multiplatform e-learning system framework has certain similarities in its 

motivation with mobile learning infrastructure research. It is however less technically 

oriented. Lastly, mobi le usabi l ity and evaluation research focuses on fundamental 

issues regarding human/mobile device interactions. The aim is to devise a formal 

evaluation methodology and assess learner satisfaction based on interactions with 

mobile devices in different usage contexts. The evaluation part of the multiplatform e­

learning system framework is of this nature. 
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2.3.2 Practical mobile learning research 

I nteractive games and contests using mobile devices such as PDAs and mobile 

phones can be used to encourage learning. Mitchel l  (2003) explored the potential of a 

games-oriented implementation for an m-portal .  The findings suggested that a multi­

user m-portal for games and a hybrid learning scenario can bring added value as an 

alternative means of attracting and engaging target audiences. It could also enable 

users to master team building, social and communication skills. A survey conducted 

by Attewell  and Savil l-Smith (2003) showed high interest among young people using 

phone-based games to improve spe l l ing and reading and mathematics. Other games 

related research examined deploying Engl ish contest event learning strategy to 

different connected classrooms using a wireless remote controller (Chang et aI., 2004) 

and the use of a workspace puzzle view using a tablet PC to enhance group interaction 

(Deng et aI., 2004) . These examples show that different types of game activities can 

be used in different kinds of mobile devices. The interesting nature of mobile games i s  

favoured by learners. By extending these activities so  that they can be reached and 

communicated by different accessing devices including PCs, the resulting benefit may 

be beyond that of individual accessing device type alone. A multiplatform e-Iearning 

system is a good candidate to achieve such integration. 

A mobile learning space can be confined to a classroom environment and achieve 

good results. For example Dawabi et al. (2003) described a classroom of the future. 

Their system integrates an electronic blackboard and PDAs to provide tools for 

brainstorming, quizzes, and voting in a classroom environment. Goldman et al .  (2004) 

developed a mathematics learning environment for students to explore and learn about 

functions, and the evaluation showed significant gains for students using the system. 

Cortez et al .  (2004) developed a mobile computer supported collaborative learning 

system to support high school teachers with wireless networked hand held computers. 

The system is able to promote collaboration and constructivism. The evaluations 

showed that the environment enables the students to construct new knowledge based 

upon previous knowledge. These examples affirm the observation that environment 

can be an influential factor and should be considered in the multiplatform e-learning 

system framework. 

In the laboratory environment mobile devices can be used for data gathering and 
I 

to control robots. Milrad et al. (2004) deployed mobile and wireless technologies to 

support hands-on scientific experimentation and learning. They used a PDA to control 
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a robot in a maze in order to facil itate programm ing and algorithm development. 

Their findings showed that the experiences of learners are much enriched as the 

system brings them c loser to real activities. Similarly Jansen et al. (2004) combined 

handhelds and programmable Lego bricks in a c lassroom environment to help a robot 

escape from a maze. They used different pedagogical scenarios to enhance learning. 

This could imply that pedagogy is an important factor in influencing learners. 

L ikewise a PDA based laboratory for science experiments on data acquisition is 

useful for visual isation (Skalsky and Pastel ,  2004). From the above discussion, it 

seems l ikely that these activities are generated from a PC system and subsequently 

adapted to PDAs. The underlying PC system is capable of performing e ither the same 

or additional functions. These are good examples of how a multiplatform system 

could evolve. 

The obvious advantage of mobi le devices is mobil ity. Mobility enables learning 

to take place in the field. Chen et al .  (2003) developed a mobile learning system for 

bird watching based on the scaffolding concept. The system is developed based on 

PDAs and a WiFi network. The evaluation showed that children using the system 

improved their knowledge. Chen et al. (2004) further extended the system to a mobi le 

butterfly watching learning system for supporting independent learning. The system 

allowed users to submit a digital picture query. The system responds with the h ighest 

matched butterfly information to the user via the PDA. Mobility can give the 

experience of proximity. Collaboration between the c lassroom and an ongoing field 

trip can bring excitement and immediacy. Hine et al . (2003) described a collaboration 

system between a c lassroom and a field trip. The remotely accessible field trip project 

is a means of spanning field trip and classroom locations to provide an integrated 

learning environment. These experiments showed that mobile devices can create 

proximity and portabil ity that may enrich the learning experience. In the 

multiplatform e-learning system framework, the portability factor is included in the 

device dimension and participants discussed it in their feedback. 

Kanamori and Kobayashi (2004) used videophone to deliver home education for 

a student with severe physical impairment. Using a 3G v ideo phone makes video 

conferencing much more convenient to set up. Their experience showed that a v ideo 

phone can be an effective educational system although some fine tuning was stil l  

needed. Britto, Lopes and Michalkiewicz (2004) developed a telemedicine and 

distance learning system in the paediatric oncology surgery domain that provides 
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mobil ity for doctors who are travel l ing across the country to access information and 

provide data entry. Thus in distance learning applications the ergonomic capabi l ities 

of the mobile device are crucial. In the multiplatform e-Iearning system framework, 

ergonomic capabil ity is included as a key factor influencing learners. 

Mobile devices and context aware technologies can be useful to faci litate learning 

m an informal setting. Informal environments include places such as museums, 

galleries, gardens, aquariums, and so on. Hsi (2004) deployed two appl ications for 

museum visits at the Exploratorium in San Francisco to support informal science 

learning using Radio Frequency Identification (RFID), handheld computers and a 

wireless network. The study focussed on three aspects of learning: the cognitive level, 

social level and interactive level .  Ogata and Yano (2004) developed a context-aware 

language learning support system. The system can provide a learner with the 

appropriate pol ite expression derived from the learner' s situation and personal 

information. The system also used RFID and was evaluated in a simulated 

environment and wel l  accepted. Chou et a l .  (2004) developed a tour guide system for 

mobile learning in a museum. Their system aims to cater for both individuals and 

groups of visitors. Yatani et al .  (2004) developed a system to support children's  

collaborative learning in  a museum. Their findings suggested that chi ldren can be 

directed to less interactive and less attractive exhibits using questions that are related 

to the exhibits . Brandt, Hillgren and Bj6rgvinsson (2003) reported peer-to-peer 

informal learning at an intensive care unit where mobile technology is used for 

communication and interaction through the production of real situation video. The 

system provides an opportunity for reflection, learning, and developing work practice . 

Kadyte (2003) developed a mobile system for language learning. The development of 

the system was based on dimensions such as time, information, location and context 

space. Context space can include cultural, personal mobi le, virtual and physical 

community. These examples i l lustrated that context factors are important m 

faci l itating learning and will have an impact on the learner. The multiplatform e­

learning system framework includes context factors such as quietness, avai labi lity of 

personal help from instructor or self directed exploration and multitasking in the 

environment sub dimension. 

Technical problems in wireless connectivity can generate negative feel ings in the 

learner. Singh et al. (2004) developed a collaborative note taking system using PDAs. 

Students who use the system can share their notes among members of the group. 
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I ssues raised from such a system tended to be negative, such as information overload, 

privacy and connectivity problems. Relan et al. (2004) reported the experience of 

design, development and implementation of a project using handheld technologies to 

support a medical school curriculum. Their experience showed that students and 

faculty may not use PDAs to their maximum potential .  Faculty resistance to using 

PDAs for teaching is another obstacle to overcome. Resistance to use can be viewed 

as a motivation issue. In the multiplatform e-Ieaming systems framework these factors 

are included in the communication dimension, learner d imension and the content 

granule sub dimension. 

2.3.3 Theoretical mobile learning research 

Roschelle (2003) addressed the value of wireless mobile devices by arguing that 

wireless mobile learning is an imprecise description of what actually takes place 

between the learner and the mobile device. A more precise understanding of the 

pedagogical requirement is needed. Further research should explore rich pedagogical 

practice generating from simple wireless and mobile technologies. The impl ication is 

that for successful mobile learning, pedagogical and learning theory research on the 

use of mobile technologies is an important factor. In the multiplatform e-learning 

system framework, pedagogy is recognised and included in the content dimension. In 

relation to pedagogy, producing a set of best practice guidelines for mobile learning 

can be valuable. Vavoula et al .  (2004) produced a set of pedagogical guidelines for 

learners, teachers and policy makers who are considering mobile learning 

technologies. Their guidel ines comprise a list of recommendations of what to do and 

what not to do supported by theories and are val idated and segmented by audience. 

Ten guidelines were produced related to costs, usabi l ity, choice of technology, roles, 

equipment management, support for teachers, administration, collaboration, services 

and applications, and security and privacy. Roschelle et al. (2004) developed 

guidelines for teachers to use mobile devices for measuring students' progress in 

scientific investigation. The guidelines suggested that handheld assessment should be 

designed for teachers ' in transition' to inquiry-oriented science teaching. Handheld 

assessments should help teachers in itiate assessment practices that were better al igned 

toward inquiry-oriented instruction. They shou ld broaden the range of assessment 

tasks. Handheld assessments should emphasise active roles for monitoring their own 

work and should be simple and focused additions to teachers' existing inquiry-
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oriented practice. Not all the guidelines were relevant to the current research. Some of 

the relevant guidelines were considered in the multiplatform e-learning system 

framework, for example usabi l ity issues. Mobile learners can be different from 

desktop learners: Bul l  et al .  (2004) evaluated four intel l igent tutoring systems to 

investigate the roles of mobile learner models. They identified that not only is location 

information relevant to the content of an interaction, but it can also affect an 

individual ' s  abi l ity to undertake a focused study. In the multiplatform e-learning 

system framework, the mobile profile is recognised and is part of the learner 

dimension. 

2.3.4 Mobile learning architecture research 

Mobile learning architecture research explores system architecture issues in 

mobile learning systems. Sung et al .  (2004) reported an innovative architecture that 

al lows the rapid prototyping of wireless mobile multi-user applications for use in the 

classroom. The MIT.EDU platform combined inexpensive components and sensors 

providing a distributed real-time multimodal context aware application. One of the 

applications can gather a real-time and post processed statistic that can guide and help 

teacher interactions with students. Lonsdale et al .  (2003) described a context­

awareness architecture for mobile learning, which is object oriented and feature based. 

The basic operations in the context awareness system include input of context 

metadata, construction of context sub-state, exclusion of unsuitable content, ranking 

of remaining content and output of a ranked list of content. These examples reaffirm 

that contextual information can influence learners and to be able to use context data 

the system architecture must be able to support it. In the multiplatform e-learning 

system framework this is provided for in the environment sub dimension. Information 

may be lost from the original learning object when designing scalable and mobile 

learning for multiple technologies (Stone, 2003). There is a need for an infrastructure 

that supports the generation and sharing of metadata and effective meta-analysis of 

learning objects to support consistent pedagogy in mobile learning. Thus a framework 

that includes the pedagogy factor is necessary. 

2.3.5 Mobile usability and evaluation research 

Human/computer interface issues in using mobile devices affect the satisfaction 

of and adoption by the learner. This is a fundamental area that requires further 
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research. S imple input problems may result in total rejection of use. Houser and 

Thornton (2004) evaluated the typing speed of mobile devices. Their findings showed 

that Japanese students would require some training if using PDAs and writing in 

English. Vainio and Ahonen (2003) argued that learning usabi lity is one area that is 

lacking in mobile systems. They looked into a critical approach to an adaptive user 

interface design. Their aim was to develop mobile systems that are adaptable to more 

than one learning context based on the hypothesis that learning is not c learly defined 

in most usabil ity studies. To this end the current study includes an evaluation of the 

multiplatform e-learning system.  Other researchers such as Syvanen et at. (2003) 

provided an evaluation based on the concept of fragmentation. Using a set of mobile 

learning questionnaires, their evaluation results suggest avoiding fragmentation in the 

design of mobile learning practice and material in the primary school setting. Key 

guidelines cover accessibi l ity, ski l l, usability, flexible interaction, time to process 

content, connection, distraction, classroom culture, user culture and expectation, and 

design tool s  for mobi le learning. Baber et al. (2003) proposed a learning space model 

to examine the suitabil ity of different technologies for mobile learning. Using the 

concept of qual ity function deployment they have demonstrated that the method can 

aid in evaluating user requirements for the design of learning technologies that match 

the assumed functionality of the technology. Thus usability research in mobi le 

learning is an important precursor to the successful adoption of the technology. The 

current research includes an evaluation to measure the satisfaction levels of the 

learners with respect to the multiplatform e-Iearning system framework. 

2.3.6 Summary of mobile learning research 

Mobile learning research is a growing field. However the mass adoption and 

benefits of this technology have yet to be reali sed. Adoption wi l l  take time as many 

basic issues need to be resolved such as pedagogy, adaptation, learner experience, 

usab i l ity and many more. Mobile content is an important influencing factor and it 

varies greatly. Mobile content can be as simple as a short message service (Stone, 

2002) or as sophisticated as a real time video. Environmental factors such as context 

of use and pedagogy are two other important influencing factors. They should be used 

as principles to guide the implementation of mobile learning. Multimedia content 

factors such as the use of flash or scalar vector graphic (SVG) multimedia animation 

objects on mobile devices may need further evaluation from the perspective of 
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l earners as these are emerging technologies for most mobile devices. The 

m ultiplatform e-learning system framework includes this aspect. The literature review 

also showed that many researchers used existing mobile device software such as 

browsers, file transfer, note-takers, voice recorders, and e-mail to conduct their 

respective experiments. These approaches may indicate that at the moment an 

understanding of how such common tools affect learning is stil l  lacking, further 

justifying the need for basic research. Sophisticated mobi le applications which 

involve multiple technologies such as databases, Java, ActivePerl, forms, RFID, and 

multi-sensors are increasingly becoming popular. These wil l  require innovative 

system architecture to support the use of context data. A unifying approach may be 

necessary to integrate different devices. Mobi le learning research may wel l  move in 

the multiplatform e-Iearning system direction. I n  most of the mobile appl ications the 

design is directed towards a particular set of mobile devices. Only a few appl ications 

started with the PC in mind and moved to mobile devices with a re-design. These 

approaches may not be efficient and again there is a need to integrate the design 

approach. Manufacturers are continually launch ing new mobile devices. The 

multitude of emerging devices supports the need for a unifying multiplatform 

framework. Although deployment of mobi le technologies is taking place, most mobile 

l earning applications in the literature were run in a fixed mobile environment where 

user is physically stationary. New usabi l ity tests wil l  be needed to realistically mimic 

the working situation if such tests cannot be done in real work environment. The 

advent of networking and wireless technologies means that using wireless local 

networks as wel l  as publ ic telecom infrastructures as the access channel wi l l  be 

commonplace. Mobile learning applications must be evaluated with respect to 

network stabi lity and qual ity from a learner perspective rather than the technological 

perspective to measure satisfaction levels. The review also showed that discussions of 

implementation issues and evaluating end users' experience were very l imited in 

scope. The current multiplatform e-Iearning research emphasises on both 

implementation and end user experience issues. 

2.4 Review of W3C device independence activity 

The motivation of the W3C Device Independence Activities (DIA) (W3C, 200 1 )  

i s  c losely related to the research i n  multiplatform e-learning system frameworks. The 

goal of the DIA is to develop ways for future web content and appl ications to be 
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authored, generated, or adapted for a better user experience when del ivered via 

multiple device types. In OIA, user experience is defined as a set of material rendered 

by a user agent who may be perceived by a user and with whom interaction may be 

possible. The goal of the current research is to devise a framework for accessing e­

learning content via different accessing devices with the aim of analysing the level of 

influence of the factors within the framework. The current research therefore 

complements DIA by focusing on basic questions relevant to e-Iearning and learner 

satisfaction. In addition, the current adaptive multiplatform e-Iearning framework 

takes insights of the DIA perspectives of user, authoring and delivery mechanisms to 

formulate a competency framework that focuses on content, learner, device, 

communication, and coordination dimensions that better fit the e-Iearning 

environment. 

2.4.1 DIA principles 

Motivated by future access scenarios, DIA looks at how web content can be 

accessed from three perspectives: the user perspective, the author perspective, and the 

perspective of del ivery mechanism. OIA identifies seven working principles to 

achieve the goal (W3C, 200 1 ). The seven working principles are: device independent 

access, device independent web page identifiers, functional ity, incompatible access 

mechanism, harmonisation, characterisation of del ivery context, and adaptation 

preferences. The goal of the device independent access and device independent web 

page identifier principles is to ensure that a functional user experience is always 

possible via any access mechanism. In multiplatform e-Iearning system 

implementation this is achieved by matching the devices' capabil ities with functional 

content. In the evaluation process, comparison is made between e-Iearning systems  

that provide functional user experience to  various accessing devices to determine the 

level in learner satisfaction. The functional ity, incompatible access mechanism and 

harmonisation principles aim to ensure that functional experience, if not met, should 

give appropriate feedback to the user and that harmonised user experience is possible 

from the author perspective. A harmonised user experience is one that meets the user 

del ivery context and also the qual ity criteria of the author. In the multiplatform e­

learning system, if the user delivery context can not be met, the lowest version of the 

functional user experience is rendered depending on the device' s  capabi l ity. The 

harmonised experience is governed by the coordination dimension which provides 
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harmonised adaptation based on attributes from other dimensions such as bandwidth, 

device capabil ities and environment factors. Finally, the characterisations of delivery 

context and adaptation preference principles ensure that del ivery context is made 

available to the adaptation process and that users can change their preferences to 

modify the adaptation process. In the multiplatform e-leaming system, the del ivery 

context such as bandwidth, device profiles, learner profiles and preference are e ither 

stored in XML files or estimated in real time to al low the adaptation to process. User 

preference can be changed by the user to be reflected in the adaptation process. 

2.4.2 Summary of device independence activity 

The device independence activities mentioned above strongly demonstrated a 

vision for the future of a multiple devices accessing scenario in general web service . 

The current research of a multiplatform e-learning system framework is al igned with 

the direction of W3C's DIA. This research concentrates on the domain of e-learning 

and also devises a set of competency principles to operational ise the multiplatform e­

learning system framework. E-learning is a revolutionary way of teaching. With the 

advent of mobile technology e-learning is constantly evolving, thus there is an 

increasing need for more research. The multiplatform e-learning research also aims to 

gain new knowledge by focusing on fundamental factors influencing learners when 

exposed to a variety of accessing devices. In this regards, the current research goes 

beyond and complements the DIA activities. 

2.5 Review of device identification techniques 

Device identification is extremely critical in the adaptation process. Without the 

capabil ity of device identification it wil l  be very difficult to perform adaptation. A 

review of the technologies currently deployed in web device-browser identification is 

essential to provide an understanding of how these technologies can be used 

effectively and efficiently to facil itate a rapid prototype implementation of the 

adaptive multiplatform e-learning system .  

2.5. 1 Client-side identification 

The most basic technique is the cl ient-side scripting technique (Homer, 1 998). 

This techn ique first requires the device browser to support cl ient side scripting. Once 

the script detects the browser type in the navigation object property it is able to select 
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and adapt the content to the client device type. Script support is normally l imited in 

mobile devices so this can be an i ssue. C lient-side detection is also l imited in scope as 

it currently only identifies the "userAgent", "appName" and "appVersion". Another 

l imitation is that the entire content must be del ivered to the client browser for 

adaptation otherwise multiple HTTP cal ls must be made. Nevertheless user 

preferences can be adapted easily but not efficiently in term of bandwidth, delay and 

content consumption. It is unlikely that this technique would be deployed without 

additional backup. 

2.5.2 Server-side identification 

Server-side identification can be achieved via different technologies such as COl, 

ASP, JSP, XSP, Java Servlet, or PHP (Blay lock, 1 999; Isaacs, 1 998). Almost a l l  

server-side scripting languages can perform device browser detection and respond to 

adapted content accordingly. The main method used for server-side detection is to 

detect the HTTP header user-agent string. In the active server page (AS P), the HTTP 

string content can be read via the "Request.ServerVariables ". In PHP a similar string 

variable "$HTTP USER AGENT" contains the information about the browser. I n  

most cases, performance, preference and consistency will determine the choice of  

technologies used. Compared with cl ient-side techniques, server-side techniques are 

practical choice for devices with low processing power, l imited battery time and l ittle 

memory such as mobile devices . In view of th is, the multiplatform e-learning system 

implementation adopted the server-side identification technique. 

2.5.3 Browscap technique 

Browscap is a server-side identification technique that al lows the active server 

page to use the "Browscap.ini" fi le to identify the requesting browser (Homer, 1 998). 

The browser capabil ities information is stored in the "Browscap.ini" fi le and al lows 

the information about the browser to match with the ActiveX component objects as 

defined in the "server.createobject ". This is an active server page (ASP) method and 

is therefore restricted to server that supports ASP. 

The Browscap technique has several l imitations (BH, 2002). One such l imitation 

is accuracy. If browser information is not stored in the ".ini" file, it wil l  report the 

browser as "Unknown" instead of providing the necessary information. Browscap 

sometimes incorrectly identifies an lE browser as Netscape, or vice-versa. Also 
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common is misidentification of the properties, such as reporting the version number 

for the IE 4.0 1 browser as 4.0. Likewise there are cases where the browser and 

version properties are correct, but additional properties such as Platform are reported 

as "Unknown". Another l imitation is maintenance. Browscap requires ongoing 

updates to make sure it recognises new browsers as they are released. Most often it 

wil l  not, and an updated Browscap file will be required. The final l im itation is its 

capability. Browscap provides basic information about a browser, such as its major 

and minor version number and platform . It is unable to provide information such as 

cookies or scripts support, file upload, SSL, DHTML, XML, style sheets, DHTML, 

and many others. Whi le this  method may have its l imitations, i t  is freely available and 

can be deployed rather quickly. 

2.5.4 Browserhawk technique 

BrowserHawk is another server-side technique to detect device capabil ities. It can 

provide more comprehensive detection of browser capabi l ities (BH, 2002). It is 

simi lar to the Browscap method of using the ActiveXlCom method of M icrosoft 

technology. It can integrate with an ASP.Net framework and provide a more 

comprehensive detection scheme than mobi le Internet tools in a .Net framework. 

These features will be useful for multiplatform e-learning system implementation. 

BrowserHawk software can detect lE, Netscape, Opera, and AOL browsers, 

WebTV browsers, Konqueror, Mozil la, A Web, iCab, Dreamcast and many others 

regardless of the version, platform, language or any other factor. One of the valuable 

features of BrowserHawk is the abi l ity to detect mobile devices. These include W AP 

and i-Mode phones, Palm and iPaq PDAs, interactive TV, web kiosks, and more. 

BrowserHawk can provide information on over 1 20 properties such as security 

setting, cookies, script, multimed ia player, mobile browser, connection speed, 

firewal l, proxy setting, display setting, frames, language setting, IP address and many 

more. Thus it is a commercial ly avai lable product that could faci l itate the 

implementation of the multiplatform e-learning system if needed. 

2.5.5 CCIPP and UAprof 

In the W3C community there are standardising activities that look at frameworks 

for device independence access in the general web domain. One such activity is 

CC/PP which stands for Composite Capabi litieslPreference Profile (Butler, 200 1 a; 
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W3C, 1 999a, 1 999b, 2000a). CCIPP is both a contextual framework and a profile 

framework. A contextual framework al lows accessing devices, whether mobile or 

stationary, to communicate their capabi l ities to the server while the devices request 

information. A profile framework allows the user to structure assertions about 

preference objects. Thus a contextual framework allows device capability in the 

device dimension to pass on the information to the server while a profile framework 

allows learner profiles and preferences in the learner d imension to pass on 

information to the server. The design in CCIPP is leveraged on the use of resource 

description framework (RDF) for namespace, assertion structure and XML encoding. 

In the open mobile all iance forum community, the UserAgent Profile framework 

(UAProf) is targeted toward mobile phones and is also based on RDF and CCIPP 

(Butler, 2002a, 2002b). CCIPP and UAProf are conceptually very similar. The 

implementation guidel ine for UAProf is however more defined than that for CCIPP. 

One shortcoming of CCIPP is that it does not specify the mechanism of how the 

profiles should be communicated to the server and how the server resolves the profile. 

Thus resolving is up to the developer. There are two ways to implement profile 

resolution. One is to write a servlet (in e.g., C, java, Perl) in the server engine and the 

other way is to implement a CCIPP proxy server that is able to resolve the profile and 

channel the adapted request from the server to the requesting device. 

One such implementation is DELl developed by the HP lab that allows Java 

servlets to resolve HTTP requests containing CCIPP information (Butler, 200 1 b). 

Another extension approach to DELl, which has been incorporated in Apache Cocoon 

XML publishing, requires creating conditionals in XSL T that query the profile using 

XPath. This extension, however, of specifying constraints for matching device 

profi les in XPath is complicated and cumbersome. Furthermore there is no easy 

method of abstraction to al low common sets of constraints to be reused in multiple 

stylesheets. Another implementation is DICE, which is again based on DELl but uses 

HTTP/1 . 1  request string to resolve the CCIPP Profile. Other commercial 

implementations of CC/PP include Cysive (Cysive, 2002; Izdepski, 2002), Argogroup 

(Argogroup, 2005), and IBM (IBM, 2005). While CCIPP implementation is emerging, 

it is not easy to integrate with the multiplatform e-Ieaming system. Moreover it was 

reported to have various problems (Korolev and Joshi, 200 1 ). 

42 



2.5.6 Problems with CCIPP 

Korolev and Joshi (200 1 )  pointed out several problems with CCIPP. One such 

concern is that the CCIPP framework describes every detail of the client device. This 

fine grained descriptiveness complicates the development of the web services, 

because the web server wil l  have to fetch al l  the necessary descriptions that are 

specified by the c l ient, apply the required profile differences "DIFFS" and maintain 

profile caches in order to reduce document regeneration .  In addition to that, the web 

server has to analyse the received descriptions and provide suitable content. With the 

large number of variables in the CCIPP descriptions the resultin g  possible number of 

transformations of any particular document is very large. This makes the 

transformation process very complex and makes caching of the transformed document 

less efficient. 

Korolev and Joshi (200 1 )  also pointed out that the fine details of CCIPP 

descriptions also contribute to the complexity of the client' s software, because the 

web browser must be aware of all possible configuration changes on the c l ient, and 

create the necessary "DIFFS" to standard configuration, which requires relatively 

expensive computation of MD5 signatures for the original profi les. 

Finally, according to Korolev and Joshi (200 1 ), having a separate description for 

every single model of client device even if those devices are essentially the same in 

terms of their capabilities and connectivity (e.g. a Dell notebook vs. Compaq 

Notebook, a 3COM Palm Pilot vs. Handspring Visor) will generate a lot of extra 

traffic and wil l  require a large amount of storage in the caches for fetching and storing 

dupl icate capabi lity descriptions, which is not desirable in wireless networks. In 

addition to that, there is a considerable processing overhead on the server associated 

with merging the standard capabi l ity description of the client device with user­

supplied differences. 

Thus the multiplatform e-Iearning system framework does not dictate a specific 

implementation .  Implementation should adhere to the overall objective of the 

research. And in this case, the abil ity to evaluate overall learner satisfaction and the 

factors influencing it are of primary concern. 

2.5.7 Other implementations 

Morphis (2002) uses proprietary device capabil ity database in the Morphis open 

source device transcoder. Morphis uses the XML standard to provide profiles, which 
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is not CCIPP compl iant but is capable of providing device and profile resolution .  The 

profiles are kept in a "device.xML" document for dynamic item selection .  The 

device.xML is the file that defines the rules that identify the device and its 

capabilities. It is a feature of Morphis WAX that enhances the delivery of the proper 

content to devices. The Morphis API provides for some device abstracts. 

HA WHA W stands for HTML and WML hybrid adapted Web server (HawHaw, 

2002) and is a too lkit to create universal mobile appl ications. HA WHA W checks the 

HTTP request information, namely USER AGENT header and ACCEPT header, and 

then decides how to create an appropriate HTTP response. 

The HA WHA W API offers a " least common denominator" of various mark-up 

languages such as HTML, WML and cHTML. HA WHA W users create applications 

that can be mapped into m any devices and browsers. The mark-up language code is  

generated by HA WHA W to achieve maximum portabil ity across as many different 

handheld devices as possible.  HA WHA W sites are able to serve XHTML, HDML, i­

modeTM, MML, PDAs and voice browsers. 

Wireless Universal Resource File (WURFL) uses an XML configuration file 

which contains information about capabi l ities and features of several wireless devices, 

typical ly W AP devices (WURFL, 2002). The WURFL site does not provide enough 

information on device detection techniques. Based on the Java documents provided, it 

can be assumed that Java API is written to detect the user agent. WURFL uses the 

concept of a fam ily of devices to m inimise the multi-devices and multi-capabi l ities 

variations. Al l  devices are descendants of a generic device, but they may also descend 

from more specialised fami l ies. Unlike UAProf, one advantage of WURFL is that it 

can be installed onsite and does not need to grab device profiles from a repository. 

One of the latest technologies from Microsoft is the .Net framework (Microsoft, 

2005). The ASP.NET mobile application (Microsoft Mobile Internet Toolkit) provides 

an extensible mechanism for identifying a cl ient device, and for making the 

information available to the Mobile Internet Controls Runtime and the Web 

application. The "HttpBrowserCapabil ities" class and the "MobiJeCapabi lities" class 

can provide information about the browser making the request. The technique used is 

server side HTTP user agent string identification. Device mapping is performed in the 

server that contains a device capabi lities dictionary in the "machine.config" file and 

the "<BrowserCap>" tags. Currently there are more than 200 devices supported by the 

framework and users can add new device control s  and capabi l ities. 
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2.5.8 Summary of device identification 

While W3C CC/PP and UAProf are the latest technologies, both have huge 

unresolved problems such as profile interoperabi l ity, unspecified functional ity, 

serialisation, RDF type identity, and much more (Butler, 2002c). Nevertheless these 

are the protocols so far that addresses the preference profile and changes of preference 

during sessions. The .Net Framework is able to implement an adaptive system but 

requires its proprietary detection (similar to BrowserHawk) and content adaptation 

technique. The solution to enhance these techniques, to allow changes of preference, 

is not clear at this point. No attempts have been found so far, but future research in 

this  area is possible. The .Net Framework provides a consistent set of tools from 

design to server support but it m ight be deficient in adapting user preferences which 

are possible to implement. Other implementations, such as Morphis, HA WHA W and 

WURFL are also possible. The only shortcoming is that they are l im ited in their scope 

to support a variety of devices. WURFL represents a more promising solution than the 

rest. 

According to the literature review, the use of XML documents is prevalent in 

implementing device identification and profile matching. With many issues stil l  

unresolved in  CCIPP, the multiplatform e-Iearning system i mplementation uses a 

simpl ified device detection method with simplified XML documents similar to the ful l  

device profiles and preference profiles of CC/PP to achieve the objective of rapid 

prototyping and evaluation with respect to satisfaction and quantifying the factors that 

affect satisfaction. 

2.6 Summary of chapter 2 

The study of adaptive multiplatform e-Iearning systems draws on multi­

discipl inary areas of research. E-Iearning frameworks were reviewed from both the 

technical perspective and theoretical perspective. I n  technical frameworks, the 

concerns focus mainly on creating an open system that can be easily integrated. The 

use of abstract service layers is to faci litate service integration from several open 

sources. This allows new services to be integrated without the necessity of re-design .  

The technical frameworks strive  to be pedagogy, culture, system and p latform 

independent. The theoretical frameworks are mainly concerned with learner 

characteristics, pedagogy, and the use of technology and its influence on the learner. 

For example, the motivational framework of e-Iearn ing stresses the motivational 
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aspect of learners and the opportunity rendered by e-learning - systems through rich 

media interaction. The review provides further evidence that these two perspectives of 

e-Iearning frameworks are interdependent. The basic question is how to merge these 

two perspectives to create a realistic e-Iearning system and evaluate its overall learner 

satisfaction. The adaptive multiplatform e-Iearning system aims to acquire such 

knowledge. The review of content adaptation, device detection and identification, and 

the W3C device independence activities provided insight into how a realistic 

implementation could be developed for a prototype system. The DIA principles 

provided some guidelines on the requirements for formulating the multiplatform e­

learning system framework. The content adaptation, device detection and 

identification techniques provided an overview of the current state of the art 

technologies that are useful in prototype implementation.  Final ly, the review of 

mobile learning examined the levels of sophistication and diversity within the domain 

of mobi le learning that is part of the characteristics of multiplatform e-Iearning 

systems. 
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Chapter 3 Foundation of the multiplatform e-Iearning system framework 

3.1 Motivation and foundation 

Previous chapter had reviewed multidisciplinary research areas that support the 

current work. Two key research areas provide further motivation to the research on 

multiplatform e-learning systems framework. First, the work in W3C Device 

Independence Activities (DIA), Composite Capabil itieslPreference Profile (CCIPP), 

UserAgent Profile (UAprot), Wireless Universal Resource Fi le (WURFL) and 

Morphis provided strong background evidence that web services are moving towards 

multiple accessing devices. However specific domain areas such as e-learning have 

yet to be fully explored. Second, mobile learning research suggests that learning is 

possible through various mobile devices despite some l imitations. Nevertheless there 

are few studies integrating several accessing platforms with respect to design, 

deployment and evaluation . Thus one of the research questions is to address the issue 

of what constitutes a multiplatform e-learning system framework with the aim of 

evaluating the factors that influence learner satisfaction during learner/system 

interaction. I n  attempt to answer this question the approach is to examining the 

current state of e-learning systems, the relevant enabler technologies and research 

findings to provide evidence and to extract relevant factors to aid the formulation of 

the multiplatform e-learning system framework. Besides focusing the attention on 

factors influencing learner/system interaction, determinants that could possibly be 

adapted from the server or by the client side that may have an impact on learner 

satisfaction are also identified. 

Before proceeding further, it is necessary to gain an understanding of the meaning 

of "e-learning". The Knowledge and Learning Systems Group at the University of 

I l l inois at Urbana-Champaign (NCSA) (Wentling et aI., 2000) defined e-learning as 

follows: 

E-learning is the acquisition and use of knowledge distributed and faci litated 

primari ly by electronic means. This form of learning currently depends on 

networks and computers but wil l  l ikely evolve into systems consisting of a variety 

of channels (e.g., wireless, satell ite), and technologies (e.g., cellular phones, 

PDAs) as they are deve loped and adopted. E-learning can take the form of courses 

as well as modules and smal ler learning objects. E-learning may incorporate 
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synchronous or asynchronous access and may be distributed geographically with 

varied l imits of time. (p. 5) 

Zhang and Nunamaker (2003) defined e- Iearning as: 

E-Iearning refers to any type of learning situation when instruction content i s  

delivered electronically via the Internet when and where people need i t  . . .  e ­

learning, referring to learning v ia  the Internet, provides people with a flexible and 

personal ised way to learn. (p. 207) 

Djamshid et al. (2004) defined the e-Iearning system based on the constructivist 

learning model.  They defined e-Iearning as: 

We wil l  call e-Iearning all forms of electronic supported learning and teaching, 

which are procedural in character and aim to effect the construction of knowledge 

with reference to individual experience, practice and knowledge of the learner. 

Information and communication systems, whether networked or not, serve as 

specific media to implement the learning process. (p. 274) 

From these definitions, two key points regarding e-Iearning are apparent. First, 

the NCSA e-Iearning definition implicitly encompassed multiplatform e-Iearning 

systems. It contains a vision of a multi-channel and multi-device accessing scenario .  

This definition further confirms the vision of this study of a multiplatform e-learning 

system. Second, e-Iearning can be defined from different perspectives such as 

technical (Wentl ing et aI., 2000), situational (Zhang and Nunamaker, 2003) as wel l  as 

theoretical (Djamshid et ai., 2004). Different perspectives highl ight issues relevant to 

their perceived importance and research experience. In the multiplatform e-Iearning 

system framework research, attention is also drawn to the evaluation of learner 

satisfaction in human/device interaction based on various accessing devices. I n  

addition, the construction of  the multiplatform e-Iearning framework and its 

implementation are also demonstrated. 

By examining these definitions for structural dimensions and features, six aspects 

of e-learning can be identified. First, e-Iearning involves content. E-Iearn ing content 

can be instructional, procedural or in the form of courses as well as modules and 

smaller learning objects (Djamshid et aI., 2004; Zhang and Nunamaker, 2003 ; 
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Wentling et aI., 2000). Second, e-Iearning involves the learner. E-Iearning provides 

learners with a flexible and personalised way to learn. It affects the construction of 

knowledge with reference to individual experience, practice and knowledge of the 

learner (Djamshid et ai ., 2004). Third, e-learning involves accessing devices. 

Traditionally the accessing device used to be a PC but cellular phones and PDAs are 

becoming prevalent as they are developed and adopted (Wentling et aI., 2000). 

Fourth, e-learning involves communication. E-learning requires a communication 

channel for the acquisition and distribution of e-learning content. The communication 

channels faci litate synchronous and asynchronous access through various accessing 

devices (Wentling et ai., 2000). F ifth, e-learning may involve adaptivity. Adaptivity in 

e-learning al lows the customization of content del ivery and presentation based on 

preference, experience, and the learning profile of the learner (Djamshid et aI., 2004). 

Lastly, though not mentioned implicitly in the definitions, e-learning involves 

coordination for it to be successful as described in these definitions. E-Iearning 

requires considerable coordination to deliver content to learners through various 

communication channels and capacities via different modes of del ivery that adapt to 

the individual experience, practice and knowledge of the learner. 

In summary the structural features can be organised into five dimensions: content, 

learner, device, communication and coordination dimensions. The feature of 

adaptivity can be included in the coordination dimension . Therefore these five 

dimensions together lay the foundation and constitute the muItiplatform e-learning 

system framework. To build up the multiplatform e-Iearning system framework it is 

necessary to continue analysing, examining and justifying many of the attributes 

within these dimensions. 

3.2 Content dimension 

Content has been identified as one of the dimensions in the muItiplatform e­

learning system. Indeed content is treated as an important component in e-learning 

systems by many researchers. Henry (200 1 )  identified three core elements in e­

learning systems. The first core element is content; technology and services are the 

other two elements. Simi larly Davis and Harden (200 1 )  identified four major 

components in e-learning systems. These components are courseware, authoring 

software, virtual learning environments and learning management systems. Again, 

courseware, which holds content, is treated as an important component. Commercially 
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for example, the Blackboard e-Iearning system consists of a content system ,  a learning 

system, and a community system. These examples again highl ight the necessity of 

content. Thus one can safely recognise content to be the basis and most significant 

e lement of al l  e-Iearning systems. Though briefly discussed earl ier in the definitions 

of e-Iearning systems (Wentl ing et aI., 2000; Zhang & Nunamaker, 2003), content is 

the eventual information that is delivered to the learner and other components either 

support or build upon it. Without content, l earning is not possible. 

The impact of content is significant as it affects both the teaching experience and 

learning satisfaction. In traditional c lassroom teaching, teachers select and present the 

content, topics, and course material, and organise discussions in the classroom. In 

traditional e-Iearning systems teachers are sti l l  responsible for the content. However 

students now can select appropriate content, initiate discussions and revisit content 

individually according to their progress. According to Djamshid et al . (2004), besides 

learning content, learner interaction, media choice and the underlying software 

systems that support the e-Iearning system could influence learning. In multiplatform 

e-Iearning systems, these influences could be amplified due to various accessing 

devices and the requirement of content transformation and adaptation . How these 

factors influence learners in the multiplatform environment has yet to be ful ly 

explored. 

3.2.1  Pedagogy 

To develop content in e-Iearning systems there is a need to deploy pedagogical 

principles to form the very basic features of e-Iearning systems. Khan ( 1 997) in his  e­

learning framework already stressed the importance of the pedagogical dimension for 

teaching and learning. These pedagogical principles should be integrated into the e­

learning systems where every feature included is accompanied by explicit guidel ines 

on the best method of their use to effect pedagogical ly sound instructions 

(Govindasamy, 2002). Similar concerns were addressed by Chute, Thompson and 

Hancock ( 1 999). They pointed out that to achieve a satisfactory learning experience, 

close attention to content design and del ivery is of crucial importance. This means 

that pedagogy surrounding the design of content must be sound and should be based 

on establ ished learning theories. This observation is consistent with Firdiyiyek ( 1 999) 

and Vrasidas (2004) who criticised the mismatch between features in e-Iearning 

systems and the lack of explanation, support and guidel ines of the didactic principles 
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underlying the use of these tools. Thus sound pedagogy or at least some guidelines 

are needed for e-Iearning to be successful (Vrasidas, 2004) . For multiplatform e­

learning systems the concern is that pedagogical principles deployed for a specific 

platform in m ind, usually PC, may not necessarily be appl icable to various accessing 

devices and contexts of use. Hence the pedagogical factor in a multiplatform e­

learning system framework may reduce learner satisfaction if inappropriate pedagogy 

principles are used. 

3.2.2 Organisation and granularity 

In an e-Iearning system, content organisation is another key factor. Content must 

offer sufficient challenges and be structured in such as way that it offers no barrier to 

the extraction of information by the learner (McFarlane et aI ., 2003). This suggests 

that the organisational structure of the e-Iearning content and its granularity, which 

both influence learner satisfaction, must be carefully mapped out. In traditional e­

learning systems, content organisation needs only to focus on just one platform . 

However, in multiplatform e-Iearning systems content organisation needs to consider 

various mobi le platforms. In mobile platforms, there is a stronger need to organise a 

larger chunk of content into smaller learning objects or modules to fit small mobile 

devices. For example, multiple choice questions may display four questions in 

traditional PC based e-Iearning systems. For PDA and mobile phone, one question at a 

time may seem more appropriate. Smaller granularity also makes content easier to 

share and re-use (Govindasamy, 2002). Having too fine a granularity may result in too 

many versions of the learning content. Thus a coarse grouping can be built to classify 

learners into groups such as novices, beginners, competence, proficiency, and 

expertise (Baumgartner et aI. , 200 1 ). 

While content, organisation, granularity and pedagogy all  influence learners, one 

should also be aware that in a multiplatform e-Iearning system, a particular pedagogy, 

organisation, and granularity of the content that suit a particular learning situation 

may not necessarily suit another learning situation even if the accessing device is 

identical .  

3.2.3 Learning module 

One of the greatest strengths of e-Iearning content development is that the e­

learning systems provide opportunity to deploy multimedia formats. Multimedia is the 
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delivery of information that integrates two or more media (Beckman, 1 996). The 

combined media may include text, graphics, videos, animations, sounds and other 

formats. The benefit of deploying multimedia content is that it provides a multi­

sensory learning environment. A multi-sensory learning environment can help 

maximise the learner's abi lity to retain information, which affects learning (Syed, 

200 1 ). Research has shown that the use of multimedia instruction content can enhance 

an individual ' s  problem solving skil ls, and entice learners to focus their fu l l  attention 

on a task through the vividness of the presentation (Zhang and Nunamaker, 2003). E­

learning systems also provide opportunity to deploy multimedia to stimulate 

motivation (Duchastel, 1 997). An extension of multimedia is interactive multimedia. 

Interactive mu ltimedia is defined as the use of a computer to present and combine 

various formats such as text, graphics, audio and video, with l inks and tools that let 

users navigate, interact, create and communicate (Ho fstette r, 1 995). Interactive 

multimedia has also been widely adopted in e-Iearning to enhance learners' 

interactivity and to improve learning effectiveness . One such example is the 

"Learning By Asking" system (LBA) (Zhang and Zhou, 2003). LBA system presents 

synchronized multimedia materials on the Internet in an interactive and cohesive 

manner by responding to learner's questions. While multimedia content contributes to 

e-Iearning systems significantly and the use of multimedia in e-learning systems has 

become a common practice, proper choice of multimedia is important. The diversity 

e-Iearning framework (Huerta et aI., 2003) through the organisation communication 

theory identified that media richness could affect media communication choice in e­

learning systems and hence affect learner satisfaction. This raises the issue of how 

multimedia and interactive multimedia content affect multiplatform e-Iearning 

systems, especially mobile devices. To what extent learner satisfaction is affected by 

mobile devices' capabil ities when engaging with multimedia content and to what 

extent learner satisfaction is affected by the removal of multimedia content during the 

adaptation process will need further investigation . 

3.2.4 Summary 

Content has been identified as the most important dimension in e-learning 

systems including multiplatform e-learning systems. Whi le both types of systems 

m ight contain similar characteristics, several issues stand out for multiplatform e­

learning systems. Within the content dimension, pedagogy, multimedia in the learning 
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module, organisational structure of content, and granularity have been shown to affect 

learning. Compared to traditional e-Iearning systems, multiplatform e-Iearning 

systems represent a new environment in which many research areas have yet to be 

fully explored. It is with this in mind that the current research examines how these 

dimensions behave and interact in this new environment. 

3.3 Learner dimension 

Whi le content is vital in e-Iearning systems, u ltimately content has to be delivered 

to the learner. Learner/content interaction is an integral part of the learning equation. 

Various perspectives that could help in identifying the important attributes within the 

learner dimension are examined. F irst, in the process of packaging content to the 

learner is there any approach that can be adopted that is l ikely to positively affect the 

learning process? Second, can e-Iearning systems  provide support for the adopted 

approach in delivering content to the learner? Third, what other factors surrounding 

learners could affect learning? Final ly, are there specific issues for multiplatform e­

learning systems? 

3.3.1  Personalisation 

First, constructivist learning theory advocates that content should be personal ised 

to the individual learner for effective learning (Djamshid et aI., 2004). Personal isation 

means learning according to individual interest, previous knowledge, style, and so on 

(Zhang and Nunamaker, 2003). Not all learning situations can be personalised easily. 

To provide personalisation there is a need to move from an instructor-centric 

approach, typically used in traditional face-to-face classroom teaching, towards a 

learner-centric approach (Zhang and Nunamaker, 2003). With the flexibility of e­

learning systems, a learner-centric approach can be achieved much more easily than in 

traditional classroom teaching. In a learner-centric situation, emphasis is placed on 

relevance, personalisation and learner flexibility in time and location (Zhang and 

Nunamaker, 2003). Focussing on the learner allows individual learning contexts such 

as background and learning profiles to better fit the learning activities designed for e­

learning. With a better fit, better learning outcomes have been reported for the learner­

centric approach in e-Iearning (Beam and Cameron, 1 998). E-Iearning systems  have 

the necessary ingredients to provide personal isation using the learner profile and 

learner context, and provide learners with access flexibi l ity in time and location . 

53 



Hence in the process of packaging content for the learner one should consider 

personalisation as advocated by constructivist theory. In multiplatform e-Iearning 

systems, personalisation can combine with different accessing devices and contexts of 

use that compl icates the learning process. This aspect may need further investigation 

in order to understand its influence on learners. 

Second, to achieve personal isation, it is necessary to look at more than one 

criterion to characterise a learner in order to achieve optimal performance for that 

learner (Tavangarian and Lucke, 2002). The criteria for personalisation could focus on 

various learner characteristics such as the ability to concentrate, previous knowledge 

and interests (Zhang and Nunamaker, 2003). The ability to concentrate depends on the 

learner' s environment and motivational factors. The tracking of previous knowledge 

can be captured in a learning history. In multiplatform e-learning systems, it might be 

necessary to distinguish static and mobile learning histories due to the mobi l ity of 

mobile devices. Learner interest depends on learner preferences such as learning style 

and presentation preferences. Learning style has been identified as a key factor that 

influences learning satisfaction . Learning style comprises the characteristic 

behaviours of learners that serve as relatively stable indicators of how they perceive, 

interact with, and respond to the learning environment (Keefe, 1 979). For learners 

whose learning styles are concrete and experimentation-activity oriented, computer­

assisted instruction would be an appropriate option (Reiff and Powell, 1 992). In 

addition to learning style, other aspects such as content, form of presentation, time 

needed, level of difficulties and organisation of subject matter can also be adapted to 

provide personalisation. The abil ity to track learner progress is an important factor in 

personalisation. Whitehurst, Powell ,  and Izatt ( 1 998) developed a dynamic 

mechanism to keep track of the learning progress of individual learners to allow an e­

learning system to adapt an appropriate level of materials for each learner, making 

their learning more effective. The system was developed with a student model as a 

means to determine the current knowledge state of the learner. The student model then 

keeps track of what the student knows, what content the student has gone through and 

the learner profile. The dynamic personalised learning profile contains the learner's 

learning style, interests and preferences, problems encountered and so on. For 

multiplatform e-learning systems, criteria for personal isation would require 

categorising capabil ities for various accessing devices to m inimise the different sets of 

profiles and complexity. For example, Dreyfus and Dreyfus ( 1 986) offered a simple 
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method of personalisation by classifying learners into five levels so that customisation 

could be achieved without involving too much complexity. The five learner levels 

used are novice, beginner, competence, proficiency, and expertise, which are 

identified as being useful for actual implementation. 

Thus strong evidence supports the importance of learner preferences and learner 

profiles in influencing learning in an e-Iearning system. The key issue that concerns in 

this research is how these learner characteristics and their relationships vary from 

traditional PC based e-learning systems across different accessing platforms as in 

multiplatform e-Iearning systems. 

3.3.2 Motivation 

Besides personal isation, motivational factors can directly influence learning and 

should be considered in multiplatform e-learning systems. There is a high correlation 

between motivation and learning success. Indeed, accord ing to Dornyei (200 1 )  

motivation i s  one o f  the key factors that determine the rate of and success in language 

proficiency attainment. McCombs and Vakil i  (2005) in their learner-centred e­

learning framework identified four research validated domains that affect learning. 

These domains include meta-cognitive and cognitive, affective and motivational, 

developmental and social, and individual differences factors. The motivational factor 

has been singled out as one of the key principles in the learner-centred e-Iearning 

framework. The motivational and affective factors further included three principles 

(McCombs and Vaki li, 2005) .  First, the principle of motivational and emotional 

influences on learning identified that what and how much is learned is influenced by 

the learner's motivation. Motivation to learn, in turn, is influenced by the individual ' s  

emotional states, beliefs, interests and goals, and habits of thinking. Second, the 

principle of intrinsic motivation to learn identified that the learner's  creativity, higher 

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

motivation is stimulated by tasks of optimal novelty and difficulty, relevant to 

personal interests, and providing personal choice and control .  Lastly, the principle of 

effects of motivation on effort identified that the acquisition of complex knowledge 

and ski lls require extended learner effort and guided practice. Without learners' 

motivation to learn, will ingness to exert this effort is unl ikely without coercion. The 

learner-centred framework identified that learning is strongly influenced by learner 

motivation and motivation is influenced by the learner' s emotional state (McCombs 
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and Vaki li, 2005). By modifying the emotional state it i s  possible to alter a learner' s 

motivation and change their learning satisfaction. 

Motivation can be encouraged or el icited by various means. The motivational 

framework of e-Iearning (Duchastel, 1 997) asserted that an e-Iearning system provides 

the opportunity to elicit learner motivation through the richness of multimedia and to 

improve learning satisfaction. Besides multimedia capable of altering learner 

motivation, Perry (2003) reported that having a fashionable mobi le device itself can 

spur motivation. However, fashionable does not mean that the device or technology 

needs to be complex or unfamil iar. It was reported that students were excited and 

highly motivated when they were given PDAs in an experiment on using mobile 

devices. This observation is important as the goal of multiplatform e-Iearning systems 

is to further support mobile devices in addition to traditional devices. Urgency of 

learning need may affect motivation for mobile usage (Chen et aI . ,  2002). Chen et al .  

(2002) identified that one of the characteristics of mobile learners is the urgency of 

learning need. Gribbins et al . (2003) also identified situational factors such as urgency 

and mobil ity that could influence usage and the impact of technologies on the 

organisation. Schrott and Gluckler (2004) concurred that when communications were 

urgent and stationary infrastructures were not available, mobile devices were used 

more frequently. More generally they suggested that conditions of stress and the need 

for immediate communication will alter user's behaviours into using mobile devices. 

Conversely, it is l ikely that learners may associate the devices with stress if they 

mainly decide to use mobile devices in urgent situations in comparison to a standard 

desktop PC . Urgency can alter learner characteristics such as motivation and the 

adoption of mobile learning. Push technology that al lows a central system to send 

information spontaneously and quickly to an end-user, without action on the part of 

the user or mobile device such as W AP or SMS can be used to del iver urgent content 

to learners. In addition, integrating different types of mobile phone ring tones could 

possibly alter learner states of emotion and motivation. While urgency of need can 

alter motivation, there are also secondary factors such as speed of network, duration 

of transfer and cost that can create barriers to use and influence the overall learning 

satisfaction (Pippow et aI . ,  2002) .  Neutralising these barrier factors could possibly 

alter motivation as well. Use of simple and fami l iar technology has shown that it can 

improve learner motivation and organisation (Mayer, 2002). For example, Kennedy 

and Sugden (2003) revealed the merits of using text messaging as a means of 
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communicating with the learners. This increased their use of email and improved 

overall communication thus resulting in better learner satisfaction. Using games as 

learning tools can also alter motivation. The combined use of voice, language, sounds 

and 3D movement can contribute and possibly creates a feeling of urgency 

(McMullen, 2004). This aspect wil l  be useful to elicit sense of urgency during the 

experiment and in real situation. 

These studies c learly i llustrated that motivation and s ituations that induce 

changes in motivation can influence learning. In the multiplatform e-learning systems 

environment, there is a need to investigate how m uch motivat ional factors influence 

learner satisfaction. Wil l  increased motivation caused by a mobile device compensate 

for its l imitations with respect to learning satisfaction? 

3.3.3 Environment 

Besides personalisation and motivation which have been shown to h ave effects on 

learning, the learner' s environment is crucial to the effectiveness of learner/system 

interaction . Environmental factors should be considered careful ly in the multiplatform 

e-learning system due to the mobil ity of mobile devices. Environment is defined as 

whatever in the world provides a surrounding in which the machine is supposed to 

operate (Finkelstein et ai . ,  2002). While this definition is rather broad, the term 

machine can refer to an e-learning system and the term surroundings can be treated as 

the learner and their current context. Context is defined as any information that can be 

used to characterise the situation of an entity. An entity is a person, place or object 

that is considered relevant to the interaction between a user and an application, 

including the user and application themselves (Anind, 200 1 ). Thus environmental 

parameters and context are two c losely related concepts. 

According to the above definition (Anind, 200 1 ), context can include any factors 

that characterise the learner/e-learning interaction. In multiplatform e-Iearning system 

scenarios, a learner can access the e-Iearning system from various devices any time 

and anywhere. These devices could be mobile or stationary such as kiosks, TVs, PCs, 

PDAs, mobile phones, smart phones or hybrid devices. The environmental factors and 

the context of use are l ikely to vary substantially and are naturally more dynamic 

(Owen et aI . , 2003) in multiplatform e- Iearning systems than traditional e-Iearning 

systems.  Comparing the environmental parameters and context of use of the 

traditional classroom e-Iearning system to that of a multiplatform e-Iearning system 
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the prevai ling scenario is commonly characterised by a noisy background and multi­

tasking (Tamminen et al., 2004), and is motivated by self exploration. According to 

Ayres and Wil l iams (2004), for a learner with young chi ldren, the home environment 

may not be conducive for productive learning because children can be noisy and they 

are l ikely to demand priority attention from a parent (learner) who is physically 

present. Such a scenario highl ights the noisy, multitasking, interruptive and self 

exploratory characteristics of the mobile scenario which is l ikely to be the case for the 

multiplatform e-learning systems operating scenarios. 

Therefore it is necessary to take environmental factors into consideration in 

multiplatform e-learning systems. A good example that justifies such concern is the 

mobility and learning environment research at site K3 (Jonsson et al . ,  2002). That 

research focuses on engaging people in the design of their everyday environments and 

deals with enabling concentration and in-depth meeting places for groups in an open 

and relatively noisy environment (Jonsson et al., 2002). Besides a noisy environment, 

Dunlop and Brewster (2002) suggested that because learners are mobile they will not 

have many of the props around them to support work (e .g. notes on desks) and are 

l ikely to have a far from ideal working environment and that this environment wil l  

change drastically as the learner moves. They suggested taking mobil ity into design 

consideration. Thus to achieve effective design in multiplatform e-learn ing systems it 

is important to consider these factors, but there is also a need to investigate further the 

degree of influence these factors can have on learning satisfaction. Will  these factors 

only be transitional and thus have less impact once the learner adapts to the 

environment? 

3.3.4 Feedback and communication 

Besides personalisation, in the e-learning environment there seem to be evidence 

of growing communication between learner and instructor (Zhang and Nunamaker, 

2003). Because learners have the flexibil ity in time and location to obtain guidance, 

help and feedback from instructors in e-learning systems, e-learning systems are 

usually perceived as having greater opportunities for communication than in a 

traditional classroom (Burgstahler, 1997; McCloskey et al., 1 998; Marold and Haga, 

2004) . These findings and perceptions are based on a traditional e-learning system 

using a desktop PC with standard keyboard and screen .  In the context of 

multiplatform e-learning systems, it is l ikely that the communication component 
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would be weakened due to the ergonomic l imitations of mobile devices in terms of 

ease of input and the l im ited screen size for presenting content and multimedia 

delivery. In a multiplatform e-Iearning system environment how would the factors 

concerning communication such as guidance and help as perceived by the learners 

influence them? Wil l  they perceive these factors to be less critical as they presumably 

understand the circumstances of use or wil l  they have equal demand for the service? 

Instant face-to-face (F2F) feedback is an important factor for both teachers and 

learners (Neal and I ngram, 1 999; Mory, 2003; Passier, 2004) . Instant F2F feedback 

helps the teacher to determine the learner' s level of comprehension . Instant F2F 

feedback al lows the teacher to deal with queries that could h inder progress if 

unanswered. While remote learners in e-Iearning environment may not receive the 

simi lar kind of instant F2F feedback available in traditional classroom settings e­

learning systems have the opportunity to integrate various forms of feedback 

mechanisms to make e-Iearning more effective. These feedback mechanisms may 

include onl ine help, onl ine chat, online video conferencing, e-mail, SMS, and 

discussion forum (Neal and I ngram, 1 999; L ian, 2004). However, in a multiplatform 

e-Iearning system scenario, these feedback mechanisms may not be ful ly available for 

learners due to devices limitations. How would learner satisfaction being affected in 

the absent of instant feedback and help? 

3.3.5 Summary 

So far strong evidence has suggested that a learner's profile, preferences, 

motivation, and environment can have an influence on learning. While some of these 

findings may be common to both traditional face-to-face learning and e-Iearning 

situations, multiplatform e-Iearning systems seem to create further dimensions of 

complexity .  Such complexity is due partly to the proliferation of mobile devices and 

their intrinsic ergonomic characteristics such as mobil ity and portabi l ity. W ith 

mobility, the learner can move to a new learning space beyond that of traditional face­

to-face teaching and e-Iearning systems, thus creating new situations that require 

further research . Learner interaction with a multiplatform e-Iearning system is one 

such area of concern. 
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3.4 Device dimension 

Besides content and learner dimensions, e-Iearning systems have an additional 

requirement. E-Iearning content is accessed through some sort of device. Traditionally 

accessing devices have been desktop PCs but cellular phones and PDAs are becoming 

more common (Wending et aI., 2000). Due to the proliferation of mobile devices, the 

use of these devices to access e-Iearning wi l l  challenge the design of the e-Iearning 

systems. Common practices in the design and the use of pedagogy with PC based e­

learning systems wil l  need to be re-evaluated for their suitabi l ity, acceptabil ity and 

adaptabi l ity for mobile device access and for the broader range of multiplatform 

access. Mobile devices differ from traditional PC access in various ways. Mobile 

devices have smal ler displays, l imited input capabil ities, lack of floating-point 

accuracy, l imited colour and sound support, limited application size, h igh latency, 

high interruptibil ity, smaller storage capacity, lower availabil ity due to network 

constraints, lower interconnectivity, l imited sensory capabil ity, lower data transfer 

rate and lower bandwidth (Ericsson, 2002; Brewster, 2002; Dunlop and Brewster, 

2002; Gribbins et aI . ,  2003 ; Harri and Virpi, 2003 ; Nokia, 2003 ; Pennanen and 

Keinanen, 2004; Schrott and Gluckler, 2004; Varshney, 1 999; Wood, 2003). These 

capabi l ities can be classified into presentation, operational and ergonomic capabil ities. 

When designing multiplatform e-Iearning systems, ignoring how these capabi l ities 

influence learners may result in poor learner satisfaction and ensuing refusal to 

continue using the systems. Therefore there is a need to examine these capabil ities in 

relation to learner satisfaction. 

3.4. 1 Device capabilities and characteristics 

Wood (2003) provides a useful comparison between different devices with 

respect to cost, prevalence, portabi l ity, mobil ity, weight, power, functionality, 

memory and storage capacity as depicted in Table 3 . 1 .  The portability and mobil ity 

features, which are part of the ergonomic capabil ities, are stronger in mobi le devices, 

while other factors, mainly the operational capabil ities, are weaker in mobi le devices. 

This implies that multimedia content designed for PC based e-Iearning systems cannot 

be b l indly transferred to mobile devices without giving consideration to the amount of 

memory, processing speed and display ofthe mobile devices. 
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Mobiles PDAs Tablet PCs Laptops Desktops 
Handsets are 
often free with 

Cost 
contracts, £0 -

£80 - £500 
£800 -

£650 - £3000 £500 - £2000 £450 for the £ 1 800 
new 3G 
models 

Essential 

Teenagers 
More 

Only just 
More office 

commonly commonly equipment, 
Prevalence never seen 

found in 
hitting the 

found in not as 
without them!  

business 
market 

business common in 
the home 

Easily fit into 
Just about fit Can be 1N0rmal ly 

Need several 
Portability 

pockets 
into large carried in carried in a 

boxes Ipockets one hand case 
One hand to 

Can be used Difficult to Impossible to Can be used hold and one 
Mobility 

with one hand to operate pen 
l ike a use on the use on the 

or keyboard cl ipboard move move 

70 - 1 00g, 1 .2kg -
Several 

Weight 1 25 - 1 80g 1 .2kg - 3 .5kg cumbersome, 200g for 3G 1 .8kg 
heavy items 

Power 
2- 1 3  hours 8 hour battery Battery life 3

" 
hour battery Mains 

talktime l ife 3-5 hours l ife connection 
Phone, Scaled down 

Equivalent organiser & version of 
WAP desktop OS, 

to desktop 
Equivalent to 

Functionality 
functions, now with 

OS, plus 
desktop 

N/A 
handwriting 

include MP3, handwriting 
recognition 

camera, video recognition 
Memory N/A 32 - 64MB 256MB 256MB 5 1 2MB I(typical) 

Storage 
300 - 1 000 
contacts, up to 

capacity 64MB in new 
1 28MB 40GB 40GB 240GB 

(typical) 3G units 
(All figures are approximations as at March 2003) 

Table 3.1 Comparing devices' capabilities and characteristics (Wood, 2003) 

By investigating the usage of web and mobile services, Harri and Virpi (2003) 

observed four main differences with respect to context of use. These differences are 

the device itself, the network, the user and the usage context. These perspectives are 

valuable for e-leaming systems design because e-leaming systems can be seen as 
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integrated web and service architecture (lMS-AF, 2003 ; J ISC-ELF, 2004; LTSA, 

200 1 ;  Sakai, 2005). In fact, some of these observations coincide with the 

multiplatform e-Iearning system framework (Goh and Kinshuk, 2002) despite using 

different terminologies. These observations  indirectly support the direction of the 

current research work. The constraints and concerns regarding the operational 

capabil ities of mobile devices suggest that mobile devices might not be useful for all 

purposes. Mobile devices are best used for l imited and appropriate purposes (Harri 

and Virpi, 2003). For example, they should not be targeted for high performing 

advanced graphical transformations or content fi ltering operations. 

These examples i l lustrate that operational and presentation capabi lities are both 

relevant and important. The adaptive process must take these into consideration, 

especial ly in the multiplatform e-Iearning systems. 

3.4.2 Ergonomic 

While the operational and presentation capabil ities of mobile devices are 

significant in multiplatform e-Iearning systems, ergonomic capabil ities are equally 

relevant. An interesting study of how famil iar users were with operating their mobile 

devices found that the users were not as famil iar with using their mobile devices as 

they were with web browsing on a PC (Harri and Virpi, 2003). Another observation 

was that users of mobile services not only have highly varied needs, they often tend to 

be impatient. Consequently these behaviours not only result in stronger demand for 

the e-Iearning design to match the devices' ergonomic factors, e-Iearning design also 

needs to match the learner's situation. Thus in multiplatform e-Iearning systems, the 

demand for the content to suit the ergonomic factors of a variety of devices would 

certainly have an influence on learning. How these ergonomic factors interact and 

influence learners is part of the current investigation . 

Mobil ity and portabil ity capabi l ities are stronger in mobile devices than in PCs 

(Wood, 2003). Research has shown that mobile users are generally "on the move" 

(Harri and Virpi, 2003). Even though they might be stationary whi le using the system, 

the surrounding environment can be very noisy and distracting and may require multi­

tasking from the users. Schrott and Gluckler (2004) also identified the difficulty of 

inputting data using mobile devices. Generally text input that uses a small keyboard or 

type-recognition keyboard is less comfortable than a conventional keyboard in most 

mobile devices. These observations suggest that the task complexity of e-Iearning 
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content must be simplified when it comes to mobile device access. A l ight, s imple and 

informative approach appropriate for the situation can potentially achieve a better 

learning satisfaction. 

Slow establ ishment of a connection between a mobile device and the e-learning 

system may be perceived by some users as being difficult to use. The speed of 

connectivity in most mobile devices can influence usage and adoption. Generally 

speaking, mobile devices with Bluetooth, GPRS or Wi-Fi connections are slower than 

a PC with a direct LAN connection .  Poor connection speed can create a barrier for 

learning using mobile devices. Thus connection speed must be taken into 

consideration in multiplatform e-learning systems design. 

3.4.3 Perceived usefulness and limitations 

Besides focusing on the l imitations of mobile devices, there is a need to take 

advantage of the perceived usefulness of mobile devices. Perceived usefulness can 

lead to better adoption of multiplatform e-learning systems. Wood (2003) identified 

several positive as well as negative aspects of mobile devices in terms of learning. 

Wood's  findings are re-organised below into presentation, operational, and ergonomic 

capabil ities in Tables 3 .2(a) and 3 .2(b). Presentation capabil ities include the screen 

and display, and browser capabilities. Operational capabi lities involve device 

hardware, software, security, and inter-connectivity capabi l ities. Ergonomic 

capabil ities comprise of ease of use, portabil ity and mobil ity. Tables 3 .2(a) and 3 .2(b) 

clearly show that these capabil ity factors have positive and negative effects on 

learning. The design of multip latform e-learning systems must also consider the ways 

in which these factors relate to each other in influencing learning. 

Table 3.2(a) Perceived limitations 

Presentation issues 

Screen and Display 

• Mobile phone and PDAs have small screens which limit the amount and type of information that 

can be displayed. 

• Mobile devices lack of common platform (eg. different sized screens-horizontal screens with 

some handheld computers, small square screens with mobile phones etc) which can be difficult to 

develop content that will work anywhere. 

• Animation can be difficult for some mobile phones. Future 30 and 40 system will eventually 
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allow this. 

Operational issues 

Hardware 

• Mobiles devices have limited storage capacities. 

• Batteries require regular charging, and data can be lost on some devices if this is not done 

correctly. 

• Mobiles devices are much less robust than desktops. 

• Mobiles devices are more difficult to upgrade and limited potential for expansion . .  

• Mobiles devices lack of connectivity and interoperability, though new technologies such as 

Bluetooth and wifi are getting common. 

• Mobile devices have security issues when accessing wireless networks. 

• Bandwidth may degrade with a larger number of users when using wireless networks. 

• Mobile devices can become out of date very quickly in an fast-moving market. 

Ergonomic issues 

Ease of use 

• Users may require extra training in order to be able to use the devices effectively. 

• Mobile devices may face difficulties with printing, unless connected to a network. 

Portability and M obility 

• Mobile devices are easily lost or stolen than desktops, more attractive to thieves. 

Table 3.2(b) Perceived usefulness 

Presentation 

Screen and display 

• Using standard software, some mobile devices can draw diagrams, maps, and sketches directly 

onto a tablet. 

• Mobile devices facil itate just-in-time learning/reference tool for quick access to data in the field 

e.g. accessing step-by-step guides to help you achieve a task. 

• Some mobile devices could trace an image directly onto the tablet's screen. 

• Mobile devices can take notes directly into the device during outdoor lessons or on field trips, 

either typed, handwritten or voice. 

Operational 

Hardware-Communication 
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• Mobile devices allow sharing of assignments and facilitate collaborative working. Students can 

pass the device around a group, or "beam" the work to each other using the infrared function of a 

PDA, or a wireless network such as Bluetooth. 

Software 

• The handwriting recognition software In PDAs and tablets has been found to help improve 

students' handwriting skills. 

• SMS can be used to get information (e.g. timetable changes) to staff and learners more easily and 

quickly than phone calls or email, for example. 

• Mobile devices can be an assistive technology for learners with learning difficulties. 

Ergonomic 

Portability and mobility 

• Students can interact with each other instead of hiding behind large monitors. 

• Mobile devices require far less space in a classroom than several desktops. 

• PDAs or tablets holding notes and e-books are l ighter, less bulky and easier to carry than bags full  

of files, paper and textbooks, or even laptops. 

• Mobile devices can be used anywhere, any time, including at home, on the train, in hotels-such 

places are conducive to learning because you cannot be disturbed by meetings, you are often alone, 

it might be quiet-this is invaluable for work-based training. 

Ease of use 

• Handwriting with the stylus pen is more natural than using keyboard and mouse. 

• Mobile devices can be used for electronic registration and inputting data in practical lessons or 

outdoors where desktops are not appropriate or too cumbersome e.g. science experiments, 

kitchens, and farms. 

• Stylus pens are much more natural for web browsing. 

• Annotate work using stylus pen can be more easily and naturally. 

Motivational 

• Mobile devices can engage learners. Young people who may have lost interest in education do like 

mobile phones, gadgets and games devices .. 

• Mobile devices can increase motivation and personal commitment to learning and encourage 

responsibility. 

• Mobile devices generally cheaper than desktops can contribute to narrow the digital divide. 

3.4.4 Summary 

The devices used for accessing e-learning systems have a strong influence over 

the outcome of learning, and that the situations where the devices are used also affect 
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the learning satisfaction. For multiplatform e-learning systems to be successful the 

device presentation and operational capabi l ities (such as screen and display, device 

hardware and software, device inter-connectivity capabilities), ergonomic capabil ities 

(such as ease of use, ease of input, ease of browsi ng, ease of navigation, portabi l ity 

and mobi l ity), and motivation factors due to trend iness of mobile devices must be 

explored and investigated to further take advantages of these factors in enhancing the 

learning satisfaction. 

3.5 Communication dimension 

The content, learner and device dimensions can be viewed as the three main 

pillars of e-learning. To allow concurrent usage and to allow access and delivery of e­

learning content at any time and any location through various devices would demand 

the support of a suitable communication network. A communication network that 

effectively faci l itates the interactions between learner, device, and the e-learning 

system is critical to the overall learning satisfaction . To enhance understanding of the 

communication factors that influence multiplatform e-learning systems, th is section 

discusses communication characteristics, gives an overview of wireless 

communication technologies and examines the relationship between perceived quality 

and methods of delivery of e-learning content. 

3.5. 1 Communication characteristics 

Several issues regarding communication characteristics that m ight have an 

influence on learning in the multiplatform e-learning systems shall be examined. First, 

a communication channel can be simplex or duplex. In traditional e-learning systems, 

it is normally duplex with the downstream much faster than the upstream. In 

multiplatform e-learning systems, duplex may not be the only kind involved. In a 

simplex situation, learning content can be broadcast to learners without the possibi l ity 

of interaction. This requires the e-learning system to adapt content appropriately. 

Second, different kinds of communication channels exist for various devices. 

While in traditional e-learning, content is normally accessed on pes through a LAN, it 

is now common to find laptops and mobile devices equipped with more than one 

communication channel. Wireless LAN, Bluetooth and IR are typical . These 

communication channels are not equal in terms of bandwidth speed, range, quality 
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and cost. In muItiplatforrn e-Iearning systems, the type of communication channel 

avai lable depends on the device and its location. This adds complexity to the design of 

the content del ivery on multiplatform e-Iearning systems and its influence on learners. 

Third, the actual throughput between the e-Iearning system and the accessing 

device is governed by the available bandwidth, the device's data input/output (I/O) 

speed and the browser rendering speed. These factors are eventually perceived by 

learners as the waiting time or response time of the e-Iearning system. These factors 

can therefore directly affect the learning satisfaction. 

Fourth, d ifferent types of communications network present different levels of 

"ease of use". For example, using SMS for e-Iearning m ight be easy for most young 

people but using W AP and micro browsers might be a barrier. Using a PC to access e­

learning content m ight be easy for most learners but using a PDA to synchronise and 

download content may be difficult for them. Though throughput is crucial, the 

subsequent method of delivering content wil l  influence learners as wel l .  

This set of characteristics i l lustrates that handling communication issues is not 

straightforward. Communication channel properties can intertwine with content, 

devices, location and learner in ways which are more profound in multiplatform e­

learning systems than in traditional e-Iearning systems. 

3.5.2 Wireless communication technologies 

As mentioned earlier, overall  throughput of a network depends on the type of 

communication network avai lable to the device in use; they must match each other to 

achieve optimal content delivery. While the deployment of the network depends on 

requirements for bandwidth, range, and transmission power, the adoption and usage of 

technology normal ly depends on the perceived usefulness, perceived ease of use, and 

other factors such as cost, according to technology acceptance model (T AM) (Davis, 

1 989, 1 993). Wire less communication networks being deployed today can be 

classified into one of four segments (Inte l, 2005): Personal Area Networks (PANs), 

Local Area Networks (LANs), Metropolitan Area Networks (MANs), and Wide Area 

Networks (WANs). These segments sometimes overlap with each other. For example, 

a location can be covered by both a Wi-Fi and 3G network. 

In PANs typical network coverage is up to ten metres, but performance varies 

depending on the standard employed. The B luetooth IEEE 802. 1 5 . 1  standard is 

primari ly used for unwiring computing and communication peripherals, such as a 
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computer to a printer or a handset to a headset. B luetooth is rated up to 1 Mbps in 

performance data rates. The second standard is the I EEE 802 . 1 5 .3 standard. It is 

designed for delivering multimedia services. It supports data rates over 400 Mbps, 

allowing for v ideo of digital video disc quality to be shared throughout the home. I n  

this case the PAN becomes a high-speed Personal Area Network. 

Wireless local area networks can cover a greater distance than PANs, normally up 

to 1 00 metres. Standards based LANs typically service more applications and users 

than PANs do. A LAN aggregates PANs. The wireless standard associated with LANs 

is IEEE 802. 1 1 .  Three major rev isions to the physical layer have been released. 

802. 1 1  a supports bandwidth speeds up to 54 Mbps with operating frequency of 

5GHZ; 802. 1 1  b supports bandwidth speeds up to 1 1  Mbps with operating frequency 

of 2 .4GHZ; and 802. 1 1  g supports bandwidth speeds up to 54 Mbps with operating 

frequency of 2.4GHZ. The maximum range of 802. 1 1  g devices is slightly greater than 

that of 802. 1 1b devices, but the range in which a client can achieve full (54 Mbitls) 

data rate speed is much shorter than that of 802. 1 1  b. Using directional antennas or 

implementing pre-standard Wi-Fi mesh topologies can increase performance beyond 

54 Mbps and can cover over 1 0  km using the 802. 1 1  standard. 

The wireless MAN aggregates LANs and typical ly covers areas up to 50 km. 

Both WiMAX and copper wire technologies are used in this usage segment. WiMAX 

is a wireless Metropolitan Area Network technology that provides interoperable 

broadband wireless connectivity to fixed, portable and nomadic users. It provides up 

to 50 km of service area. WiMAX al lows users to get broadband connectivity without 

the need for direct l ine-of-sight to the base station, and provides total data rates up to 

75 Mbps. 

W ANs aggregate MANs across large geographic areas. A WAN uses a variety of 

communication media to pass along large amounts of traffic from the various MANs. 

The most common medium used is fibre optic l inks. This set of high-speed, high­

bandwidth interconnections is referred to as the core network. The performance of 

WAN networks is up to 10 Gbps and depends on the type of traffic the network 

handles. 

Evidently communication speed and coverage can vary substantial ly .  E-Ieaming 

contents that are designed for video delivery in a broad band network and a non 

roaming environment are unl ikely to satisfy learners in a low bandwidth channel and 

local ised environment. These factors must be taken into consideration in the design of 
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multiplatform e-Iearning systems. The multiplatform e-Iearning systems potentially 

face several kinds of wireless communication channels. While some of these channels 

may be transparent to users, the multiplatform e-Iearning systems must have the 

capabil ity to determine the overall response and delay in order to faci l itate appropriate 

delivery of content. 

3.5.3 Perceived quality and methods of delivery 

The wireless communication technologies reviewed so far suggest that there is a 

range of possible connection speeds available to mobile devices that are equipped 

with the necessary communication hardware. The implication is that in multiplatform 

e-Iearn ing systems there are l ikely to be preferred and optimal ways to transfer the 

learning content from the source to the destination devices. However, the preferred 

and optimal ways might not match each other with respect to quality, ease of use, and 

pedagogy. For instance, Shim (2002) adopted SMIL and video streaming technology 

in an e-Iearning evaluation using a PC. The preference was to deliver the content in 

real time. Because learner geographical locations were diverse, the bandwidth 

conditions were not consistent, so the surveyed learners expressed several concerns 

about the use of SMIL and video technology in e-Iearning. While no quantitative data 

were presented on learner satisfaction, learners were concerned about network speed, 

network traffic, network qual ity, rel iability of the channel, reliabil ity of the server and 

qual ity of the video. Thus not only is response time important, but unreliabi l ity can 

also cause a poor learning satisfaction. One solution to the problem is to change the 

mode of delivery to offline mode. This alters the learning satisfaction. Other solutions 

include real time computation of the actual throughput of the system and provide the 

optimised and compressed content to the learner. In the event that no good option is 

avai lable the multiplatform e-Iearning systems must be capable of providing 

alternative del ivery modes other than real time del ivery. 

The effectiveness of these techniques is also considered by several researchers. 

For instance, bandwidth has been considered a key qual ity component in the A WCD 

system (Chen et aI., 2000; Ma et aI., 2000). The A WCD system computes the 

avai lable throughput and provides the necessary adaptation of multimedia content to 

the user. Similarly, in another adaptive system developed to reduce the user-perceived 

latency in web content delivery, Nakano et al. (2002) integrated transmission time 

control and transmission order control mechanisms which ultimately m onitor the 
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available bandwidth for in line objects content delivery. The obj ective is to maintain 

real time del ivery and there is a general understanding that shorter perceived response 

time enhances the user's satisfaction. Without adaptation, trying to fit all scenarios i n  

one form i s  l ikely to degrade the learner satisfaction. Network adaptation i s  

recommended for sudden disconnected events (Kappel et a I . ,  2003). Examples of 

these are user voluntary disconnection to avoid disturbance, or because the battery 

becomes empty or network connection i s  lost due to travel ling. Consequently, 

variations in bandwidth conditions make adaptation in either the content or the 

methods of del ivery almost a necessity to achieve good learning satisfaction. 

Similar concerns were also reported by Attewell (2005). While mobile phones 

and PDAs are capable of del ivering learning objects and providing access to onl ine 

systems and services, in general, network infrastructure and coverage are lagging 

behind handset development. As a result, bandwidth is  sti l l  an issue for fu ll mobile 

learning, and coverage and signal problems are sti l l  barriers in many areas and while 

users are in motion .  Attewel l  (2005) suggested a mixture of online learning and 

learning using materials down loaded onto handheld devices for using offline. 

These examples strongly support the idea of alternative del ivery modes to alter 

the perceived qual ity experienced by the learners in the event that poor response time 

and poor stabi l ity are encountered during multiplatform e-learning access. 

3.5.4 Sum mary 

The variations i n  network speed due to different wireless technologies in use and 

the various types of device commun ication capabil ities and the context of use suggest 

that del ivering content to learners is neither static nor straightforward . Extending the 

research to multiplatform e-learning systems, the e-learning systems must adapt to 

different avai lab le bandwidths for different modes of del ivery commonly operating in 

a multitude of devices.  The mode of delivery must be able to adapt to real t ime onl ine 

mode, pre-fetch ing mode, and off- l ine synchronisation mode. These modes of 

adaptive del iveries will need to be val idated for their relationsh ip in enhancing 

learning satisfaction as it not only reduces perceived response time but also changes 

the pedagogy and user interfaces in most instances. 
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3.6 Coordination dimension 

Previously four critical dimensions were identified that are challenging e-learning 

systems today. These dimensions, which are grounded by research, theories and 

technologies, have considerable impact on learners. It is argued that in multiplatform 

e-learning systems, the appropriate use of the attributes within these four dimensions 

in design and delivery of e-learning content can provide a more positive influence on 

learner satisfaction. The dimensions that have been discussed, such as content, 

learner, device and communication dimensions are interdependent. These dimensions 

can also conflict with each other. For instance, when rich multimedia content is 

desired for delivery but the communication channel is not able to provide the 

necessary bandwidth then there is a conflict between content and communication. In 

another instance where navigation within the content is through i mage and hotspot but 

a mobile phone is in use, such navigation techniques become inappropriate, creating 

conflict between content navigation and device. Thus certain coordination efforts are 

needed to harmonise these factors. Even if the situation does not generate conflict, the 

interdependency of the factors requires coordinating the sequence of activ ities such as 

reading the device profile, learner profile and context profile, transformation of 

content, and creating navigation and interaction activities. These tasks must be 

executed in a timely and orderly fashion. The discussion so far i l lustrated that 

coordination is a value added effort which should be analysed carefully within the 

context of multiplatform e-learning systems. It should be treated as relevant not only 

to the e-learning systems developer but also to the instructors who provide the 

content. The theory of coordination (Malone and Crowston, 1 990) supports current 

observation that coordination is critical when it comes to ensuring the execution of 

separate tasks in time, in the right order and of the right quantity (Reezigt, 1 995 cited 

in Crowston et aI., 2004). Precisely, the theory of coordination defines coordination as 

"managing dependencies between activities" (Malone and Crowston, 1 990). 

The outcome of a properly coordinated effort enables concerted actions between 

interdependent units (Thompson, 1 967) and accomplishment of a larger goal (Singh 

and Rein, 1 992). With respect to the multiplatform e-learning systems, the outcomes 

of appropriate coordinated efforts thus enable the right content to be delivered via the 

right mode, with the right navigation, for the right interaction, to the right devices, 

through the right communication channel, at the right time and to the right learner to 

achieve the goal of a better learning satisfaction. In this  regard, the relevancy of 
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coordination theory and practical implementation in web service coordination with 

respect to multiplatform e-Iearning systems shall be examined. 

3.6. 1 Coordination theory 

Coordination theory identifies several common dependencies. One such 

dependency which is relevant to present case is the producer/consumer or flow 

dependency. Producer/consumer dependency dictates that one task creates a resource 

that is needed by another. Three sub-dependencies have been identified, which have 

been labelled fit, transfer and precedence (Malo ne and Crowston, 1 994). The fit sub­

dependency means that the resource created by the first task must fit the needs of the 

second task. The transfer sub-dependency means that the resource must be moved 

from source to destination where the consuming task wil l  be performed. And final ly, 

the precedence sub-dependency means that the learner performing the second task 

must learn when the resource is available and the task can be started. To il lustrate the 

flow dependency, let us consider a learner using a mobile phone to access e-learning 

content. The coordination theory suggests first to examine the "fit" requirement. Thus 

the learner profile, device profile and communication channel are to be read and 

examined. Once these have been done, the adapted content is "transferred" to the 

destination through a communication channel. The learner needs to wait for content to 

be completely downloaded.  Once the "precedence" content has been successfully 

down loaded, the learner can subsequently perform the task of learning the content. 

To overcome these coordination problems, the learner must perform additional 

work, which Malone and Crowston ( 1 994) of MIT Center for Coordination Science 

call coordination mechanisms. Learner's abi lity to perform off-line downloads may be 

considered as coordination mechanism. To manage a fit sub-dependency, the content 

resource must be tailored and adapted to the needs of the learner (meaning that the 

learner profiles, prefe�ence information, and device capabi lity information must be 

provided for the system). Coordination theory also suggests alternative coordination 

mechanisms, resulting in different processes. Different adaptation to content can be 

considered as alternative mechanism. Coordination theory suggests that, given the 

need to achieve a goal, one way to generate alternative coordination mechanisms is to 

first identify the particular dependencies and coordination problems faced by that goal 

and then consider what alternative coordination mechanisms could be used to manage 

them. In particular, new computing technologies can support coordination techniques 
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which contribute to system design. For example, the coordination mechanisms of 

reading the learner profile, device profile, and communication channel can be 

alternatively implemented using multi-agents technologies such as Knowledge Query 

and Manipulation Language (KQML) instead of server side technology to coordinate 

and negotiate between different agents such as learner, device and communication 

agents and del iver through content agents. Thus coordination theory is not only 

conceptually logical but it is also practically viable with respect to deploying current 

technologies. Besides agent based technologies, web services coordination is another 

possible solution. 

3.6.2 Web Services Coordination 

Web Services Coordination (WS-Coordination) is a proposed IT industry 

standard (WS-Coordination, 2005) on how individual Web services can interact with 

each other in order to accomplish an application task. WS-Coordination is one of a 

series of specifications from an industry group that i ncludes IBM, Microsoft, and 

BEA Systems.  Not surprisingly, the use of service architecture is common in modern 

e- learning architecture. For instance, the JISC, IMS, and Sakai e-learning frameworks 

comprise appl ication serv ices and common services. These services may call other 

services, creating dependencies on each other. Services are intended to be modular, 

reusable and portable across environments. The coordination theory with respect to 

alternative mechanisms can be applied in this instance where learner profile, device 

profile, and communication channel can be treated as application services and 

common services and content delivery can be treated as service transactions. Thus it is 

possible to use the WS-coordination standard to val idate the coordination theory. 

3.6.3 Summary 

The concept of coordination theory and standards such as WS-Coordination and 

agents based coordination provide strong evidence that coordination activities are 

necessary for interdependence activities. The multiplatform e-learning systems 

concept contains many interdependencies within the framework. The coordination 

dimension is clearly relevant in multiplatform e-learning systems. For example, 

content depends on the learner, the learner depends on the device, and the device 

depends on communication. Coordination needs to harmonise these factors to achieve 

a larger goal (Singh & Rein, 1 992) of enhanced learner satisfaction. Thus the 
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multiplatform e-Iearning framework advocates that coordination is one critical 

dimension with in the framework. Coordination efforts should be considered from the 

beginning. 

3.7 The multiplatform e-Iearning system framework 

So far several factors that support the formulation of the multiplatform e-Iearning 

system framework have been examined, analysed, compared, synthesised and 

justified. It is necessary now to consolidate these findings to provide an overall  view 

of the multiplatform e-Iearning system framework, and the key d imensions and sub­

dimensions within the framework. Each dimension is i l lustrated with several example 

attributes. The framework intends to serve three purposes. F irst, it should provide a 

preliminary phase for requirement analysis similar to the information system 

architecture (Zachman, 1 987) for the construction of future muIt iplatform e-Iearning 

systems. It should serve as an initial expandable template that allows system analysis 

to capture users' requirements. Second, it should serve as a guidel ine for system 

implementation. A framework is useful only if it can be operationalised. The 

multiplatform e-learning system framework has been operationalised to validate its 

usefulness in an implementation which wil l  be discussed in the next chapter. Third, 

the framework should serve as a resource instrument for evaluating learner 

satisfaction while using a multiplatform e-Iearning system. The adaptation framework 

was first published in Goh and Kinshuk (2002) and subsequently refined in Goh and 

Kinshuk (2003 ; 2004; 2005) who also describe the competency principles necessary 

for operation of multi platform e-learning systems. 

The multiplatform e-learning system framework can be organised into five core 

dimensions : content, learner, device, communication and coordination dimensions. 

Some of these dimensions may also relate to the traditional e-Iearning systems, 

however the adaptation requirement, learning satisfaction perspective, multiple 

devices access requirements and context of use such as the learner dimension and 

device dimension would differ greatly in operation compared w ith the traditional e­

learning settings. Each of these dimensions includes various sub-dimensions as 

depicted in Table 3 .3. These dimensions and their sub-dimensions and the 

competency principles that constitute the multiplatform e-Iearning system framework 

wil l  be examined in more detai l  in fol lowing sub-sections. 
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Table 3.3 Multiplatform e-Iearning system framework 

Content Dimension Learning module Organisation Granule Pedagogy 

Text Modular Beginner Teaching strategy 

Multimedia Hierarchical Intermediate (Guideline) 

M ixed Advanced 

Expert 

Learner Dimension Environment Motivation Learning Profile Preference 

Presentation 
Quietness Urgency Static learning history 

preference 

Available of help 
(Trendy technology) 

Mobile learning 
Learning preference 

Self exploration history 

Multitasking 

Presentation Operational Ergonomic 
Device Dimension 

Capabilities Capabilities Capabilities 

Media player CPU Platform (input) 

Screen Memory Browser 

Browser Power Portability 

Sensor Mobil ity 

Networking 

Communication 

Dimension Delivery Quality Connectivity 

Real-time Perceived response Wired 

Synchronised 
Perceived stability Wireless 

(off-line) 

Pre-fetch 

Coordination Software & 
Navigation Interactivity Presentation 

Dimension Algorithm 

Link Forms Display Script 

Button Parameters Transform Servletl Server page 

Hot spot Variables CGI 

Option Feedback Agent 

List Cookies Web service 

3.7.1 Content dimension 

The content dimension represents the actual content and knowledge base of the e­

learning system .  It  includes various sub-dimensions. The organisation sub-dimension 

describes how content presentation should be organised. Attributes such as modular, 

h ierarchical and mixed structure are the main considerations. Another sub-dimension 
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is the granularity level of the content that indicates the level of difficulty of the 

content presented to the learner. This may include beginner, intermediate, advanced, 

and expert levels. The learning module sub-dimension represents the learning objects 

of the actual material. It is normally represented by text or multimedia versions of the 

content. Multimedia includes the use of text, audio, animation, video, 3D v ideo, and 

so on to represent the content to the learner. The pedagogy sub-dimension represents 

the teaching models (strategies) that the system adopts, for instance activity based and 

problem based learning. Teaching guidel ines can also be considered here. 

Competency Principle 1 :  

The multiplatform e-learning system must have the competency to select the 

appropriate content organisation structure, learning content, granularity and 

teaching strategy, and deliver the content according to the engaging situation. 

3.7.2 Learner dimension 

The learner dimension consists of environment, motivation, learning profile and 

preference sub-dimensions. The environment sub-dimension represents the actual 

social and situational factors surrounding the learner when the system is in use. The 

environment may be very noisy. The social environment m ight require self 

exploration without external help or even involve multi-tasking and interruptions. 

Different environments such as cafes, hot spots and classroom situations wi l l  have to 

be treated differently. The motivation sub-dimension reflects the emotional aspect of 

the learner such as urgency of need or the acquisition of new devices motivated by a 

desire for trendy gadgets. The adaptation must take into account various motivations 

and emotions involved in using the system. The learning profile sub-dimension of the 

learner dimension includes the static learn ing history and mobi le learning history 

attributes. These attributes capture the complete learner profiles. These are normally 

represented by parameters such as date of module completion, weight and score, time 

taken, date of last access, device access type and so on, depending on the algorithms 

used in determin ing the learner profile. Static learning history captures information 

when a learner is engaged in a traditional e-learning environment. Mobile learning 

history captures learner information when a learner is using mobile devices or in other 

learning scenarios. The learner preference sub-dimension contains presentation 
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preference and learning preference attributes. These are nonnally represented by 

parameters such as preferred difficulty level, background, font and learning style. 

Competency Principle 2: 
The multiplatform e-learning systems must have the competency of organising, 

extracting and utiliSing the learner information to best suit the content to the learner. 

3.7.3 Device dimension 

The device dimension consists of the presentation, operational and ergonomic 

capabi l ity sub-dimensions .  The presentation capabil ities sub-dimension relates to 

presentation attributes such as the media player, screen and browser. The operational 

capabi l ities sub-dimension relates to the hardware aspect of the device such as CPU, 

memory, power, network interface and sensory capabi l ities. The ergonomic 

capabi l ities sub-dimension relates to the ease of use of the device such as the 

mechanism for inputting text, ease of use of the browser interface such as navigation, 

and the portabi l ity and mobil ity capabilities of the devices. 

Competency Principle 3:  

The multiplatform e-learning systems must have the competency of identifying and 

utilising some or all of the capabilities of the devices. 

3.7.4 Communication dimension 

The communication d imension relates to the qual ity of the network and the 

del ivery mode. Within this dimension, there are three sub-dimensions. The 

connectivity sub-dimension consists of attributes such as wired and wireless 

connection in the learning situation. Wired connections can be dial-up, ADSL, or 

LAN. Wireless connections can be 802 . 1  1 (a,b,g,s), wireless mesh networks, b luetooth 

or infrared. The qual ity sub-dimension relates to the perceived response and perceived 

stabi lity of the system from the learner perspective. The del ivery sub-dimension 

relates to the mode of delivery such as real-time onl ine mode, pre-fetching and offline 

synchronisation mode. 
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Competency Principle 4: 

The multiplatform e-learning systems must have the competency of deciding which 

mode of operation is best suited for the communication conditions. 

3.7.5 Coordination dimension 

The coord ination dimension represents the software and algorithm sub-dimension 

of the application, the presentation sub-dimension, the interactivity sub-dimension of 

the application and the navigation sub-dimension. In any adaptive system, these 

dimensions must be well coordinated to provide the learner with a good learning 

experience. The software and algorithm sub-dimension contains the script language 

and server page language, agents' communication, or a web service coordination 

standard to control the flow of the appl ication from generating content, feedback, 

interactivity and navigation sub-dimensions. The presentation sub-dimension l inks to 

the final transformation and display of the content to the learner. The interactivity 

sub-dimension represents how the user information can be sent as feedback to the 

application. Within the http protocol, these normally use web forms, post and get 

techniques, and cookies for registration and communication of parameters and 

variables. The navigation sub-dimension provides manoeuvres and control within the 

web pages and appl ications usually implemented with anchor l inks, buttons, hotspots, 

options, and l ist boxes. For instance, in the communication dimension mentioned 

earl ier, when a learner operates under a synchronisation sub-dimension, certain 

interactivities in the coordination dimension have to be dropped and cookies and 

scripts must be activated to store interactivity information such as the answers to a 

test. The coordination dimension here can provide these adaptations. 

Competency Principle 5: 

The multiplatform e-Iearning systems must have the competency of effectively 

isolating the content, presentation, navigation and interaction components and 

subsequently integrating them seamlessly and effectively. 

3.8 Summary 

The multiplatform e-learning system framework has been presented in this  

chapter. The framework identifies the core competency dimensions needed for the 

operation of adaptation. The framework identifies five dimensions that influence 
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learning satisfaction and the effectiveness of the adaptive measures that are likely to 

lead to better learning satisfaction of using the multiplatform e-learning systems. 

However, two issues remain. First, these factors must be validated against their 

influence on learning satisfaction. Second, adaptive measures - taking into account 

these parameters in the multiplatform e-learning system implementation - need to be 

validated under multiplatform environments. To address the above issues, a prototype 

has been implemented using the framework. The prototype has been used for the 

validations and wil l  be discussed in a later chapter. 

To formulate the multiplatform e-learning systems framework, one can examine 

the foundation through various e-learning definitions. From structural analysis of 

these definitions, content, learner, device, and communications dimensions are 

identified to support e-learning systems. To further support the operation of these 

dimensions the need for a coordination dimension is identified. These five dimensions 

set the foundation of the multiplatform e-learning systems. 

In the content dimension, pedagogy, multimedia In the learning module, 

organisational structure of content, and granularity are shown to affect learning. 

Multiplatform e-learning systems represent a new environment that has yet to be ful ly 

explored. The current research examines how these dimensions behave and interact in 

this new environment. 

In the learner dimension, strong evidence had suggested that learner profile, 

learner preference, motivation, and environment can influence learning. Due partly to 

the proliferation of mobile devices and their intrinsic ergonomic characteristics such 

as mobil ity and portabi l ity, multiplatform e-learning systems create further 

dimensions of complexity beyond that of traditional e-learning systems. 

The device dimension reveal s  that accessing devices and the context have 

considerable influence on learning. In designing multiplatform e-learning systems, 

device presentation capabil ities and ergonomic capabil ities should be explored and 

adapted to facilitate meaningful learning. 

Next, the avai labil ity of various communication channels and a multitude of 

device communication capabil ities result in wide deviations in available bandwidth 

and response time. Also, the quality and connectivity sub-dimension and 

communication dimension require multiplatform e-learning systems to be capable of 

adapting different modes of delivery for different levels of bandwidth. The modes of 

del ivery identified are real time online mode, pre-fetching mode, and offline 
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synchronisation mode. The relationships between different modes of delivery and 

learning wil l  require validation. 

Finally, in order to coordinate several dimensions to achieve the necessary goal of 

del ivering content to learners, the coordination dimension is necessary. The concept 

of coordination theory, the WS-Coordination standard and agents based coordination 

technologies provide strong support for the coordination dimension. 
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Chapter 4 Overview of technologies and system implementation 

In the previous chapters, the multiplatform e-Iearning system framework has been 

reviewed and formulated. For the framework to be useful there is a need to validate its 

usefulness. Usefulness can be demonstrated through successful implementations as wel l as 

by transforming the framework into an instrument for the purpose of evaluation. Thus the 

main objective here is to demonstrate its usefulness through a successful implementation. 

To ach ieve this goal, it is necessary to focus on four aspects that account for the necessary 

technologies underpinning the prototype implementation. First aspect focuses on mobile 

content design, drawing on the experiences gained and guidel ines for implementation. 

These key experiences include browser experience, F lash design experience, and Pocket 

PC (PPC) design experience. Second aspect focuses on transformation technologies. These 

include XML XSL T, DOM, and MSXML development and programming technologies. 

Third aspect focuses on implementation relationships between several entities. These 

entities include the current framework, the derived logical architecture, the prototype 

system and various implementation technologies. The mapping, l inkages and relationships 

between these entities wil l  be highl ighted. Last aspect intends to focus on giving examples 

via a comparative walkthrough to il lustrate the different aspects of the multiplatform e­

learning system with different accessing devices. 

4. 1 B rowsers experience 

For mobile phone content design, the Openwave Phone Simulator version 6.2 was 

initially adopted and later the Opera browser was used that comes with the Nokia 6600 

smart phone. The Open wave Phone Simulator is a PC-based mobile phone simulator for 

devices with Openwave client software (Openwave, 2003). The Openwave simulator 

Software Development Kit version 6.2 and mobile browser were used during the first 

phase of design and during the course of a pilot evaluation. During that time the SDK 

version 6.2 was the latest version avai lable. It was also chosen because at that time the 

telecom network and the supported mobile phones were all using the Openwave mobile 

browser. Besides, Frost and Sul l ivan ' s  (2003) analysis and testing revealed that Openwave 

is a better browser than NetFront v3 . 1 and AU Mobile Internet C lient; particularly due to 

its superiority in offering additional menu options/features, and due to the seamless overall 

browsing experience that it offers. Another reason was the popularity of the Openwave 

mobile browser estimated to capture 5 1  % market share in 2003 . Several other features 

come with the simulator such as the Openwave Messaging Cl ient and the capabi lity of 
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supporting test services using XHTML Mobi le Profile 1 .0 with Cascading Style Sheets 

(CSS) and MMS-SMIL without the use of any gateway, making it a good starting tool. 

XHTML Mobile Profile and CSS provide application developers with significant benefits 

by enab l ing a more standardised, portable, efficient and cost-effective development 

environment for creating multiplatforrn web applications. This offers a better option than 

having an actual phone. In addition to supporting the XHTML mobile profile it also 

supports WML, cHTML, and W AP push. It was also one of the few SDKs that deployed 

UAProf and user agents while standardisation is sti l l  in a draft stage. Thus it provides a 

possible test scenario .  Other SDKs such as those developed by Nokia and Ericsson were 

tested but gave unsatisfactory user experiences and support and were excluded from the 

design. One shortcom ing at that time was that none of the micro browsers were supporting 

Java Script. This contributes several obstacles in bandwidth and media player detection. 

Several specialised server scripts and html meta tags were used to resolve the problems. 

The Opera browser version 6. 1 that comes with the Nokia 6600 phone was eventually 

used for the final evaluation. Opera browser has simi lar capabi lities as the Openwave 

micro browser but it has a PC version with a smal l screen rendering function. This feature 

al lows immediate comparison between PC and mobile devices and has proven to be very 

useful .  However when it comes to actual devices such as the Nokia 6600 there were some 

lim itations and differences when it encountered a table structure. The initial idea of using 

Nokia 6600 was to use Bluetooth to pass through Internet connections with the 

synchronisation util ity in the phone which is simi lar to using IPAQ and active sync 

software. The reason for doing this way is to save on connection costs. However the Nokia 

6600 phone was reported to be locked down by the vendor and this approach was no 

longer feasible. A real connection was eventually used. 

Compared to a W AP browser, the mobile browser makes it easier to adapt PC-based 

web user interfaces to handheld devices. The design is more intuitive and easier to use, 

and thus narrows the gap between PC and mobile experiences. However the needs of a 

mobile learner are often quite different from a desktop PC learner in an e-Iearning 

environment. Such differences must be taken into consideration in the design of the 

multiplatform system . 

4. 1 . 1  Browser design guidelines 

Designing for mobile devices is different from large-screen devices as noted by several 

studies (Openwave, 2005a). Mobile devices may render web pages differently due to many 
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factors, such as browser variation, device variation, rendering engine, and mobile 

gateways. Designers must take these factors into consideration to ensure that an e-Iearning 

system performs within expectations for use with different mobile devices. Some of the 

experiences gained from implementation and from Openwave's  design documentation are 

summarised. These guidelines can be generalised to other browsers and devices and are 

thus not necessarily restricted to Openwave supported devices. 

i. Text input 

Text input is generally difficult in most mobile devices. Using a Dual-tone multi­

frequency (DTMF) keypad and stylus input is cumbersome compared to a ful l  keyboard. 

Designers should avoid making users input long texts and use selection and links if at all 

possible. In the multiplatform e-Iearning context, multiple choice assessments seemed 

more appropriate than short answer assessments. 

H. Screen 

Mobile devices display screens are small and about 1 20 pixels in width, which is 

about 1 /  1 0th of the size of the 800 or 1 024 pixels screen size of a typical desktop computer 

where most users wil l  have some difficulty reading complex pages. I n  the multiplatform e­

learning context, summarised and concise text may be more powerful in conveying the 

information than using images. I nteractive multimedia wil l  have limited success when the 

screen is very small .  

Hi.  Speed 

Mobile processor and transfer speeds are generally slow. H igh-end mobile devices on 

high-speed networks are going to be slower than computers attached to high-speed - or 

even dial-up - networks. I n  the multiplatform e-Iearning context, alternative modes of 

del ivery such as offline and pre-fetch may need to be adapted to minimise the perceived 

delay which might affect learner satisfaction. 

iv. Mobility 

Learners can be mobile. Roaming learners have different goals, tasks, and 

environmental constraints than a learner who is sitting in front of a computer or is 

stationary. In the multiplatform e-Iearning system context, the adaptation process must 

either take advantage of the situation or take the constraints into consideration . For 
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example, audio can be provided if the surroundings are quiet, or it could be he lpful to 

minimise any further multitasking activities such as additional inputs. 

v. Navigation 

Every extra keystroke, navigation, link and selection in mobi le devices is l ikely to 

degrade usabil ity. Design should avoid forcing learners to scrol l  through the entire page. 

In the multiplatform e-Iearning context, proper use of l inks that allow easy navigation 

within the pages and site should be adopted instead of relying on the forward and back 

buttons available in most mobi le devices which occasionally change to other functions if 

the user is not careful. 

vi. Cost 

While cost may not be an issue during the research phase, data transfer costs are likely 

to be higher for mobile access than normal access and should be minim ised. Designers 

should avoid a huge amount of data transfer if at all possible. Alternative data transfer 

modes such as synchronisation should be included in the design from the beginning. With 

respect to the multiplatform e-Iearning context, image adaptation and scaling should be 

done by the server rather than the c l ient, even if the client has the capabi l ity, to reduce the 

data transfer. 

vii. Gateway validation 

Gateways, which are normally provided by carriers, can affect how content is 

rendered. Some gateways are strict and may al low only validated XHTML Basic through; 

they may translate graphics, and they may do other things. Again, a usabi lity test is 

needed. 

viii. Layout 

Most mobile devices display in portrait rather than landscape format. A mobile user 

views the top first on mobile devices. Horizontal navigation bars, tabs, and side-by-side 

positioning should be avoided as they can cause usabil ity problems. This applies to most 

mobile phones regardless of browser type. A portrait format is adopted in the 

multiplatform e-Iearning system implementation . 
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viii. Tables 

Different devices may render tables differently. For instance, different devices enable 

different types of navigation; users may have to scrol l  horizontally through each row 

before being able to scrol l  downward. The Opera browser behaves this way, which makes 

navigation extremely unpleasant. Sometimes tables are rendered wider than the screen. 

Such experiences wi l l  cause frustration and usabi lity problems. 

ix. External CSS 

Applying external CSS to an entire site can reduce the amount of downloading. 

However many browsers do not cache the CSS and can cause repeated down loads for each 

page the user visits. This is costly and creates delays. Further, when the CSS is 

downloaded, the already-displayed content may jump around to render the new styl ing. 

Thus in the multiplatforrn e-learning system, XSL T was adopted for presentation style and 

logic instead of using external CSS. 

x. Background images 

Background images should be kept very small and reused if possible to reduce 

downloads. Some devices do not support background images, so the design must work 

wel l  with and without backgrounds. Some browsers do not support coloured text, so it is 

important to be aware that such text could become unreadable if it merges with the 

background. No background images were used in the multiplatform e-learning system 

implementation to provide a consistent look. 

4. 1 .2 Summary 

These design guidel ines suggest that del ivering content to mobile devices is far from 

ideal and unexpected outcomes may occur if no consideration is given to the variables that 

affect the rendering process. While various guidelines are suggested, they are by no means 

foolproof. In multiplatform e- learning implementation, several iterations and evaluations 

are necessary for m inim ising usabi l ity problems. This is also why a framework must also 

provide a way for evaluation to be conducted. This study has addressed these issues as 

wel l .  
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4.2 Flash experience 

To deliver interactive multimedia for mobile devices one of the key requirements is 

the abil ity to del iver low-bandwidth animations, presentations, and dynam ic data-driven 

content. Currently there are two possible options avai lable : using SVG-tiny (scalar vector 

graphic) or using Flash from Macromedia. SVG-tiny is an emerging standard for mobile 

devices championed by Adobe. At the time of implementation, SVG-tiny was sti l l  in draft 

form. Moreover there is a lack of good authoring software that supports SVG-tiny. Thus 

during the time of implementation, Flash offered the best option. However future 

implementations should monitor the development of SVG-tiny. It is a technology that has 

great potential. Flash offers a rich set of capabil ities such as action scripting capabil ities, 

variety of components and templates, and server-side connectivity for rapidly creating 

engaging applications, such as e-Ieaming (Flash 2003a, 2003b). According to NPD online 

research (NPD, 2005), F lash Player currently has a penetration of up to 98 .7% worldwide 

while SVG p layer has only 1 1 .5%. This is another reason why Macromedia Flash was 

adopted for the design of interactive multimedia e-Ieaming content in this study. 

4.2.1  Macromedia Flash Player 

One of the key advantages of Macromedia Flash (F lash, 2003a) is its reusabil ity that 

can be used by a wide range of browsers, platforms, mobile and smart devices. These 

include Flash Player 6 for Microsoft Pocket PC PDA and Pocket PC Phone Ed ition 

devices. In addition, many major phone vendors are supported with Macromedia Flash­

lite . Thus a Flash object is capable of supporting and being util ised by various devices 

with minimum alteration. Moreover, F lash fi les are compact, making them perfect for 

wireless carrier networks where transfer rates range between 9.6 and 60 ki lobytes per 

second (Kbps). Thus Flash is appropriate for the multiplatform e-Ieam ing environment 

where connecting speed varies widely. 

Flash offers two types of players: ActiveX (DLL) and stand alone player (SAP). When 

using an ActiveX player, direct loading and playing is not supported.  Thus content 

adaptation must be util ised to eradicate this sl ight problem. F lash content must be 

embedded within an HTML file through either hard coding or adaptation via 

transformation. The F lash Stand Alone Player (SAP) for Pocket PC is a client-side 

appl ication. It  allows flash content to be distributed together with a p layer and al lows 

stand alone playing. This aspect seems to be advantageous if the e-Ieaming content is all 

flash. Where there is a separation between Flash content and other e-Iearning content, an 
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ActiveX version seems more appropriate. Moreover, SAP i s  not free (unlike F lash Player) 

and is rather expensive. Thus in the multiplatform e-Iearning system the ActiveX player 

was adpoted. 

4.2.2 Design issues with Flash and Pocket PC 

Flash is a very powerful application:  almost any type of content can be created in Flash 

for the Pocket PC platform. However, designing Flash content for a Pocket PC (PPC) is 

not as straightforward. Due to l imitations of devices and browsers, several design issues 

require specific attention. These issues include performance, usabi l ity, technologies and 

optimisation (Flash, 2000b). During the course of implementing the multiplatform e­

learning system, several useful and relevant experiences were gained which can be 

summarised below: 

i. Flash object 

When using an object tag in HTML to embed the Flash object, the pixel option is to be 

used instead of the % option . The codebase attribute in the <OBJECT> tag should be 

deleted as the player is not down loaded in this manner. The <EMBED> <IEMBED> tag is 

not supported in pocket Internet Explorer and should be removed. Reducing unnecessary 

markup can lighten the entire transfer and allow a faster transfer and rendering. 

ii. Screen orientation 

Pocket PC al lows portrait and landscape orientation, yet most designers and users are 

not aware of this option. Using a landscape orientation for the interface might suit the 

functional ity and purpose of some appl ications. For example, in module 2 of the e-Iearning 

system that deals with the subject content regarding lens, using landscape orientation can 

provide a more complete view of the ray tracing than portrait orientation. 

iii. Fonts and text 

For applications or static graphics, F lash with embedded text can be used. PPC devices 

include Tahoma and Courier fonts. These fonts render wel l  on b itmap displays at all 

resolutions, which is ideal for use on smal l screens were adopted in the multiplatform e­

learning system. In general, most sans-Serif fonts d isplay better than Serif fonts. Serif 

fonts tend to lose their details on screens, creating a blur effect and should be avoided. 
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iv. Colour balance 

Pocket PC has good colour depth from 4,096 to 65,535 colours. However PPC display 

technologies are not as advanced as desktop monitors and often have low contrast. Highly 

contrasting colours are therefore recommended to anticipate mobile environments. A lso, 

graphics should have a high contrast ratio between colours and crisp edges in the details of 

the picture. B lue or black and white background was adopted. 

v. Navigation 

Navigation is an important usab i lity factor in interactive F lash design. Factors 

influencing navigation design for Flash content are the amount and type of content, type of 

navigation, purpose of the application and user input method. Proper navigation design is 

required to ensure that all parts of the content are easily accessible without traps. In PPC, 

Flash objects can be dragged and moved across the display. This characteristic is seldom 

exploited and users are usually not aware of such navigation. In the muItiplatform e­

learning system implementation and evaluation, every participant was taught how to drag 

and move the Flash object across the display. A usabil ity test is essential to achieve 

maximum satisfaction. 

vi. Sound 

Flash Player 6 for Pocket PC 2002 can be used to deploy sound, music videos, mobile 

entertainment, and animations. However, sound consumes large amounts of processing 

power and precious power resources. In current implementation the used of sound was 

minimum. 

vii. Animation 

Factors that influence the speed of animation are the amounts of animation, visual 

effects such as the use of tweening, masking, motions, alpha blending, complex vectors, 

and key frame selections. The amount of animation should also consider the processor 

speed and capabil ities along with pedagogical considerations. Uti l is ing a capabi l ities 

check can avoid unsatisfactory user experiences. Simple Flash was adopted without 

complicated tweening in the multiplatform e-Iearning system. 
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4.2.3 Summary 

Using F lash for mobile devices is not straightforward. It is unlike designing with the 

PC in m ind. More comprehensive testing is required to ensure better usabi l ity . Whi le  Flash 

i s  supported by various devices there are stil l  various sl ight differences between the 

devices. F inding a common denominator that works across each device with minimum 

modification is a cost effective choice. Many design aspects differ from the PC 

perspective. These differences support the assertion that an adaptive multiplatform e­

learning system is needed to provide a better learning satisfaction. The technologies that 

enable the multiplatform e-leaming system to be implemented are sti l l  evolving while the 

system is developing. The development of these technologies in the future will only 

further extend and enhance the capabil ities of multiplatform e-leaming systems without 

affecting the underlying multiplatform e-learning system architecture. For instance, the 

processing power and memory of the devices will al low faster processing and decrease 

delays. The development of SVG-tiny al lows interactive multimedia development for 

mobile devices instead of relying on Macromedia Flash . The full  compl iance of JavaScript 

wi l l  al low design to be more consistent across different platforms. 

4.3 Pocket PC experience 

The IPAQ pocket PC PDA was adopted as the accessing platform for two reasons. 

F irstly, the Pocket PC operating system is very simi lar to the PC based operating system 

and most students who are using Windows operating system may find the learning curve 

m uch shorter (Jeong & Lee, 2004). Secondly, the documentation and SDK for the Pocket 

PC are readi ly avai lable to begin the design from the simulator. The SDK was adopted for 

the initial design. However experiences showed that while designing from a simulator is 

cost effective, it is not exactly the same as the real device. For instance, B luetooth support 

cannot be realised using a simulator, Flash objects cannot be supported, there is no stylus 

support, no sense of mobil ity and portabil ity, and the web setup is lost after the simulator 

is closed. Besides, there are many more features requiring attention in the real device . 

Nevertheless, simulator can provide a good starting point. 

4.3. 1 Design issues with Pocket PC PDA 

There are several key features of the Pocket PC that are relevant to and affect the 

design of multiplatform e-leaming systems. A brief summary is provided below (pPC, 

2000). 
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i. Display 

The ful l  screen size on a Pocket PC is 240 by 320 pixels but the actual estate that can 

be used depends on various situations. The usable content area in Pocket Internet Explorer 

(PIE) is 229 by 255 pixels. The optimal size for displaying content is a maximum width of 

220 pixels without the appearance of horizontal scrol lbars at the bottom of the screen. If 

the content exceeds 245 pixels in height, it wil l  trigger the vertical scrol lbar. Pocket PCs 

contain a built-in software keyboard. When activated, it consumes 240 by 81 pixels of 

screen space. This means that user input through textboxes or forms on a web page has a 

smaller width area and should not be exceeded. 

ii. Connectivity 

The Pocket PC can be used in two ways to access Internet content: direct TCP/IP 

connection through a wireless Flash modem or using an adapter (IR, B luetooth) with 

mobile phone and desktop pass-through. Alternative ly, disconnected offline operation is 

possible via caching the data through mobile favourites and synchronisation. I n  the 

multiplatform e-Iearning system evaluation, the B luetooth wireless pass-through 

connection method was used to al low control labil ity and mobil ity. 

iii. Scripting 

Pocket lE supports only a subset of the HTML 3 .2 standard. The latest browser can 

handle HTML 4.0 and XHTML. The latest pocket PC supports JScript 3 .0 but not in full .  

The t ime variable is in seconds rather than mi l l iseconds. VB Script is not supported by the 

browser. Pocket lE cannot open multiple browser windows; it uses a single window only. 

Script errors are also turned off by default. There is no support for CSS; instead, XSL style 

sheets can be used. Scripting not supported in fu l l, making delay estimation rather 

challenging in the multiplatform e-Iearning system implementation. Also, web forms must 

be designed in a defined order for the scripting to work correctly. 

iv. User interface 

Designs using a stylus or touch screen must consider the size of the user interface (UI). 

Pocket PC has a .24 dot pitch display. For a stylus UI  a size of 5 .04mm or 2 1 x2 1  pixels is 

recommended. For a finger UI a size of 9. 1 2mm or 3 8x38 pixels is recommended. These 

sizes could be increased to compensate for viewing at an angle. In the multiplatform e-
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learning system implementation, there is always a need to balance the size of the VI 

objects with in in the F lash multimedia object. 

v. Simplicity and clarity 

Simple user interface that meets the required task should be used in order to avoid 

overloading the user with a complex user interface. Commands for critical features should 

appear in a prominent area such as a menu, while advanced and less-frequently used 

commands can be in a less prominent area such as a submenu or settings dialogue. In the 

multiplatform e-learning system, simple text anchors or buttons were adopted for marking, 

reset and for page navigation. 

vi. Dialogue box 

The use of dialogue boxes can reduce the visibility of relevant information. Feedback 

should be used appropriately and within a reasonable time. In the multiplatform e-Iearning 

system implementation, the use of dialogue boxes is minimised. For example, a feedback 

message box was used in the assessment module. 

4.3.2 Summary 

The selection of the IPAQ PDA with the pocket PC 2002 operating system for 

evaluation was not a difficult choice. In early 2003, this was one of the top of the line PDA 

available .  While there were rich resources on design guidelines, the SDK emulator, and an 

abundance of online forums, using the IPAQ was not trouble free. There were issues 

regarding its operational capabi l ities such as battery charging, system crashes, B luetooth 

connection, pass-through connection, JavaScript compatibility, and timing precision issues 

just to name a few. These problems were eventually solved though not easily. The lesson 

for multiplatform e-Iearning system implementation was that to achieve consistency and 

rel iable output, algorithmic and presentation operations should be consol idated at the 

server side instead of relying too much on the client's device capabil ities. 
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4.4 Transformation technologies overview 

Transformation technologies allow a minimum set of content to be deployed without 

dupl ication efforts, minimising content maintenance problems. Whi le there are many 

techniques to achieve content adaptation, as reviewed in chapter 2, the W3C standards and 

directions have been adopted in the current practice. Thus an overview of the technologies 

that faci l itated the system implementation is necessary. These technologies include XML, 

XSL T, DOM, and MSXML. 

4.4.1 XML overview 

XML is a W3C standard (W3C, 2005). It permits interchange and communication of 

structured textual data between computer software programs. An XML document is 

written in a simple text format which is easily constructed by any text editor. There are a 

few reasons why XML was adopted in the implementation of the multiplatform e-learning 

system. First, using the XML standard can facilitate the web service framework adopted in 

many e- learning standards. Naturally this provides a future extension plan for the 

multiplatform e-learning system framework. Second, XML separates data from 

presentation .  It allows e-learning content such as text and multimedia to be separated from 

the presentation type and format of the end user devices. This requirement is necessary in 

the multiplatform e-learning system as the system potentially faces a multitude of different 

accessing devices. Listing A. I in Appendix A shows an example of the learning modules 

used in the multiplatform e-learning system implementation that separate the text, data, 

and multimedia content. Third, to faci l itate collaboration between e-learning systems, 

there is a need to pass data between applications and to different e-learning systems. For 

instance, learning content can be reused for other e-learning systems; learner profiles may 

need to be transferred to other systems as well .  An XML based standard document allows 

such flexibil ity of data exchange. Separation of content from presentation also al lows 

manipulation of content such as summaries, aggregation or extraction of content to suit the 

learner. 

An XML document can be defined using a Document Type Definition (DTD) or an 

XML schema to describe the data. XML with a DTD or XML schema is designed to be 

self-descriptive. Listing A.2 in Appendix A shows the XML schema for the learning 

module as in Listing A. I .  Displaying the XML document itself is of no benefit to the 

learner. The XML document needs to be converted in such a way that a learner can easily 

understand the content. In a web based e-learning system, transforming XML to HTML 
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format al lows learners to easily understand the content. Therefore XML to HTML 

transformation is adopted in the multiplatform e-learning system design and 

implementation. 

Besides the need for transforming XML to HTML, there is a need to transfer data 

between application and XML files. For instance the learner profile and the assessment 

output may need to transfer data to each other for updating profile which requires XML 

document methods such as extraction and saving. Other transformations may require 

extracting and combining data from one set of XML documents to generate another set of 

XML documents. To perform these tasks, XSL T were used to achieve these requirements. 

4.4.2 XSL T overview 

XSL T is capable of either transforming one XML document into another XML 

document or it can transform XML documents into other text-based formats (XSL T, 

2000). There are two stages involved in the transformation. The first stage is a structural 

transformation. During structural transformation, the structure of the incoming XML 

document is converted to the structure of the desired output document. The second stage is 

formatting. In the formatting process, the new structure is output to the required format 

such as HTML, WML or another XML. To accomplish the transformation, it is necessary 

to invoke an XML parser. There are two principal APls for parsing XML: the Simple API 

for XML (SAX) and the Document Object Model (DOM). The discussion wil l  focus on 

DOM (DO M, 2005) as it is used in the current implementation. 

The DOM API parser interrogates XML document and builds a tree- l ike object 

structure in the memory. XSL T manipulates this tree-like structure directly rather than the 

XML document. Using high-level declarative language, XSLT can navigate around a node 

tree, select specific nodes and perform complex manipulations on these nodes. To prepare 

for transformation, the transformation rules must first be defined. These rules are based on 

defining a template that generates the desired output when a particular pattern occurs in 

the input. When a match is found, XSL T wil l  transform the matching part of the source 

document into the resulting document. In the transformation process, X SL T uses XPath to 

define parts of the source document that should match one or more predefined templates. 

XPath is a language for finding information in an XML document. XPath is used to 

navigate through elements and attributes in an XML document. 
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It is useful to distinguish the functions of XSL T and DOM. I n  DOM, the programmer 

is responsible for handl ing the low-level manipulation of information constructs. In XSL T, 

the XSL processor decides the most efficient way to ach ieve the output for the 

transformation required by the style sheet. F igure 4. 1 shows various parts of the 

technologies involved in the XSL T transformation process. This figure can be compared 

with Figure 4.3 of the DOM and programming process. Both methods are involved in the 

current multiplatform e-Iearning system implementation. 

<?XML Version="1 .0"?> 

XML Document 

MSXML 

Matching • 

XSLT 

Transfonm . 

XPath 

Figure 4.1 Technologies used in the XSL T transformation process 

New 
Document 

To deliver adapted content to learners, a three-tiered arch itecture (XSL T, 2000) can be 

adopted as in Figure 4.2. The adapted content can be transformed by web browsers with 

XSL T on the host, or on the user agent, or even on both. Two approaches are possible. 

First, the server can distribute the processing load to XMLIXSL T -aware user agents by 

del ivering a combination of the style sheet and the source information to be transformed 

on the user 's  platform. This approach may cause delays and deliver more than the essential 

data to the c lient. A lternatively, the server can perform the transformations centrally to 

accom modate those user agents supporting only HTML. For the multiplatform e-Iearning 

system the second approach was adopted as most mobile devices have a lower processing 

power. Also consistency of the output may be in doubt if the XSLT is not compatible. 
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Figure 4.2 Server-side transformation architecture 

4.4.3 nOM overview 

Document Object Model (DOM) is another W3C standard (DOM, 2005). DOM is an 

application programming interface (API) for handling HTML and XML documents. It 

defines the logical structure of XML documents through a hierarchy of node objects. The 

nodes in the DOM structures represent objects and a data structure . These objects have 

functions and identities. The data itself is encapsulated in objects. These objects hide the 

data, protecting it from direct external manipulation. The functions associated with these 

objects determine how the objects may be manipulated, and they are part of the object 

model .  Through these nodes, the documents can be accessed and managed. These include 

the interfaces and objects used to represent and manipulate a document, the semantics of 

these interfaces and objects - including both behaviour and attributes - and the 

relationships and collaborations among these interfaces and objects. In addition, scripts 

can be written to navigate within the document structure, to add, modify, or delete 

e lements and content. The DOM is separated into different parts - Core, XML, and HTML 

- and at different DOM Levels 1 12/3 . Core DOM defines a standard set of objects for any 

structured document; XML DOM defines a standard set of obj ects for XML documents; 

and HTML DOM defines a standard set of objects for HTML documents. 

Various objects and methods exposed by DOM are valuable in the multiplatform e­

learning system implementation. These objects are the "DOMDocument ", 

"XMLDOMNode ", "XMLDOMNodeList " and "XMLDOMNamedNodeMap ". To create a 

DOM, the "DOMDocument " object was used. The "Load" or "LoadXML " methods was 

used to load an XML file into the DOM. The "LoadXML " method loads a string 

containing the XML data. To save a parsed XML document to a file, the "Save " method 

was used. 
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4.4.4 MSXML overview 

MSXML (Microsoft XML Core Services) is one of the DOM implementations 

(MSXML, 2005a). MSXML is a parser which allows documents to be loaded or created. 

MSXML also gathers errors, accesses and manipulates the information and structures 

contained within the document, and saves the document back to an XML fi le using the 

save method. The MSXML parser generates the Document Object Model (DOM) that 

presents an easily processed standardised interpretation of an XML document to 

applications and scripts. In the multiplatform e-Iearning system" the implementation takes 

advantage of the methods built into MSXML to manage the XML content, instead of 

creating special ised codes. Figure 4.3 shows the entire process. The MSXML pars er can 

support JavaScript, VB Script, Per!, VB, Java, C++, etc. It has complete XML support, ful l  

DOM and namespace support, DTD and val idation, complete XSL T and XPath support, 

SAX2 support, and Server-safe HTTP. These features fit wel l  with the current 

requirements for the multiplatform e-Iearning system implementation and potential ly 

provide for future extensions such as web services. 

When the MSXML parser loads an XML document into a DOM, it processes it and 

creates a logical model of nodes from the structures and content within the XML 

document. The document itse lf is considered a single node that contains al l of the other 

nodes, including a node representing the root element, which, in turn, contains al l  of the 

element, attribute, and text nodes in the document. In the multiplatform e-Iearning 

implementation, server scripts were written to manipulate these elements for extraction, 

and update XML documents such as the learner preferences and profiles. Listing A.3 in 

Appendix A shows the generation of a DOM tree using the "Server. CreateObject " 

method. The "XML.getElementsByTagName " method is used to access the DOM tree. The 

"XSLProc. Transform " method is used to process the modified XML document. The 

"XSLProc. Output " method is used to display the output to user' s device. 
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Figure 4.3 Technologies used in the nOM process 
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Successful implementation of multiplatform e-learning systems requires effective 

content adaptation . The transformation technologies that involve XML, X SL T, DOM and 

MSXML can be very effective in providing content adaptation with provision for web 

services. Two other areas need attention. F irst, the focus so far is on the transformation of 

text documents; however, technology which enables transformation of vector graphics 

from Flash to SVG when needed is being developed and should be considered. This is so 

because of the development and adoption of SVG-tiny in the next generation mobile 

devices. This development wil l  only strengthen the multiplatform e-learning systems 

framework. Second, the current implementation used the DOM technologies but there is a 

need to investigate the use of SAX with respect to performance (MSXML, 2005b) and 

usabil ity issues in a real environment. 

4.5 Implementation of the multi platform e-Iearning system 

After the overview of various technologies, the implementation of the muitiplatform e­

learning system wil l  be discussed. The implementation closely fol lows the multiplatform 

e- learning framework. It should be emphasised that the framework is technology 

independent and does not dictate which technologies are to be used for implementation. As 

such, there could be many possible instances of implementation based on different 

combinations of technologies, such as autonomous agents and web services technology. 

Technologies aside, the current implementation aims to achieve the fol lowing objectives: 
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(a) To operational ise the framework and validate the usefulness of the framework through 

an implementation. 

(b) To provide a test bed for supporting evaluation and exploring the relationship between 

factors influencing learner satisfaction in different use scenarios. 

Currently the physical design technologies are based on XML, XSL T, DOM, 

MSXML and ASP. The logical design guidel ines and considerations are based on the 

multiplatform framework and the derived architecture. The design framework adopts a 

consistent goal of separating data layer from presentation layer and presentation layer from 

logic layer as far as possible. Thus it is necessary to closely examine the XMLIXSLT/ASP 

approach in achieving the seamless design framework as  wel l  as  looking into problem 

areas and specific technologies involved in the implementation. 

4.5. 1 Multiplatform e-Iearning system architecture 

First, through the multiplatform e-learning system framework formulated earlier, an 

abstract logical architecture is synthesised as shown in Figure 4.4. Each dimension of the 

framework is mapped exactly to each layer of the logical architecture of the e-learning 

system. The equivalent physical architecture model similar to the IMS model (lMS-AF, 

2003) is shown in Figure 4 .5 .  The final system implementation architecture of the 

multiplatform e-learning system is shown in Figure 4.6. The logical representation consists 

of the following five layers: 

i. Content 

This layer represents the actual learning content delivered which wil l  be determined by 

the coordination layer. 

ii. Learner 

This layer authorises learners to gain access to the system . This layer holds the learner 

profile, preferences, environmental context and motivation information. The learner is able 

to gain access to the system through an accessing device. 
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Figure 4.4 Logical architecture of the multiplatform e-learning system 

iii. Device 

This layer represents the accessing device. Nonnally this is represented by the browser 

agent. It also carries the device profiles and network communication protocol .  Content is 

delivered to the device browser and the supporting media software. 

iv. Com m unication 

This layer represents the basic communication infrastructure from browser to device 

gateway and to the Internet backbone. This layer is characterised by its network quality .  

Relevant infonnation is extracted by the coordination layer to determine the mode of  

del ivering the content to the device layer. 

v. Coordination 

This layer represents the logic and is the heart of the multiplatfonn e-learning system. 

It determines which content format is used and how it is delivered to the device browser 

by making a decision based on information gathered from all the above layers. 
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The physical representation consists of the fol lowing core structures: 

i. Core network 

The core network is the primary network that interconnects the servers' computers and 

is normal ly the Internet. This is part of the communication layer in the logical model . 

ii. Access gateway network 

The access gateway network is the network that l inks the accessing device to the core 

network and may consist of telecom fixed and mobile networks, cable networks, and other 

wireless networks. This is part of the communication layer in the logical model .  

iii. Repositories 

Repositories hold the e-Iearning content, learner profi les, device profiles and other 

relevant databases. They aggregate the learner layer, device layer and content layer in the 

logical model. 

iv. Servers 

Servers are the actual systems that hold and support the entire e-Iearning system. This 

is a maj or part of the coordination layer in the logical model . 

v. Learner environment and device 

This comprises the learners, their environment and the physical devices used to access 

the e- Iearning system.  It aggregates the learner and device layers. 

The final multiplatform e-Iearning system developed consists of four learning modules 

as shown in Figure 4.7. Each module consists of two learning concepts and an exercise 

which are linked by an index page. Within each module, there is a Flash interactive 

multimedia simulation to allow learner to explore and verify the learning concepts. The 

Flash simu lation can also be accessed via the revision link. 
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A Physical architecture for adaptive multiplatform e-Ieaming system 

Figure 4.5 A Physical architecture of the multiplatform e-Iearning system (after 

IMS-AF, 2003) 
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Figure 4.6 System architecture of the multiplatform e-Iearning system implementation 

1 02 



Index Page 
-Module 1 
-Module 2 
-Module 3 
-Module 4 

I 

Module 1 Module 2 Module 3 Module 4 
1 . 1  Learning concept 1 2 . 1  Learning concept 1 3.1 Learning concept 1 4 . 1  Learning concept 1 
1 .2 Learning concept 2 2.2 Learning concept 2 3.2 Learning concept 2 4 .2  Learning concept 2 
1 .3 Exercise �.3 Exercise 3.3 Exercise 4.3 Exercise 

I 1 I 

I Sub I Sub J Sub I Sub 
module module module module 

I Sub I Sub I Sub I Sub 
module Exercise module Exercise module Exercise module Exercise 

Sub Sub Sub Sub 
module Flash module F ash module Flash module Flash 

Object Object Object Object 

Learning Learn ing Learning Learning 
Concepts Concepts Concepts Concepts 

Figure 4.7 The multiplatform e-learning system learning content map 
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4.5.2 XML data source 

The use of XML data sources is directly associated with the content dimension 

for storing learning content, the devices profile in the device dimension, and the 

learner profiles and environment factors in the learner model .  While XML is used as a 

data source in order to provide a separation of the data from the presentation, it is not 

adequate. When the multiplatform e-Iearning system requires dynamic feedback from 

the learner through the presentation layers as wel l  as the need to adapt content 

delivery from learner profiles and device capabi l ities, the logic layer intervenes with 

both the data source and the presentation layer. The separation of data and 

presentation alone is not sufficient to handle a dynamic scenario. Thus there is also a 

need to separate the logic from the presentation and from the data to make the system 

easier to modify and update. In this regard, the design approach adopted aims to 

uti l ise ASP for logic, XSLT for presentation, and XML for data with a proximity 

design approach that clusters objects of simi lar usage. The multiplatform e-Iearning 

system uti l ises the fol lowing technologies: 

I .  MSXML parser, MSXML2, MSXML3 and MSXML4 

1 1 .  I ISS, I ISS . l  (window XP Pro) 

i i i .  Active server page 

I V .  XSL extensible style sheet transformation engine 

v. Openwave mobile browser SDK6.2, IE6, IES.S, Netscape 4 .7, I E-CE browser, and 

Opera browser 

V I .  IPAQS4S0 Pocket PC2002, Pocket PC 2003 SDK emulator, and Openwave 

emulator 

vi i .  B luetooth (DBT- 1 20) for wireless access from PDA, Active Sync 3 .S, and Active 

sync 3 .7 

4.5.3 MSXML parser 

The MSXML parser is associated with the coordination dimension. It is mainly 

applied to the content, device, and learner dimensions. The MSXML parser was 

deployed to generate the tree structure from the XML data source to al low navigation, 

extraction, updating and insertion operations to be performed on the XML data files. 

Several issues were encountered during the implementation process. Specifically, the 

object methods in various versions of the MSXML pars er were not consistent. 
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Typically it affected the Globally Unique Identifier (GUID) and Programmatic 

Identifier (ProgIDs) used in the lower version of the MSXML parser. 

By default, lE (5 and 6) uses MSXML2 or MSXML3 as a parser to allow cl ient 

side parsing of XML documents. With respect to coding, using the client side style 

sheet i s  much simpler but it lacks an effective way to produce and track dynamic 

interactions. Therefore the implementation adopted the server side processing using 

XSL T which requires ASP scripting to instantiate the object model and to load and 

parse the XML documents. In addition, the use of the process output method is 

necessary to generate the transformed output and response to the http browser agent 

for viewing. 

4.5.4 Flash Player 6 and Pocket PC 2002/2003 SDK 

F lash Player is associated with the device dimension. In order to view a F lash 

movie, Flash Player 6 for Pocket PC 2002 must be loaded into the PDA. The player is 

an add-on so the F lash movie must be embedded in a web page. Performing this task 

correctly wil l  involve the style sheet transformation and device capabi lities detection 

within the coordination dimension. A Flash movie (swf fi le) cannot be played directly 

from the PDA unless the stand-alone player and F lash projector are avai lable. The 

current implementation also supports F lash Player 6 with Pocket PC 2003 . During the 

implementation process, the Pocket 2003 SDK emulator was used as a PDA device 

without media player support and the adaptive algorithm control in the coordination 

dimension was able to identify the situation correctly and made the necessary 

recommendations to the learner. 

4.5.5 Wireless access 

Wireless access is associated with the communication dimension.  For IPAQ 5450 

the built-in B luetooth can communicate with computers that are B luetooth enabled 

and have access to the Internet. In order to support network access, the B luetooth in 

the desktop or laptop computer must be able to support network access. For current 

implementation, a D-link DBT- 1 20 B luetooth adaptor was used for creating a short 

range wireless access to either a stand alone laptop that ran a web server (XP Pro with 

I IS5 . 1 )  or an office PC connected to a Local Area Network that had I nternet access. 

With the stand-alone laptop, all the content and software were loaded and the PDA 

was able to access the complete e-learning system module. This setup was in 
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preparation for the learning satisfaction evaluation. With B luetooth, the tested 

communication range was about 20-30 metres depending on building obstruction. 

A lso, the distance between the two devices affected the overal l  throughput. Thus the 

setup was usefu l  i n  varying the speed of the communication channel and validated the 

adaptive algorithm in the coordination dimension. 

4.5.6 XML documents 

As stated, the use of XML documents was associated with the content d imension, 

learner dimension and device dimension. A sample XML document associated with 

the content dimension for the exercise module and used in the multiplatform e­

learning system is shown in Listing AA of Appendix A. In the XML document, each 

question is identified by its "ID" and the difficulty level of the question is indicated 

by the tag "Level". New questions with different levels of difficulty can be added to 

the document. The "Level" tag is used to match the level tag in the XML document 

that contains the profile of the learner. Currently the learner profile XML contains 

elements such as level, score, date of last attempt, and user name, to simulate the 

learner profile. Additional tags can be easily extended. The key objective is to achieve 

the abi l ity to extract these properties from an external XML learner profile file from a 

style sheet and perform the match ing or adaptation with in the style sheet to deliver the 

appropriate content to the learner. These transactions validated the functional ity and 

interaction between the learner dimension and the coordination dimension. The object 

method used for the style sheet was the documentO object method in the style sheet. 

Another reason this method was adopted is that the XML data source document that 

contains the questions, answers and hints of the content dimension had already been 

successfully parsed using the active server page method of the coordination 

dimension and some variables were successfully passed to the style sheet using the 

parameter method in the coordination dimension. The documentO object method 

further validates the interaction between style sheet in the coordination dimension and 

XML document in the learner dimension. 

4.5.7 Active server page 

The active server page (ASP) is associated with the coordination dimension. The 

active server page currently consists of three main sections .  Listing A.S in Appendix 

A shows the code of the main ASP. The GetdeviceO function identifies users' device 
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profiles (supported browser types and capabi l ities) in the device dimension. The 

device browser type is returned to the main ASP page and passed as a parameter to 

the style sheet. Al l  these transactions are done within the coordination dimension. 

Subsequently, the style sheet uses this information for adapting presentation. To 

validate the adaptive process, the background colour was adapted for d ifferent device 

browsers. This operation validated the capabi lity of passing device parameters to the 

style sheet via ASP and also provided a simple val idation of a device' s  capabi l ities 

adaptation. Other device parameters such as screen size and colour support can also 

be passed to the style sheet to perform adaptation and selection. For text-based 

content, most browsers would be able to adapt and fit it on the screen. While there are 

many device capabil ities that can be adapted, consideration should be given to overall 

improvements of the learning system that enhance learning satisfaction. 

The main goal of the ASP page is to create a DOM object on the XML data 

source for traversing using the XSL style sheet. This is done using the createobjectO 

method for the XML data source and the XSL style sheet. Once the DOM object is 

created it is loaded using the xml. load function. Another objective of the ASP page is 

to track variables and parameters. The parameter "curq " tracks the current question. 

This parameter is passed to the style sheet to consume and send back via the form 

action in the style sheet. In order to pass a parameter, an xslProc needs to be created 

using xslt. createProcessorO and the parameter is added using xslProc.addParameter. 

The device parameter is also added in a simi lar way. The "Feedback" parameter, 

which tracks the state of the question, is also added in the same way. Once the learner 

has answered, the learner response is captured in the parameter "ans ". To verify the 

answer with the XML data source, the xml.getElementsByTagName("CorrectAns ''} is 

used to compare the answers. A learner can only proceed to the next question if the 

current question is answered correctly. However a "score" parameter can be added 

together with a time stamp and written to the learning profile that would al low future 

adaptation to be performed by quantifying learner performance in the order of 

"Advanced", "Normal", or "Beginner". 

4.5.8 Style sheet 

The style sheet is associated with the coordination dimension. The style sheet is 

used to transform the XML data source into appropriate content for a device browser 

in the device dimension. Currently the style sheet is designed to detect PC, PDA 
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(iPAQ), and mobile phones with Openwave™ browser and Opera browser. Listing 

A.6 in Appendix A shows the main style sheet. No difficulty for supporting other 

browser types is anticipated. Any W AP2.0 compatible browser can be supported.  To 

parse an external XML document in the style sheet other than through the ASP DOM 

object, the DocumentO method can be used. This method is used to validate the 

capabi l ity and abi l ity of parsing an XML document such as those that the learning 

profile fi le contains in the learner dimension, the device profile file contains in the 

device dimension, or the learner preference file contains in the learner dimension 

within a single style sheet. It should be reiterated that al l  these files are in XML 

format. To val idate this, a learner profi le file that contains the expertise level of  the 

learner is constructed. This parameter is used to select the question leve l .  As 

mentioned, the expertise level can be a learner' s choice or a calculated choice through 

the learner record. If it is a calculated choice, the multiplatform e-Iearning system is 

able to update this information if required, once the user has completed a learning 

module. The ASP module can do this effectively. Several other XSL commands play 

a pivotal role in the style sheet transformation. Table 4 . 1  explains some of these 

important commands. 

Table 4.1 Important XSL commands 

<xsl :param name="curq"/> 
Al lows the style sheet to capture 
parameters from the ASP code. 

<xsl :variable l1ame="profile" Al lows tag content be extracted from the 
se Icct=" document('learner "learner profile.xml" file within the style 
profi le.xml')"/> sheet. 
<xsl :attri bute Al lows the manipulation of presentation 
Name="bgColor">#FFFFFF</xsl :attrib 

attributes in the style sheet. 
ute> 

<xs l : i f test="$FeedBack= 0"> Al lows condition statements to be tested. 

4.5.9 End-to-end response time measurement 

Before any adaptation process can take place there is a need to identify the 

capabil ities of the resources and subsequently provide the necessary adaptation to the 

learner. One such capabi l ity is the end-to-end response time. This is part of the 

competency requirements in the multip latform e-Iearning system framework. The 

end-to-end response time is highly dependent on the available bandwidth. It also 

depends on server latency and device CPU processing power, memory size and 
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browser i mp lementation. For a web based system, the end-to-end response time wil l  

also depend on the number of mUltiple target windows being launched and the 

simultaneous bandwidth consuming appl ications being activated such as the voice 

channel as in 3G mobile devices. 

There are several methods to estimate the end-to-end response time to provide the 

necessary input for system adaptation. Because of the different browser and device 

capabi l ities, all these methods were integrated to provide a multi-pass process for the 

estimation of end-to-end response time in the multiplatform e-Ieaming system. 

i. Client side estimation method 

Cl ient side end-to-end response time estimation util ised cl ient side script with 

JavaScript to provide a timestamp when a pre-defined known size data page is loaded 

in the background to the c l ient side browser. When the download is completed the end 

time is captured. The end-to-end response time is computed using the time difference 

between the start time and end time when the page is completely down loaded. The 

timing information is automatically submitted to the multiplatform e-Ieaming server 

from the browser. Knowing the data size, the bandwidth can be computed, if required. 

This method does not take server latency into account and is accurate if the bandwidth 

is low. This method is deployed in the current implementation for devices with c l ient 

side script support. 

ii. Server side estimation method 

Not a l l  browsers support JavaScript. For example, Openwave mobile browser 6.0 

does not support any scripting languages at all . Thus the c l ient side scripting method 

wil l  fai l  when it wi l l  encounter such a browser. A lso some browsers support only a 

subset of JavaScript even though JavaScript is enabled and detected. The detection of 

JavaScript does not guarantee that the estimation will take place without problems. 

The server side estimation method uses server page script such as ASP to keep a time 

stamp once a request is initiated. The ASP wi l l  send out a dummy page to the 

requesting browser, which is transparent to the user. Once the page is ful ly loaded it 

wi l l  be re-directed to the ASP page to capture the end time. The re-direction must 

work for browsers without script support. This method assumes that there is no script 

support in the browser. This method is also deployed in the current implementation 
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for devices with no script support. Because of several re-directions from c lient to 

server, users may perceive a longer delay which may affect their  level of satisfaction. 

4.5.10 Flash player detection 

A device' s  capabi l ity detection is part of the competency requirements in the 

multiplatform e-Iearning system framework. To check if a device has had a F lash 

media player installed, an empty Flash file is sent to the client browser. Within the 

F lash fi le is a self submitting form. If the multiplatform e-Iearning server receives a 

pre-defined parameter from the Flash form then the device is validated to support the 

F lash p layer. The version of the Flash player can be submitted together with the F lash 

form. If the device does not have a F lash player instal led then no parameter wi l l  be 

submitted from the Flash file and a JavaScript that immediately fol lows the embedded 

F lash page wil l  submit a predefined parameter through a Java scripted self submitting 

form. If this pre-defined parameter is received it val idates that the device has no Flash 

player instal led. In the event that neither parameter was received within a specific 

time then it indicates that the device has no pre-instal led player and also does not 

support JavaScript. I f  connection breaks, a new request is required. 

4.5. 1 1  Multimedia e-Iearning content 

Deploying multimedia content in e-learning systems can Improve memory 

performance and information retention for learners (Badii  & Truman, 200 1 ). Badi i  

and Truman (200 1 )  conducted an evaluation of the e-learning environment which 

showed that a music-oriented learning environment using text, voice, colours and 

animation can faci l itate a gain in information retention rates from 36% to 49% under a 

single 30 minutes exposure scenario. For distributed scenarios where participants 

were exposed to two short 1 5  minutes exposures, the use of voice, text, colour and 

animation can ach ieve information retention rates from 67% to 80%. Research has 

also shown that the use of multimedia instruction content can enhance an individual ' s  

problem solving skills, and entice learners to focus their ful l  attention on a task 

through the vividness of the presentation (Zhang and Nunamaker, 2003). Interactive 

multimedia has also been widely adopted in e-Iearning to enhance learners' 

interactivity . In some cases e-learning systems contain ing interactive multimedia can 

improve learning effectiveness. One such example is the "Learning By Asking" 

system (LBA) (Zhang and Zhou, 2003). Together these examples i l lustrate that 
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combining visual images, animations and dynamic representations can be an effective 

tool in supporting e-Iearning for demonstrating facts, concepts and rules. Evidently, 

using interactive multimedia is positively perceived. Providing a dynamic and 

interactive simulation not only gives learners the opportun ity to experiment and 

explore various perspectives and representations, but it also al lows learners to 

construct meaningful concepts to understand the relationships and influences of each 

element within a theory. 

In the current multiplatform e-Iearning system multimedia content development, 

the design is adhered to two proven principles to maximise the potential of 

multimedia effectiveness (Tversky et ai ., 2002). First, according to the Congruence 

Principle, the content and format of the multimedia should correspond to the content 

and format of the concepts to be conveyed. Second, according to the Apprehension 

Principle, multimedia should be accurately perceived and appropriately conceived. 

Sometimes, if designers do not consider their choices carefully, animations become 

too complex or too fast to be accurately perceived (Tversky et ai., 2002). This was the 

case in the pilot development and trial where the animation adhered to the congruence 

principle but fai led in the apprehension principle, which was commented on by the 

participants. Besides these two principles, appropriate use of several studies validating 

effects re lated to multimedia design can be helpful (Mayer, 200 1 ,  2003). First, 

according to the multimedia effect, students learn better from words and pictures than 

from words alone. Second, the coherence effect states that learning improves when 

extraneous material (such as sound) is excluded rather than included. Third, according 

to the spatial contiguity effect, it is more effective to place printed words near rather 

than far from corresponding pictures. And lastly, the personalisation effect states that 

students learn better from text written in conversational rather than formal style. 

Given these principles and guidelines, the multiplatform e-Iearning system 

includes both text and animation modules with the intention to improve learner 

satisfaction and foster learning. In the adaptation process, for example, when a F lash 

player is not supported, the Flash is transformed into interactive gif fi les with text and 

pictures next to each other. The self running animated gif were not adopted in the end 

as recommended by the apprehension principles. An example of the e-Iearning 

module is shown in Figure 4 .8 .  Figure 4 .8  (a) shows the text version with a PDA and 

Figure 4 .8 (b) shows an animated version. 
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RGB �Qd·Gr ... n.Blue) is an ".ddiliv." colo. 
system used in display moniton who .. light is mixed. 
Example,: 

Black + Rod = R .. d 
Black + Green - oGre.n 
Black + Blue = BI u. 
Black + Red + Green = Yellow 
Black + Red + Blue = Magenta 
Black + Blue + G.".n D Cyan 

Black + Red + Green + Blue = White 

RED + GREEN = 

klick here to sei: (.llar mixinQ'PLpl 

Figure 4.8(a) Text Content 

4.5.12 Summary 

Figure 4.8(b) Animation Content-with 
permission from OSIM. 

The successful implementation of the multiplatform e-learning system has 

demonstrated several capabi l ities as dictated by the competency principles (Chapter 3, 

pg 75-78) within the adaptive multiplatform e-learning framework. First, the abi l ity to 

identify device browser type and capabil ity of extracting and transferring such 

information to the style sheet for adaptation processing was achieved. This aspect 

operational ised competency principles three and five. Second, the abil ity to parse 

XML profile documents with server page technology and the abi l ity to update and 

insert parameters into these documents was achieved. This aspect operational ised 

competency principles two and five. Third, the abil ity to transfer parameters between 

an active server page and a style sheet for adaptive processing was achieved. And the 

ability to extract an external XML profile file within a style sheet and provide such 

information for adaptive processing was also ach ieved. These aspects again 

operationalised competency principles one and five. And lastly, the ability to estimate 
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the bandwidth and extract the information for the adaptive content delivery process 

such as offline and pre-fetch operationalised competency principles four and five. In  

short, a l l  the competency principles were adhered to  and operationalised successful ly. 

During the implementation process, further u nderstanding was gained regarding 

the adaptive multiplatform e-learning systems. This has implications for future 

research, system developments and enhancements and is summarised below: 

(a) There are far too many device parameters to adapt in the device d imension. There 

is a need to identify a few "best" parameters for adaptation. The choice of such 

capabi lity parameters should be based on the abi lity to enhance learner 

satisfaction. This will lead to a more systematic approach in device adaptation for 

content del ivery. 

(b) Bandwidth is a critical factor in the adaptation process. Identical device 

capabil ities m ight not necessarily lead to the same adaptation. When different 

devices have the same multimedia capabil ities but operate in different 

communication channels, the adaptations wil l  be different. The communication 

dimension precedes the device dimension. 

(c) Long delays, s low responses and instabi l ity would contribute to unsatisfactory 

learning experience, affecting in turn the learning profile model .  Thus the abil ity 

to pre-fetch content for the learner as an adaptation capabi l ity is crucial in 

developing a "seamless" experience. The chal lenging task here was to pre-fetch 

dynamic content. 

(d) In the situations where a learner prefers to engage with off- line content, the 

adaptive e-Iearning system strives to provide simi lar experience to the learner by 

adapting entire or partial content to the learner. However the tasks required by a 

learner to receive the content might not be as straightforward as in a real time 

scenario. These additional steps might affect the perceived usefulness and 

perceived ease of use of the system and therefore influence the learning 

satisfaction and adoption decision. 

(e) The objective of the adaptation process in the multiplatform e-learning system is 

to improve learner satisfaction. From a mathematical perspective, this can be 

viewed as a constraint-optimisation model .  The adaptation process is a multi 

parameter function. The function output is the learner satisfaction. The inputs to 

the multidimensional function are the parameters within the content, learner, 

device, communication, and coordination d imensions. To simpl ify the adaptation 
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process, a stereotyping template matching approach was adopted using a decision 

tree algorithm.  It is envisaged that near optimal results would only be achieved 

after several iterations of design modifications. 

4.6 A comparative walkthrough 

Upon successful implementation of the multiplatform e-Iearning system, there is 

a need to evaluate the system in comparison with traditional e-Iearning systems, such 

as Blackboard, with which most students are fami liar. Following sub-sections provide 

a comparative walkthrough between a traditional e-Iearning system (system A) and 

the multiplatform e-Iearning system (system B) with three accessing devices, mainly 

PC, IPAQ PDA and Nokia 6600 mobile phone. Several screen shots are shown in 

sequential order. The e-Iearning system comprises four learning modules. Modules 1 

to 3 are used in the experiment evaluation whi le module 4 is used for training the 

participants only. Figure 4.9 to Figure 4.28 depict the screen shots from the traditional 

e-learning system A (Blackboard) whereas F igure 4.29 to F igure 4 .47 depict the 

screen shots from the multiplatform e-learning system B. Figure 4.48 to Figure 4.50 

depict the screen shots from the Openwave emulator. 

4.6.1 Traditional e-learning system A - PC 

a. Learner navigates to PHYSICS 1 0 1  folder 

� . Il:Pl"'� r.tI!JMQ].'JQQLS$!ECHIIQb.QGI£� , COURCEOQCIIIiNU " HYSIC IDI 
Modul. 1 . Col" 

<'I. 1 1 AddnM3 Co!tJr W ! .2Syb!@cljyet;ol{lf 
J..llntW..l 
Modul. 2 . l.ns 

� ? 1 Ryle of Refutc!Inn fPl COrtmQlM Lpns W 2.2 F "!coiTlgn of R�al and Vjltyal lmige 
� 
Modul. J . R.solutioll And Deplh 

\) �ytiQn  � 
Wodul. � . Ploj.ctil. 

<'. 4 1 HpOlonlal and Vertu;;1 Yel"c�y W 42 MUlmym Rillge � 

Figure 4.9 Blackboard PHYSICS 101  e-learning system A 
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h. Learner accesses module 2 - lens 

® Lens Basic 
s:;-
((Coono_ 
(c-"" .. -""l 
C�:l 
l - '- :1 
c-.. _J 

(c�"_ .. ") 
_a..._ 
-_. 

a-
. W. ... LMo 

A lens is mere� a caretu� ground or molded piece of transparent material which refracts �ght rays in such as wfIlf as to form an image. 

Lenses can be thought of as a senes of tiny refracting lenses, each 01 which refracts light to produce their own image. When these pnsrns act together, they 
produce a bnght enough image focused at a point. 

There aro a variety 01 �es 01 100505. ou- focus wiU be upon lenses whch aro syrrvnetrical across their horizortal axis - known as the principal axis. i'1 !hAs 
module, we .... SIlKti converglllg lens. 

A converging len. IS a lens wlich converges rl>(S 01 iglt which ara �aveing paralel to its pnncipel axis. Converging lenses can be iderlified by their shape, 
they ere thicker across !:heir middle and thimer et their upper and lower edges. 

Retraction Rul. for a Converging Len. 

Any incident rey lJ'eveing pareilel to the pnncipel axis 01 0 converging lens wiU refract ttvough the lens end lJ'avel ttvough the focal point on the OPPOSIte side 01 the 
Ions. 

Any incident rey Ireveing through the focal point on the way to the lens Will refract ttvough the Ions and travel paranel to the principal axis. 

An Incident rf11f v.tllch passes through the center of the lens wil in effect continue in the same direction that it had wtlen it entered the lens. 

Figure 4. 1 0  PHYSICS 101  module 2 content 

c. Learner accesses interactive multimedia 

((-
,_ ......... 

_ .. -
.-
-,-

�(--
,--
...... a.._ 
-_. 

� - � 
_ ... 

Figure 4. 1 1  Interactive multimedia for module 2 with permission (Ion, 2005) 
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d. Learner accesses exercise 

-
t __ 

I!!�'" � 

--� 
--

t __ 
• - ) 

_ ... 

......... ......... n..THI ...... ... � ..... . 
,...« c  • .,� n.,t .... c .... ... ..... . ........... ... 

0.....1 .. 1 1htIIpf. a.ke 
WhMI ttIt  oIIJtd I. kIC.. .. to:t • • •  1tftt..twtk.ttwlilt .. ..,..... tht Imap le 
fi � . ..... _irMtI.., ... . .  �""". ,.,. ...... t.r.a&h 
('" � ., tIl  . ..... 'fII"IM _ .. .  �"""' ...... h l.CI' �  
r .... ... .. It "  ....... ..... . a .. ,� ... IOc .. fo,c .. ...... 
r ."...., III tit, .". iMftt4 .,.. lit . .... WIC. rc:, lit "'" IttIIIh 

o...dH ) ...... a."" 
wt.1II 'N otrK1 � IOMHd I .... kM pwII, , ... ,. • .,.. 
r .... ..,...., 
p ..... kIoWldtlltl&c .. ,... 
r ... ..... am ... 
r ,. � ...., .... J ...... lbe .. ul .... 

o...tI •• J ...., .. Q,.. 
�. lN �  .. _ .... ... h l«  .. ,... \hr -.. ,..,. -" 

0unIII •• � ......,.. (Mkt 
"""'" tN M;lft i9 Ii\" ,,.. Iot. " IMoIh. I� � t11wi11 

,.. ..... 1" ....,. 
r 1IOInIt"", (o-tp ..,.,... ... loul ....,. 
r M'l'lll' (� 
It' (1� . ..  wtvlll ll"ll • •  � M  . ... tht "'""''''"' I'''J 

Figure 4.12 Assessment exercise for module 2 

e .  Learner accesses marked exercise 

ID 
(-) 
(1 __ _ 
r� � 
1Jl _ ._ . -.. -
,-.. -� 
a ....... a.. ... 

r __ • 
C _ � 
It _ ..... 

w1l.Ul.ll!Uil · ��l.I!tiU!l�J:i1 · ��·�O · ""'1011it"'. ljlr;ljJttfttiS 
CD Review Assenment: EXerc.lse 2 

( •• " •• 2 
C ....... ' 
2 out oft pcwnI' 

l..uwalo...: ChoO,.,M COlfKt anJMf. 

o ...... z .... hipl. a.lct 
IMIflllh 0.C1 � ttwltd 1M foul pOoWlt. rt\t 'U, lIPIag' 

0., ...... l ....... 1. a..k, 

<® 
W!u th ot".� it Ioc ..... M IIrI. ""I p4IIIt. IN .,.,..'fI'I. flY' .19? 
hlutd AMwo.; ,/p.,KII 

Figure 4.13 Blackboard feedback for exercise module 2 
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4.6.2 Traditional e-Iearning system A - PDA 

a. Learner accesses Blackboard home page and login 

C .... __ L_09 ..... 1" __ ..... ) 
( Course Catalog ) 

Student Infonnation: Before you Cin 
use Blackboard, you will need to 
change the original password that was 
provided to you when your account 
was created. Please visit tillQl.[l 
www.vuw.ac.nz/scs/supportl 
change pw,aspx to change your 
password 

Usemame: 

Password: 

Login ) 

Figure 4. 14 PDA Blackboard access sequence 
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b.  Learner navigates to PHYSICS I 0 1  folder 

VUW COURSES > Y .04.2 .MMIM524: 
MULTIMEDIA TOOLS 
9.TECHNOLOGIES . . .  > COURSE 
DOCUMENTS 

PHYSICS 101 

VUW COURSES > Y .04.2.MMIM524: 
MULTIMEDIA TOOLS 
9.TECHNOLOGIES . . .  > COURSE 
DOCUMENTS 

Module 1 - Color 
1 . 1  Additive Color 
1 .2 Subtractive Col or 
1 .3 Exercise 1 

Module 2 - lens 
2 . 1  Rule of Refraction for 
Converging Lens 
2 .2 F orrnation of Real and Virtual 
Image 
2.3 Exercise 2 

Figure 4. 15  PDA access to e-Iearning site A 
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c.  Learner accesses module 1 - Colour 

RGB (Red-Green-Blue) is an "additive" color 
system used in display monitors where light is 
mixed. 

Examples: 

Black + Red = Red 
Black + Green = Green 
Black + Blue = Blue 

Black + Red + Green = Yellow 
Black + Red + Blue = Magenta 
Black + Blue + Green = Cyan 

Black + Red + Green + Blue = White 

. RED +GREEN = 

click here to see a color mixing inter action 

Figure 4. 16  PDA access to module 1 content 
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d. Learner accesses exercise 

Question 1 

� What are the 
Selected ./ primary (olors in Answer: Red, 

an "additive" (olor Green, 
system? Blue 

@ Red, Green, 
Multiple D oH 

Blue Question 2 
Choice o Red, Yellow, 

Blue What is the o Cyan, Resulting (olor iF 
Magenta, 

� 
Red is added to 

Yellow Green and to Blue? o Cyan, Red, 
Blue 

Selected X 
Answer: Cyna 

Figure 4. 17  Assessment exercise and feedback 
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4.6.3 Traditional e-Iearning system A - Mobile Phone 

a. Learner accesses B lackboard home page 

Figure 4.18 Nokia 6600 accessing e-Iearning system A 

b. Learner accesses B lackboard and login 

Figure 4.19 Nokia 6600 log in 
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c.  Learner continues to access B lackboard 

Figure 4.20 Nokia 6600 login continues 

d.  Learner navigates to course site 

Figure 4.21 Navigate to PHYSICS 1 0 1  folder 
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e .  Learner navigates to PHYSICS 1 0 1 folder 

Figure 4.22 Access to PHYSICS 101  folder 

f. Learner navigates to module 3 

Figure 4.23 Access to module 3 
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g. Learner navigates to module 3 - colour depth 

Figure 4.24 Access to module 3 content 

h .  Learner accesses exercise 3 

Figure 4.25 Access to module 3 exercise 
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i .  Learner login to exercise 

Figure 4.26 Log 00 to access exercise 

J .  Learner accesses exercise 

Figure 4.27 Format problems with e-learniog system A 
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k. Learner navigates to end of exercise 

Figure 4.28 Anchor link problems with e-learning system A 
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4.6.4 Multiplatform e-Iearning system B - PC 

a. Learner accesses PHYSICS 1 0 1  home page 

PHYSICS l O l E  

� Mo«hllt I-Colo.· 

1 . 1  Additive Color 

1 .2 Subtractive Color 

1 . ..\ Exerci.c;e 1 

� Mo«hllt 2-LtllS 

2 . 1 Rule of Refra lioli for COIi.\·trgiug Lens 

2 . 2  FOI1UlllioIl of R eaJ and Virtutll Image 

2 .3  E.xercise 1 

� Mo «hilt 3-Color Dtptb .Alld RtsolntioD 

3. 1 Color Resolutioll 

3. 2 Color Depth 

3.3 E.xercise .\ 

� MO(}lllt 4-ProJtrWt 

-t.2 M;\.\\UlllUll Ra:uge 

-t . 3  E:\:ercise -t 

http://sbJdent.st'n._.ac.nzffXO)rt/od1J�lOle.html 

Figure 4.29 PHYSICS 101 in multiplatform e-Iearning system B 
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b. Learner accesses module 2 - lens 

Lens Basic 

Rt.1 bunge and Vlitun! hnon 
Converging lenses can produce bOUl nn! and vIItual unages. nle process by ,,1llch images are fonned for lenses is the same as the process by "inch 
ima!les are fonned for plane and curved lllllTOrs. 
Ima.�es are formed at locatiolt� ,,1lere any obsen'er is sighting as they view the image of the object through the lens. So if the path of several light rays 
tlu'ol1gh a lens is traced. each of these light nl}"l! will intersect at a point upon refraction UU'ol1gh Ule lens. Each observer lllust sight in Ule direction of 
tillS point in order to view Ule image of the object. \\�lile different obsovers will sight along differolt lines of sight, each l ine of sight utlO'sects at tile 
unage locatiolt 

A reat bong. is fonned ,,1101evo' refracted light passes "trough Ule image locatiolt While divo'ging lolSes always produce virtual images. converging 
lenses are capable of producing both real and vittual unages. As shm'll above. real images are produced WhOl Ule object is located a di.t,U1CC .I?:reato· 
than one focal lolgth from the lettq. 

A "btll:ll lmage is fonned if the object is locnted less tllan one focal length from the convo'ging lens. 

click Ilere 10 see ray tracing of real and ,irtual imnge(,�,1) 

Figure 4.30 Content in module 2 

c .  Learner accesses interactive multimedia 

Figure 4.31 Same multimedia interactions for module 2 
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d. Learner accesses exercise - login 

Figure 4.32 Access to assessment exercise login 

e.  Learner accesses exercise 
;J;;t .. .. .  

Mobile Learning 
Note: If yo\u' answer is eOlTed. it will move to the ue:d qUet>1iOIL 

"' 
"' 

Ii 
• 

------------------------------------------------------------------------------------------ � 
QII""tion l 
Wbm H,. objed is loc.ted .t • distance I\,;ce Ule focal lellgtlL HIe image is (Easy) 
alL,,·wer: 
r eqnru in size and iUYMed and at it distance n,ice the focal letlgtb 
r eqllal in .ue and lI(lli$h1 .nd .1 • dislance I\,;ce ttl' focal leu.2fh 
r equal ill hue iUld inverted and at it distance equal to tile foc:al lellgtb 
r smaller in size and invested and at a distauce twice tlte focal length 

.!!!!!.I � 

Figure 4.33 Assessment exercise in module 2 

f. Learner completes exercise 

Mobile Learning 
Note: IfyOlU' aIL;,Wet' is eOITed. it "i1l mo\'e to tlte ue� question. 

nl:ulk you for yonr participatiolL 

Figure 4.34 Assessment exercise completion 
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4.6.5 Multiplatform e-Iearning system B - PDA 

a. Learner accesses PHYSICS 1 0 1  home page and login 

1 . 1 Additive Color 

1 ,2 Subtr active Color 

1 .  3 Exercise 1 

Figure 4.35 PDA access to PHYSICS 101 e-Iearning system B 
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b .  Learner accesses module 1 - Colour 

Calor system can be classified either as 
"additive color" or "subtractive col or ". 

Additive Colon; (Milctures or light) 

RGB (Red-Green-Blue) is an "additive" calor 
system used in display monitors where light is 
mixed. 

Examples: 

Black + Red = Red 
Black + Green == Green 
Black + Blue == Blue 

Black + Red + Green = Yellow 
Black + Red + Blue == Magenta 

Figure 4.36 Content of module 1 
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c .  Learner accesses interactive multimedia 

Figure 4.37 Interactive multimedia for module 1 
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d. Learner accesses exercise 

User name: 

Password: 1***** 

Note: If  your answer i s  correct, i t  will 
move to the next question. 

Question 3 
What is the resulting color if Blue is added 
with Green ? 
answer: 
o Red 

o Yellow 

� Cyan 

o Magenta 

1 reset 11 mark 1 

Figure 4.38 Accessing exercise login and adapted exercise content 
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4.6.6 Multiplatform e-Iearning system B - Mobile Phone 

a.  Learner accesses PHYSICS 1 0 1  home page 

Figu re 4.39 Nokia 6600 accessing multi platform e-Iearning system B 

b .  Learner navigates to module 3 

Figure 4.40 Easily navigate to module 3 
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c .  Learner accesses module 3 - resolution 

Figure 4.41 Accessing module 3 content 

d.  Learner accesses interactive multimedia 

Figure 4.42 Adapted multimedia interactions for mobile phone (permission from 

OSIM) 
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e .  Learner continues to access interactive multimedia 

Figure 4.43 Next in sequence of multimedia interactions 

f. Learner login to exercise 3 

Figure 4.44 Login access to assessment exercise 
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g. Learner accesses exercise 

Figure 4.45 Adapted assessment content 

h .  Learner answered correctly and moved to  next question 

Figure 4.46 Next question in sequence 
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1 .  Learner completed all questions 

Figure 4.47 Feedback from completion of exercise 
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4.6.7 Openwave emulator 

In the initial phase of the research, the Openwave SDK emulator was used as part 

of the system development. This content was also deployed in  the pi lot trial phase. 

a. Learner accesses module content 

Figure 4.48 Openwave emulator accessing content 
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b .  Learner accesses multimedia 

Figure 4.49 Openwave emulator viewing animated gif 

c. Learner accesses exercise 

Figure 4.50 Openwave emulator accessing exercise 
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4.7 Summary of chapter 4 

The technologies involved in the implementation of the multiplatform e-Iearning 

system have been highlighted in this chapter. A good understanding of all facets of 

the technologies involved is necessary to comprehend the required amount of work 

and knowledge needed for such an undertaking. Several factors contributed to the 

chal lenge. First, almost every technology involved is either very new or unstable and 

accompanied by poor documentation from vendors. For instance, Pocket PC 

JavaScript support is very l imited. Second, style sheet transformation with MSXML 

and DOM is continuously evolving and there is no c lear documentation on the 

supporting features. Third, mobile phone script support is also poorly documented. 

Vendors seldom provide detai led information on resolving bugs. Browsers are locked 

down with a specific type of browser in the mobile phone, making bypass extremely 

difficult. Surprisingly all these issues were resolved during the implementation stage. 

While the system is at a prototype stage, it is sufficient to undergo the usabil ity 

evaluation to understand the basic factors that influence learner satisfaction while 

engaged in a multiplatform e-Iearning environment. Utilising the relevant 

technologies, the usefulness of the framework have been proven and val idated and 

parts of the research goal have been answered. The next chapter covers the usabil ity 

evaluation of the system and analyses the data through various statistical techniques 

such as correlation and structure equation model l ing in order to explore the 

relationships among the factors that influence learner satisfaction. 
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Chapter SA Methodology 

SA.1 Evaluation methodology 

Empirical evaluations were conducted to provide the necessary data for analysis. 

Two phases of evaluations were conducted. In phase one, a pilot evaluation was 

conducted and in phase two a full evaluation was performed. The evaluations were 

intended to provide a comparative study in which two e-Iearning systems were 

deployed. For e-Iearning system A, a traditional and familiar e-Iearning system, i .e. 

the B lackboard e-Iearning system was used. For e-Iearning system B, the 

multiplatform e-Iearning system that has been developed in this  research was adopted. 

The multiplatform e-learning system was implemented according to the multiplatform 

e-Iearning systems framework described in chapter 4. A comparative study allows an 

investigation of the factors that influence learner satisfaction within the two e-learning 

systems. These factors can be very useful to the designer for quantifying the stabi l ity 

and acceptance of the multiplatform e-Iearning systems. The pi lot evaluation was 

small in sample size as its main purpose was to provide insight into the multiplatform 

e- learning system and to fine tune the system for the subsequent full evaluation. 

Based on the findings and various useful  comments gathered in the pilot 

evaluation, the final evaluation was eventually conducted with some modifications. 

The objective of the final evaluation was to provide sufficient data to answer the 

research questions regarding the degree of each factor' s influence and its relationship 

to other factors. By the final evaluation, the e-Iearning system B had been improved in 

relation to link navigation and included multimedia with interaction during the 

adaptation process. The PDA used was I PAQ5450 and Pocket PC Internet Explorer 

2003 with a real time Bluetooth connection. The mobile phone used was Nokia 6600 

with an Opera browser with Vodafone GPRS real time connection. 

SA.2 Evaluation objectives 

This research has identified several factors associated with the dimensions and 

sub-dimensions of the multiplatform e-learning systems framework. Through the 

formulation of the multiplatform e-learning systems framework in chapter 3, two 

main research questions have been answered. These research questions are: 

What factors constitute a multiplatform e-Iearning system framework that will adapt 

to each learner 's context and improve learner satisfaction? (RQI) 

And, 
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What are the factors influencing learner satisfaction in a multiplatform e-learning 

system? (RQ2) 

Consequently the objective of the evaluation is to proceed with answering the 

associated research sub-questions: 

How significant are the various factors in influencing learner satisfaction with 

respect to the multiplatform e-learning system? (SQ1) 

What are the groupings (relationships) among the factors that influence learner 

satisfaction with respect to the multiplatform e-learning system? (SQ2) 

And, 

Is the multiplatform e-learning system achieving its goal of improving learner 

satisfaction? (RQ3) 

To answer these questions, an evaluation instrument was developed and various 

statistical analysis techniques were deployed to explore the data. 

SA.3 Evaluation instrument 

A Questionnaire for User Interface Satisfaction (QUIS) was developed by Chin et 

al. ( 1 988) at the University of Maryland. QUIS has been used for evaluating web­

based e-Iearning systems and comparative studies of PDA based and paper based 

quizzes (John son et aI . ,  2004, Segall et aI., 2005). The original QUIS consisted of five 

scales, which show overall reactions to the software, screen, terminology and system 

information, learning and system capabil ities. The first scale relating to overal l  

reactions to the software consisted of 6 questions and the other four scales include a 

total of 2 1  questions. The scal ing of items ranges from 1 to 9 and an additional "no 

answer" option is available. Compared to other instruments, such as the Purdue 

Usabi l ity Testing Questionnaire (PUTQ) (Lin et aI . ,  1 997), the Post Study System 

Usabi l ity Questionnaire (PSSUQ), and the Software Usability Measurement Inventory 

(SUMI) (Lewis, 2002), the QUIS is considered closer to the current evaluation 

objective. The learner questionnaire for evaluation of the m ultiplatform e-Iearning 

system (MELQ) in this study is modified and extended from the QUIS .  This 

questionnaire consists of nine parts. Part 1 of the MELQ consists of capturing 

demographic information. Part 2 measures e-Iearning experience. Part 3 measures 

previous interaction experience and was modified to include more up-to-date and 
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relevant browsers, mobile games, SMS, PDA and mobile devices. Part 4 measures the 

overall learner satisfaction score (LSS) and the statements were modified to include 

the e-Iearning context for different accessing devices. Statement number 5 was 

changed to reflect meaningfulness of the system. Part 5 measures the content 

dimension (D l )  with sub parts measuring organisation, granularity, multimedia 

objects, and pedagogy. Part 6 measures the learner dimension (D2) with sub parts 

measuring environment, avai lable help, motivation, and preferences. Part 7 measures 

the device dimension (D3) with sub parts measuring presentation capabi l ity and 

ergonomic capabil ity . Part 8 measures the communication dimension (D4) with sub 

parts measuring perceived response, perceived stabi l ity, and mode of delivery. Part 9 

measures the coordination dimension (D5) with sub parts measuring navigation, 

interaction, and presentation. 

5A.4 Evaluation conditions 

Evaluating a system is a difficult task and it is even more difficult when the 

system is adaptive (Hook, 1 998). Evaluation of adaptive systems remains a 

chal lenging issue (Weibelzahl,  2003). Most studies of adaptive systems are 

comparisons of the systems with and without adaptivity (Hook, 1 998;  Boyle, Craig, 

and Encarnacionj ,  1 994; Brusi lovsky and Pesin, 1 994; Meyer, 1 994). The current 

evaluation is also a comparative study. 

Six conditions were defined with the intention to vary the type of interaction 

between learner and the two e-Iearning systems. These conditions are described 

below. 

For condition one, participants told to assume that they were in a classroom 

setting and that they had just purchased an IPAQ PDA and a Nokia mobile phone. 

They were keen to explore these devices to learn about a particular physics topic. The 

condition encouraged the participant to ask as many questions as possible during the 

evaluation process. The evaluation environment was made as relaxing as possible. 

The goal for the condition was to achieve the best measurement score possible for 

each device and each e-Iearning system.  

Condition two also assumed a classroom setting. Participants used PCs, PDAs 

and mobile phones to explore the two e-Iearning systems. In condition two, 

participants were made to experience a low bandwidth connection. The adaptive 
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multiplatfonn e-Iearning system detected and estimated the delay and offered the 

participants offline content delivery while the Blackboard system delivered content as 

usual with delay. It should be stressed that both systems experienced the same delay. 

In condition three, participants were made to experience an interruptive 

environment. Participants were required to read and close a randomly appearing 

pop up window while performing the sequence of required tasks. The objective was to 

simulate a multi-tasking situation frequently encountered in a mobile environment. 

The adaptive multiplatfonn e-Iearning system made adaptive adjustments to the 

delivery of content to the learner by adjusting the length of assessment content while 

the Blackboard e-Iearning system remained the same. 

In condition four, participants were made to experIence a busy bandwidth 

connection but not as long a delay as the offline condition. The adaptive 

muItiplatfonn e-Iearning system detected and estimated the bandwidth and presented 

a pre-fetch delivery solution while the B lackboard system delivered content as usual 

but with some delay. 

In condition five, participants were assumed to be receiving a cal l from a friend 

who wanted help on a particular physics topic, and that the participant did not have 

much time because of an imminent appointment with a doctor. This condition 

simulated the condition of working under time constraint. An eight minute countdown 

clock was deployed to increase the urgency. The adaptive e-Iearning system provided 

adaptive content delivery by adjusting the length of the assessment. 

In condition six, participants were made to self explore the e-Iearning systems 

without any help from the researcher. In addition they were warned that 1 0  points 

would be deducted for every question asked. The objective was to examine the factors 

influencing the learner when absolutely no help was g iven during self exploration. 

This condition is frequently encountered when learners use mobile devices to access 

e-Iearning systems outside of a class room environment. 

It should be emphasised that in al l these experiment conditions the multip latform 

e-Iearning system was capable of identifying the accessing device, detennining its 

capabil ities, estimating its bandwidth and providing content adaptation through style 

sheet transformation. These activities rely extensively on the coordination dimension. 
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SA.S Evaluation procedure 

First the participants were recruited through public noticeboard within the 

university. The overall sample distribution was simi lar to the university students' 

population. Six participants were enlisted to take part in each condition. A new group 

of six participants was enlisted for each condition. Thus a total of 36 participants (6 

conditions x 6 participants) were recruited. Before the actual experiment, the 

participants were briefed and trained on the use of the e-leaming systems using 

module 4 for each accessing device (pC, PDA and mobile phone). The training 

session took about forty five minutes to an hour for each student. Because there was 

only one set of equipment avai lable, the experiments were conducted for each 

participant one at a time. Throughout the experiment the researcher was taking notes 

and watching the participant at a distance. For each condition, each participant had to 

complete a total of six tasks. The six tasks consisted of three tasks on each e-leaming 

system (e-leaming system A and e-leaming system B) for each of the three different 

accessing devices (PC, PDA, and mobile phone). The sequence of the experiments 

was PC on system A, PC on system B, PDA on system A, PDA on system B and 

mobile phone on system A followed by mobi le phone on system B. The modules used 

for PC was module 2 .  Module 3 was used for PDA and Module 1 was used for mobi le 

phone. The intention to use different modules was to reduce data dependency. Thus 

the evaluation can be viewed as repeated measures with 6 x 2 x 3 (6 conditions, 2 e­

learning systems, 3 different devices) uniquely different experiments. Repeated 

measures method is commonly used for before and after test comparison as it could 

m inimise measurement error but may produce data dependency issues. The tasks 

performed by each participant include login to the respective e-learning systems, 

navigate to the respective folder, navigate to the contents pages, explore individual 

learning module, explore interactive multimedia, login to exercise, response to 

exercise, revisit content if necessary, view exercise feedback, and exit system. E­

learning system A consists of learning and assessment modules implemented in the 

commercial B lackboard system without adaptive capabil ities. E-Iearning system B 

consists of a multiplatform e-Iearning system with adaptive capabi l ities. To improve 

data independency and minimise fam iliarity, the experiments were designed such that 

participants accessed different modules on each different device. Upon completing 

each task, the participant would require to complete a MELQ form. Therefore a total 

of 6 MELQ data sets were generated for each participant. For 36 participants a total of 
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2 1 6  data sets were generated. Once all  the tasks were completed, each participant was 

interviewed. The purpose of the interview was to cross check the comments made in 

the MELQ form. The duration of the experiment for each student took about 4 to 5 

hours. Each student was given a $20 supermarket voucher for their time and effort. 

Subsequently the data were analysed using various techniques. Details findings 

will be reported in the next chapter. 
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Chapter 5B Analysis 

5B.l Introduction 

This chapter wil l  first present some background information regarding the 

samples distribution, participants' browser experience and interactions experience. 

Subsequently, this chapter will present findings based on quantitative and qualitative 

data analysis. Data analysis is done to support all the research questions (RQ 1 ,  RQ2, 

SQ 1 ,  SQ2, and RQ3) with emphasise on quantitative data. The rationale of using a 

particular statistical technique wil l  be further justified and discussed. 

5B.1 . 1  Participant information 

A total of 36 students took part in the final evaluation. Six conditions were used 

to vary the interaction between the e-learn ing systems, accessing devices and learners. 

Out of the 36 participants 20 (55 .6%) were female and 1 6  (44.4%) were male. The 

participants were mostly (80%) aged between 1 6  and 25 ,  while 8% were aged 

between 26 and 30, and 1 2% between 3 1  and 45.  The majority (89%) were doing an 

undergraduate degree whi le 1 1 % were at post graduate level .  The samples used were 

convenient samples and it matched the university 's  student population ' s  distribution 

and profiles. Statistical test showed that there were no significant differences in 

response between male and female partic ipants. 

5B.1 .2 Browsers experience 

The Internet Explorer ( lE) browser usage among the students was very h igh : 44% 

of the participants spent over 1 0  hours a week using l E ;  28% of the participants spent 

4- 1 0  hours a week; 1 4% of the participants spent 1 -4 hours a week; and the remain ing 

1 4% spent less than I hour a week using it. There were three participants who 

indicated they had l imited experience in Palm OS, Pocket l E  PDA and W AP which 

were not related to web e-learning. Thus all participants had less than one hour' s 

experience in Pocket l E  and Opera browser through the training session provided. Of 

the 36 partic ipants, 9 (Nine, 25%) participants had only Internet Explorer browser 

experience, 1 6  (44.4%) participants had additional Netscape browser experience, 1 5  

(4 1 .6%) participants had additional Mozi l la experience and 4 ( 1 1 . 1 %) participants had 

additional Opera PC browser experience. Figure 5B. I depicts the distribution of other 

browsers experience. 
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Figure SB.I Participants' browser experience 

SB. 1 .3 Interactive experience 

The questionnaire also asked participants to select which interactive experiences 

they are fami liar with, out of 20 possibilities. The list of interactive experiences is 

shown in F igure 5B .2. The survey showed that almost all (35 or 97%) of the 

participants were famil iar with sending short messages (SMS). Most (69% or 25) of 

the participants were famil iar with mobile phone games. Half the participants were 

famil iar with using a camera phone. Less than half (44% or 1 6) of the participants 

were famil iar with a multimedia messages service (MMS). The same number had 

interaction experience as a personal tutor. Only 25% (9) of the participants were 

famil iar with mobile phone browsing using WAP and only 1 6% (6) of the participants 

were famil iar with PDA. A high proportion (75% or 25) of the participants was 

famil iar with an e-Ieaming system. This is because the university uses Blackboard as 

its e-Iearning system platform. Notice that the mobile phone and PDA responses 

regarding browsing experience differ from the interactive experience figures. This 

may be due to different interpretations from the participants. Nevertheless it indicates 
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that not many participants were experienced with PDA and mobile phone browsing 

for e-learning purposes. 
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Figure SB.2 Participants' interactive experience 

SB.2 Data analysis 

Data analyses were essential to val idate the research questions. Various statistical 

techniques were deployed to allow different perspectives and depth to be explored 

from the human/system interaction data. First an overview of the pilot evaluation and 

its findings was provided. Second, the overall learner satisfaction score (LSS) 

organised according to the experiment cond itions and different accessing devices 

were presented. The overall mean learner satisfaction score provided a quick 

overview of the differences between the two systems. A ranking technique was 

deployed to provide quick overview of the overal l  performance of the systems. Then a 

special case of the self-directed exploring condition where no assistance was rendered 

during the experiment was examined. Subsequently using Pearson' s  correlation 

technique the degree of influence on learner satisfaction scores from the factors within 
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the five dimensions was determined. Through comparisons and identifying trend, data 

analyses were able to identify grouped behaviours among the factors. The discovery 

of the grouped behaviours may have impl ications for future multiplatform e-Ieaming 

development processes. Through analysing interview data and qual itative data 

specific issues faced by the participants during the experimental process were 

revealed. F inally ANOV A paired samples tests were conducted to validate the 

performance of the multiplatform e-Iearning system and describe the impact of 

adaptation processes due to three accessing devices. In reporting the results in the 

subsequent sections, the abbreviations in Table 5B . l wil l be adopted. 

Table SB. 1 Abbreviations 

Dimensions Factor 
F actors 

Meaning 

CON-GR Granule 

Content CON-MU Multimedia 

D I  CON-OR Organization 

CON-PE Pedagogy 

LER-EN Environment 

Learner LER-HE Help 

D2 LER-MO Motivation 

LER-PR Preference 

Device DEV-ER Ergonomic 

D3 DEV-PR Presentation 

CO M-DE Delivery Mode 
Communication 

COM-ST Stability 
D4 

COM-RE Response 

COO-IN Interaction 
Coordination 

COO-NA Navigation 
D5 

COO-PR Presentation 

SB.2.1  Pilot evaluation 

The objective of the pilot evaluation was to provide content val idation and to 

identify refinements in preparation for the full scale evaluation. The pi lot evaluation 

was conducted initially with five participants. However one set of data was removed 

due to incorrect entry and as a result only four sets of val id data were avai lable. Two 

e- learning systems were used in the pi lot evaluation to provide a comparison. E­

learning system A consisted of three learning and assessment modules implemented in 

the fami l iar Blackboard environment without adaptive capabi l ity. E-Iearning system B 

consisted of the same content implemented in a customised web site that can provide 
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adaptation. This is the multiplatform e-Iearning system. Three different browsers were 

used in the pilot evaluation. They were the Internet Explorer ( lE) browser 

representing a desktop computer, a pocket 2003 Internet Explorer (PIE) emulator 

representing a PDA environment, and an Openwave mobi le browser with emulator 

representing a mobile phone environment. During the pilot evaluation, each 

participant was asked to perform a total of five tasks with the two e-Iearning systems 

and three different browsers. Participants were not required to access e-Iearning 

system A using the Openwave browser emulator because B lackboard was unable to 

provide access to this browser without proper script support. Upon completion of each 

task with a specific browser and e-Iearning system, participants were asked to 

complete a set of questionnaires in response to the completed task. 

Although the number of participants was small, the pilot evaluation provided 

useful insights about the interaction between e-Iearning systems, accessing devices 

and learners. Some useful findings from the evaluation were as fol lows: 

a. While interacting with Internet Explorer and a desktop computer, participants felt 

that e-Iearning system A could generate a higher overal l learner satisfaction score 

(LSS) than e-Iearning system B .  This might be due to the fact that learners were 

more famil iar with e-Iearning system A (the B lackboard environment) than e­

learning system B .  

b .  While interacting with the PDA emulator, participants felt that e-Iearning system 

B could generate a higher overall learner satisfaction score (LSS) than e-Iearning 

system A. One possible reason m ight be the fact that e- learning system A did not 

provide any adaptation while e-Iearning system B provided appropriate adapted 

content. For example, an animated gif was del ivered when a Flash player was not 

detected for e-Iearning system B.  

c .  When using a mobile phone Openwave emulator to interact with e-Iearning 

system B, participants gave the lowest overall learner satisfaction scores even 

though adaptation had been provided. One possible reason might be that the 

screen size is too small for the learner. Moreover, navigating with the emulator 

can be unusual and tricky at times, as well as encountering a slower response from 

the emulator. 

d. Within the individual sub-dimension scores, the multimedia object with 

Openwave mobile phone browser had the lowest score. This perception again 

signals that content design for mobile phones with small screen display and 
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l imited multimedia rendering capabi lity may not be easy when trying to produce a 

significant learning experience that can satisfy learners. 

Besides analysing quantitative data such as the overal l  learning satisfaction score 

(LSS), qual itative data were also col lected from participants through written 

comments. These comments were useful in explaining some of the scores and how 

participants perceived the interaction using multiple accessing devices. Some of the 

comments written by participants are shown here : 

a. One participant commented on the response time. The participant suggested that 

"The emulators might not truly represent the real situation and hence some of the 

results might not be convincing. For example the response time might be slower in 

the actual situation than in the lab environment". In the evaluation using real 

mobile devices, the response time was comparable with the emulators. 

b. Another participant commented on the mobility and portabi lity features of the 

mobile devices. The participant suggested that "In the emulator environment, the 

learner is in a lookup mode and both hands are free whi le with an actual mobile 

phone, only one hand is free and this will affect how navigation can be done". In 

the evaluation using real devices, the mobil ity and portabi l ity features were 

perceived very positively in the use and adoption of mobile devices for e-Iearning. 

c .  With regards to multimedia design, one participant commented that "The 

animated gif did not convince me that it is useful because the learner is not able to 

interact with the animated gif as opposed to ful l  Flash interaction . Using a 

sequence of images with some interaction m ight be helpful and no text in images 

for very small screen devices as it is difficult to read and doesn't serve the 

purpose". Animated images were replaced with a sequence of interactive images 

during the real devices evaluation. 

The pi lot evaluation pointed to the fact that emulators can have l imitations and 

thus real devices should be used to conduct actual experiments. Secondly, providing 

adaptive content delivery to mobile phones may not necessarily satisfy learners due to 

small screen size and navigation problems. A more detail investigation shall be made 

in the final evaluation. 

SB.2.2 Overall learner satisfaction score 

This part of the analysis is to support research question three (RQ3) .  The 

statistical method intends to be simple. It provides the designer with a quick 
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understanding of the systems under investigation. Table 5B .2 depicts the overall 

learner satisfaction score with respect to different experiment conditions organised by 

accessing devices and e-Iearning systems. Each individual cell in the table is an 

average over six participants on the overall learner satisfaction score taken from part 

four of the multiplatform e-Iearning system questionnaires (MELQ). The overall 

learner satisfaction questions contain six items where the participants responded 

according to their learner satisfaction after each completed task. It provides an 

aggregate score on interacting with the e-Iearning systems without getting into 

detailed measures. From Table 5B .2, the fol lowing general observations can be made: 

a. From the overall ranking and scores, participants seemed to prefer multiplatform 

e-Iearning system B rather than e-Iearning system A, which is a traditional e­

learning system based on the Blackboard e-Iearning system. The impl ication could 

be that the multiplatform e-learning system was capable of adapting to the 

experiment situations and managed to provide better content as perceived by the 

participants than e-learning system A .  

b .  By comparing learner satisfaction scores according to accessing devices, 

participants seemed to accord higher learner satisfaction scores (LSS) for PCs than 

PDAs and for PDAs than mobile phones in that order within each e-Iearning 

system.  The ordering of the accessing devices may suggest that participants 

perceive that smaller mobile accessing devices will not be more satisfying than 

bigger desktop devices unless the adaptation process can modify such perception. 

c. With an appropriate adaptation process, a mobile phone can achieve a better 

learner satisfaction score in multiplatform e- Iearning system B than a PDA device 

without adaptation in e-learning system A. Moreover a PDA device with 

appropriate adaptation can achieve a better overall learner satisfaction score than a 

PC without adaptation. Therefore it may imply that with the right adaptation 

process a learner' s pre-perception can be altered. 

d .  The best overall ranking is PC with multiplatform e-Iearning system B .  I t  achieved 

number one ranking and attained a mean score of 6.7 out of 9. The worst ranking 

is mobile phone with e-Iearning system A. It achieved a mean score of 2.7 out of 

9. Thus mobile phone access with no appropriate adaptation is unlikely to be 

successful. 

1 54 



Table SB.2 Mean overall learner satisfaction score (LSS) 

Conditions 
PC PDA Mobile 

A B A B A B 

S I :  Benchmark 7.0 7.3 5 .6 6.0 2 .8  5 .9 

S2: Offline 6.9 7.5 6.3 7 .0 2 . 1  5 .2 

S3: Interruption 5.7 6.3 4.9 6 . 1  2.7 5 .2 

S4: Pre-fetch 5.8 6 .4 5 .6 7 .2 3 . 5 6.4 

SS: Urgency 5 .7 5 .7 4.8 6.2 3 .0 4 .5  

S6: Self Explore 7.5 7.5 5.0 6.4 2.2 6.4 

Total Score 38.6 40.7 32.2 38 .9 1 6.3 33 .6 

Mean score 6.43 6.78 5.37 6.48 2 .72 5 .60 

Rank 3 1 5 2 6 4 

SB.2.3 Analysing the self-directed exploring condition 

Condition six represents the situation where no personal help was given to the 

participants during the experiment process. The analysis is intended to provide 

findings to support research question two (RQ2). The preliminary training procedure 

was identical to other experiment conditions. However, participants could only seek 

help if the experiment would not proceed without resolving the issues. In contrast, 

other experiments conditions encourage participants to seek help any time. This 

condition was intended to simulate the condition where a learner is l ikely to act alone, 

as is frequently the case in a mobile environment. Six participants took part in the 

evaluation. A total of 44 questions were asked either directly or indirectly. These 

questions were recorded and subsequently categorised according to the multiplatform 

e-learning systems questionnaires (MELQ). Of the 44 questions, activity 5 where 

participants used a mobile phone to access e-learning system A contributed to half of 

the queries. Another 32% of the questions were due to using a PDA, equally divided 

between e-learning systems A and B. A low 7% of the questions were due to activity 

6. In total, these account for 89% of the questions participants asked due to mobile 

devices. Other aspects of the questions asked were minor as shown in Figure 5B.3 .  

Some of the common questions were: 

"How do you navigate in site A with a cell phone?" 

"How to use textbox input with a cell phone?" 

"How do you input the password ' 1 2345' with a cel l  phone? 
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"How do you navigate to the Physics 1 0 1  folder in a cell phone?" 

"How do you navigate and highlight links with a mobile in site A?" 

As there was no video recording during the evaluation; the researcher observed 

the participants and the experiment process carefully at a distance. It was observed 

that while using a mobile phone to access it, participants tended to lose connection to 

e-Iearning system A by accidentally pressing the wrong keys on the cell phone 

(learners were not familiar with the exit and stop button). Further analysis also 

revealed that these participants had used at least three other browser types and had 

considerable interactive experience and all used SMS to send text messages. 

Therefore it is l ikely that that the Opera/Nokia 6600 system had a substantial 

ergonomic problem with device navigation and browser capabil ity when the e­

learning system did not provide adaptations that matched the device capabil ities. The 

device ergonomic issues contributed to 36% of the questions asked, as shown in 

Figure 5B .4. 

Another factor that was l ikely to produce a lower overall learning satisfaction 

score was that participants were incapable of fol lowing the instructions that were 

written on the evaluation sheet. This contributed to 27% of the questions asked, as 

shown in F igure 5B.4. The consequence of not complying with the written 

instructions was that participants eventually got "lost" in the evaluation process and 

subsequently penalised the learning satisfaction by perceiving it negatively. This 

negative experience was further exacerbated in e-Iearning system A rather than in 

multiplatform e-Iearning system B. Some of the common questions associated with 

not complying with written instructions are l isted below: 

Why there was no response from the interaction l ink when using a PDA with e­

learning system A? 

(Participants did not follow instruction to cancel "steps".) 

Which URL site should I access? 

(Participants used ''physicsl 01 .html" instead of physicsl 01 E.html.) 

What is the password? 

(The instruction says "12345 '') 

Why can't  I login using 'p I ' ?  
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(The instruction says capital "P ") 

Why I don't see any multimedia? 

(Participants used module 2 instead o/module 1 in PDA-site A) 

While some of these problems could be m inimised by re-structuring the 

instructions, one cannot total ly ignore the fact that these problems and mistakes, 

which are related to the learner, will not disappear. These problems would have an 

inherent impact on the learner' s assessment of the overall learning satisfaction under a 

multiplatform environment. It is envisaged that such problems wil l  diminish as a 

learner gets used to the system.  

Another factor that was closely related to device ergonomics was learners' 

inabil ity to learn and operate the browser correctly with their knowledge, skil ls, 

experience and intuition. As shown in Figure 5B.4, this factor contributed to 20% of 

the queries. This lack of abil ities on the part of the learner was manifested in use of 

both mobile and desktop devices, though in the case of the mobile device it was 

slightly more severe. For example, one participant asked how to open multiple 

windows in Internet Explorer to revisit content and how to complete exercises, 

although the participant had been using lE for many years. This incident suggests that 

the user might have been using lE for long enough but did not necessarily acquire the 

experience, knowledge and intuition to operate the browser effectively. I n  the case of 

a mobile browser, some of the most frequently encountered issues were as fol lows: 

a. Partic ipants frequently navigated to the wrong l inks. 

b .  Participants were not able to input into a text box and submit the password 

" 1 2345" with e-learning system A .  

c .  Participants were not able to use a cel l  phone to login to e-learning system A. 

d. Partic ipants were not able to navigate and h ighl ight in a text box, nor were they 

able to launch a web page from the Opera browser. 

These observations strongly suggest that even though training and demonstrations 

were provided to all the participants, individual skil l s, knowledge, intuition and sense 

of operation had significant influence on their abi lity to operate the e-learning system 

successfully .  Thus to achieve a better learning satisfaction and subsequently the 

adoption of a multiplatform e-learning system, learners must be trained in different 

conditions to the extent that they can achieve a specific level of skill, experience, 

confidence and capabil ity prior to launching the multiplatform e-learning system. 
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SB.2.4 Degree of influence and relationships 

One of the key research questions in this study is to examine and val idate the 

degree of influence on overall learning satisfaction by the d imensions and sub­

dimension factors identified in the multiplatform e- learning systems framework 

(SQ l ). Another question is to examine the groupings (relationships) among these 

factors (SQ2). This section intends to achieve these objectives through the use of 

correlation technique to establish the required statistics and to avoid masking by 

strong factors (Hair et ai . ,  1 995, p. 1 9 1 ). Correlation technique is also common in 

measuring relationship between factors and user satisfaction score (B2B, 2005) . 

Correlation analysis between all the factors and overall learner satisfaction produced a 

set of correlation coeffic ients and its significance level .  The larger the coefficient 

value, the stronger the relationship is between the factor and the overall learner 

satisfaction measure (Hair et aI., 1 995, p. l 7 1 ;  Garson, 1 998). Upon generating the 

correlation coefficients using Pearson's  correlation, each factor is ranked according to 

their values for the ease of visual isation. Subsequently all the coefficients were 

averaged within the content dimension (0 1 ), learner dimension (D2), device 

dimension (03), communication dimension (04) and coordination dimension (05) 

respectively to obtain an indicative value. The correlation analysis was performed 

independently for e-Iearning system A and multiplatform e-Iearning system B.  

By examining the statistics that were generated in  Table 5B .3, several 

assessments could be made. First, all the correlation coefficients were positive and 

statistical ly significant at 0.00 1 levels except LER-EN (P<0.05). This implies that all 

the factors were positively and significantly influencing the overall learner 

satisfaction score. It also meant that the relationship between factors and overal l  

learner satisfaction identified in the framework were al l  valid. Second, the degree of 

influence among the factors on the overall learner satisfaction score was not uniform. 

This meant that some factors can be more influential than others. 

With reference to correlation statistics for e-learning system A in Table 5B.3 and 

the multiplatform e-Iearning system in Table 5B.3,  the following observations can be 

made: 

a. In e-learning system A, the maximum correlation coefficient was due to content 

organisation (CON-OR, 0.86) whi le the minimum correlation coefficient was due 

to learner environment (LER-EN, 0.05). The spread was about 0.8 1 .  The 

correlation coefficient for multiplatform e-Iearning system B had a range from 
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0.76 (CON-OR) to 0. 1 8  (LER-EN). The spread was about 0.58, which is lower 

than e-learning system A. A wider spread in a system is normally associated with 

more variation and less stabil ity. Thus participants may have perceived 

multiplatform e-learning system B to be more stable than e-learning system A 

because of its adaptive capability. The consequence of a stable e- learning system 

is that it can faci l itate better opportunities for learning. 

b. The mean correlation coefficients by dimension in multiplatform e-learning 

system B had a narrower spread than in e-learning system A. The implication is 

that a l l  dimensions are treated equally. An equalisation effect has occurred. 

c .  The top five factors perceived most influential for e-learning system A were 

organisation (CON-OR), del ivery (COM-OE), navigation (COO-NA), ergonomics 

(OEV-ER), and response (COM-RE). The top five factors perceived most 

influential for multiplatform e-learning system B were organisation (CON-OR), 

del ivery (COM-OE), navigation (COO-NA), interaction (COO-IN), and pedagogy 

(CON-PE). The pedagogy factor (CON-PE) in the content dimension and 

interaction (COO-IN) in the coordination dimension emerged and replaced 

perceived response (COM-RE) and ergonomics (OEV-ER) in e-learning system A 

as the influential factors in e-learning system B.  As e-learning system B was 

perceived to be more stable than e-learning system A, several negative effects due 

to lack of adaptive capabil ity would have been overcome. In e-learning system A, 

participants had expressed difficulty in manoeuvring especial ly using mobile 

devices. Moreover, content could be missing due to lack of adaptive capabil ity. 

Once these obstacles had been overcome in multiplatform e-learning system B, 

participants could address higher e-learning issues such pedagogy and 

interactions. 

d. In e-learning system A, the dimensions that had a stronger influence on overall  

learner satisfaction were the coordination dimension (05), device dimension (D3), 

communication dimension (D4), content dimension (0 1 )  and learner dimension 

(D2) in that order. The learner d imension (02) remained the least influential 

dimension. In multiplatform e-learning system B, the dimensions that had stronger 

influence on overall learner satisfaction were the coordination dimension (D5), 

content dimension (0 1 ), device dimension (D3), communication dimension (D4), 

and learner dimension (02) in that order. This order is distinctly different from the 

order of e-learning system A. The significant difference was that the content 
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dimension (D 1 )  was the second most influential factor and the device dimension 

(D3) was the third most influential. Though the learner dimension (D2) remained 

the least influential dimension the mean correlation coefficient improved 

significantly. The reason for the content dimension to be more significant in 

system B is probably that adaptive capability had allowed participants to consider 

higher learning issues which are not possible in e- Iearning system A, where 

participants were busy dealing with device issues. 

SB.2.S Grouping behaviour in factors 

The analysis so far has shown that the factors within the multiplatform e-Iearning 

system were valid and statistically significant in influencing overall learner 

satisfaction through correlation analysis. This section intends to provide support for 

research sub-question two (SQ2). By comparing these coefficients of multiplatform e­

learning system B and e-learning system A and using simple trend analysis, one 

noticed that the correlation coefficients had been equalised in multiplatform e­

learning system B .  Equal isation (EQ, 2005) means that the coefficient values are 

closer to each other and the spread is smaller. This  effect may imply that these factors 

were becoming equally influential and important as perceived by learners. This effect 

can only be noticed if two systems were used in the experiment instead on just the 

multiplatform e-learning system. Thus comparative study can provide such insight 

while studying a single system alone cannot unless the experiment is repeated after 

enhancement. Table 5B.3 showed the differences in correlation coefficients between 

multiplatform e-learning system B and e-learning system A. A positive value 

indicates that the correlation coefficient is higher in e- learning system B and a 

negative value indicates otherwise. With reference to Table 5B .3, the factors of 

environment (LER-EN), help (LER-HE), motivation (LER-MO) and preference 

(LER-PR) in the learner d imension (02) and granularity (CON-GR) and pedagogy 

(CON-PE) in the content d imension (0 1 )  improved their correlation coefficients. 

While the improvements may not all be significant, the improvement in the values 

may indicate that learners had the opportunity to assess these factors as influential. 

This could happen provided the ergonomic obstacles in e-learning system A have 

been resolved or reached a threshold level of satisfaction. Thus the factors LER-EN, 

LER-HE, LER-MO, LER-PR, CON-GR and CON-PE are termed secondary factors as 

they appeared more influential and relevant once the primary factors reached a 
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threshold. Conversely the factors in D3, D4 and D5 all  have lower correlation 

coefficients in e-Iearning system B than in e-Iearning system A. These are the 

dominant factors that influence overall learner satisfaction in the traditional e-learning 

system A. These dominant factors are termed primary factors as they provided the 

main influences. Primary factors are indicated as a negative sign and secondary 

factors are indicated as a positive sign in the last column of Table 5B .3 .  A high 

positive value indicates a strong secondary factor while a h igh negative value 

indicates a strong primary factor. In multiplatform e-Iearning system B, correlation 

coefficients of primary factors decreased while secondary factors increased. 

Thus far two groups of factors have been identified among the correlation 

coefficients. Primary factors were dominated by D3, D4 and D5 while secondary 

factors were dominated by D 1  and 02. Designers can take advantage of the features 

by observing the emergence of the equalisation effect and secondary factors as an 

indication of a stable and wel l  adapted e-Iearning system. This is l ikely to happen 

when the multiplatform e-Iearning system overcomes the threshold dominated by 

primary influencing factors . 
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Table 5B.3 Dimensions Ranking, Factors Ranking and Correlation Coefficients 

System A System B 

Factor 
Average 

Factor 
Average Primary 

Dimensions Factor 
Factors 

Correlation 
Factor Coefficient Dimension 

Correlation 
Factor Coefficient Dimension Changes in and 

Meaning 
Coefficien t 

Rank By Rank 
Coefficient 

Rank By Rank Correlation secondary 
Dimension Dimension Coefficient factor 

CON-GR Granule 0.50 1 3  0.61  1 0  0. 1 1  + 

Content CON-MU Multimedia 0.74 6 0.58 I I  -0. 1 6  -
D I  

0.67 4 0.66 2 
CON-OR Organization 0.86 I 0.76 I -0.09 -

CON-PE Pedagogy 0.58 1 2  0.67 5 0.09 + 

LER-EN Environment 0.05* 16 0. 1 8 ·  1 6  0. \ 3  + 

Learner LER-HE Help 0.27 1 5  0.45 1 5  0. 1 8  + 
D2 

0.33 5 0.44 5 
LER-MO Motivation 0.39 14 0 . 5 1  1 4  0. 1 2  + 

LER-PR Preference 0.60 1 1  0.62 9 0.02 + 

Device DEV-ER Ergonomic 0.80 4 0.65 8 -0. 1 5  -
D3 

0.75 2 0.65 3 
DEV-PR Presentation 0.69 9 0.65 6 -0.04 -

COM-DE 
Delivery 

0.84 2 0.73 
Communication Mode 2 -0. 1 1  -

D4 COM-ST Stability 0.63 1 0  0.74 3 0.57 1 3  
0.62 4 

-0.06 -

COM-RE Response 0.74 5 0.57 1 2  -0. 1 8  -

COO-IN Interaction 0.72 8 0.69 4 -0.02 -
Coordination 

COO-NA Navigation 0.8 1 3 0.75 1 0.71 0.69 1 
D5 3 -0. 1 0  -

COO-PR Presentation 0.72 7 0.65 7 -0.07 -

*P<O.05, all others P<O.OOl 
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SB.2.6 Analysing interview data 

Apart from quantitative data, qual itative data were also collected through 

interviewing and observing participants. Some comments from the participants are 

provided below. In general, interviews can discover more specific details. This  section 

intends to provide support to research question two (RQ2). It also provides a mean to 

cross check the comments written in the MELQ form. The comments were also 

aligned with the analysis from the MELQ questionnaire. When the participants were 

asked what they disl iked about e-Iearning system A, one participant commented as 

follows: 

" I  dislike that the e-learning system as it is often confusing and hard to navigate using 

the tools on the side bar, it has quite frequent disruptions and has either not enough 

information to get you where you want to go in a hurry, or it takes a while to get there 

through many steps". Thus, using a side bar for navigation may not necessarily be 

preferred in a multiplatform e-Iearning system. The comments also signal led that 

good navigation design and understanding learner preferences can influence learner 

satisfaction. 

When the participants were asked what they disl iked about multiplatform e­

learning system B, one participant commented as fol lows: 

"The only thing that I was unsure of was that it wasn 't immediately c lear if one had 

answered all the questions correctly at the end as no 'final score' was given. The style 

of testing meant that there could technically be no competition aspect to the test. 

While you would know straight away if you had something wrong, you would sti l l  be 

able to 'pass' simply by trying each answer until you got the right one". The 

participant was clearly concerned with the teaching strategy as included in the 

pedagogy sub-dimension that affected his learning satisfaction. 

When asked what they l iked about e-Iearning system A, one participant 

commented as follows : 

"I l ike the learning style, it al lows you to learn at your own pace and go over 

information as necessary". The participant clearly expressed his acceptance of the 

"revisit" teaching strategy as included in the pedagogy sub-dimension. 

When asked what they l iked about multiplatform e-Iearning system B, one 

participant commented as follows: 

"I l iked the look very much; it was much simpler and clearer to read than the 

B lackboard site (e-Iearning system A). While looking at the information on 
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Blackboard I found my eyes skimming over -information a bit, it was hard to 

concentrate on all the words. I would probably prefer a more rounded font as it' s  

easier to look at. But the layout was good, the home button is helpful and it took me 

where I expected it to take me". This  comment appeared to reflect that content 

organisation, layout and learner preference were affecting the participant's learner 

satisfaction. 

Other participants had simi lar com ments and in general found multiplatform e­

learning system B much more satisfying then e-Iearning system A. Participants also 

commented negatively on the navigation aspect of e-Iearning system A with mobile 

phone access. These comments coincided with the findings in the questionnaire. 

With respect to PDAs, participants expressed difficulty with the device interface. 

They did not find it easy to use. A participant commented about the "zooming" and 

"show all" features of the PDA while exploring the embedded Flash animation as 

fol lows: 

"While I l iked both the Flash demonstrations in this, I found it hard to use the pen to 

change the settings on them and had to resort to zooming in up close to make the pen 

move the animations, then move the whole screen around to see the result. It was hard 

to navigate and I couldn't see the entire effect too clearly always . . .  " This comment 

signal led that whi le Flash animation was included as part of the learning content to 

improve learning, the inabil ity to use it satisfactorily was l ikely to adversely influence 

the learner satisfaction and subsequently result in negative satisfaction overal l .  

Conversely, the capabilities of "zooming" and "show a l l "  i n  PDA may not be 

perceived as a useful tool for interactive multimedia thus affecting the ergonomic sub­

dimension in the device dimension. 

Overall the interviews were very useful and informative in reaffirming the 

findings derived from the MELQ questionnaire. Through interviews specific areas in 

content organisation, pedagogy, navigation, and ergonomics were identified. These 

specific items such as navigation bar, "zooming", and fonts would be useful for 

designer to enhance the usabil ity ofthe final system if required. 
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SB.2.7 Analysing qualitative data 

During the evaluation, participants were asked to document what they l iked and 

disl iked about the e-Iearning systems, the different accessing devices and the 

interactions. The questions were asked after each completed task. Subsequently, the 

responses were coded according to the dimensions and sub-dimensions as they 

appeared in the MELQ questionnaire. Again this section is to further support research 

question 2 and research sub-question two (RQ2 and SQ2). Each statement was 

examined for the factors that best matched the participant' s  qual itative responses. A 

total of 502 responses were subsequently coded. Table SB.4 depicts a summary of 

positive and negative responses with respect to e-Iearning system A and multiplatform 

e-Iearning system B, categorised according to three different accessing devices. Table 

SB .S  depicts a summary of positive and negative responses organised according to 

devices and dimensions. From these results, the previous findings regarding 

multiplatform e-Iearning systems and the factors influencing overall learner 

satisfaction can be reaffirmed. A summary of findings is provided below: 

a. Overall, e-Iearning system A col lected 1 69 (34%) negative responses whi le 

multiplatform e-Ieaming system B collected 1 1 7 (23%) negative responses. For 

positive responses, e-Iearning system A collected 84 ( 1 7%) responses while e­

learning system B col lected 1 32 (26%). There were more positive responses and 

less negative responses for multiplatform e-Iearning system B. Participants 

seemed to perceive multiplatform e-Iearning system B better than e-Ieaming 

system A. The adaptive capabi l ity of the multiplatform e- Iearning system seemed 

to perform wel l .  

b.  Using a mobile phone with e-Iearning system A achieved a mere 2% positive 

responses while 8% positive responses were achieved by multiplatform e-Iearning 

system B .  For PDAs, e-Iearning system A collected 6% positive responses wh i le 

multiplatform e-Ieaming system B collected 8% positive responses. For negative 

experience responses, e-Iearning system A collected 1 1  % whi le multiplatform e­

learning system B collected 8%. These numbers again showed that with respect to 

mobile devices multiplatform e-Iearning system B was perceived to be better than 

e-Ieaming system A. 

c. To get more details, factors which were being perceived positively in both e­

learning systems were determined. From Figure SB.S(a), the ergonomic factor in 

the device dimension (DEV-ER) and the pedagogy factor in the content dimension 
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(CON-PE) were two main items l iked by learners in e-Iearning system A with a 

positive occurrence of 22 and 1 6  times respectively. From Figure SB.S(b), the 

perceived response factor (COM-RE) in the communication dimension, 

ergonomic factor in the device d imension (DEV-ER), pedagogy factor in the 

content dimension (CON-PE) and navigation factor (COO-NA) in the 

coordination dimension were the major items l iked by the learners in e-Iearning 

system B with occurrences of 24, 24, 2 1 ,  and 1 7  times respectively. 

d .  From Figure SB .6(a), learners seemed to disl ike perceived response In the 

communication dimension (COM-RE), presentation in the device dimension 

(DEV-PR), navigation in the coordination dimension (COO-NA), presentation in 

the coordination dimension (COO-PR) and ergonomics in the device dimension 

(DEV-ER) when interacting with e-Iearning system A. These factors had 

occurrences of 37, 30, 29, 1 9, and 1 8  times respectively. From Figure SB .6(b) 

learners disliked device presentation in the device dimension (DEV -PR), 

ergonomics in the device dimension (DEV -ER), navigation in the coordination 

dimension (COO-NA), perceived response in the communication dimension 

(COM-RE) and preference in the learner dimension (LER-PR) while interacting 

with e-Iearning system B. These factors had occurrences of 27, 1 8, 1 7, I S  and 1 0  

times respectively. 

e .  Close examination of these factors revealed that some of them appeared both in 

the positive and negative response l ists which may imply that these factors were 

perceived as more relevant to the participants under the multiplatform e-learning 

system environment. These factors were also similar to the earlier findings 

through correlation analysis and interviews. 

f. With respect to PCs, DEV-ER and CON-PE were the two main factors viewed 

pos itively in e-learning system A as shown in Figure SB .7(a) while CON-PE, 

DEV-ER and COM-PR were the main factors viewed positively in e-learning 

system B as shown in Figure SB .7(b). During the evaluation conditions learners 

experienced a faster response in multiplatform e-learning system B than e- Iearning 

system A, hence a positive comment on perceived response COM-PR is no 

surprise. The content dimension (0 1 )  and device dimension (D3) for both e­

learning systems were the main focus ofthe participants. 

g. With respect to PCs, the negative responses from e-learning system A were 

mainly COO-NA, COM-PR, LER-PR; and CON-OR as shown in Figure SB.8(a) 
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while the negative responses from e-Iearning system B were mainly LER-PR and 

COO-NA as shown in Figure 5B .8(b). Learners were concerned with most of the 

dimensions in e-Iearning system A except the device dimension with which 

participants were very fami liar. For multiplatform e-Iearning system B, learners 

were mainly concerned with the coordination dimension (D5) and learner 

dimension (D2). 

h .  With respect to POAs, the positive comments with respect to  e-Iearning system A 

were due to DEV-ER as shown in F igure 5B .9(a) whi le the positive comments 

with respect to e-Iearning system B were due to COO-PR, OEV-ER, COM-PR, 

CON-PE, and CON-OR as shown in Figure 5B .9(b) . The focus in e-Iearning 

system A with POAs was mainly on the ease of use of the device and browser 

(OEV-ER) whi le the focus in e-Iearning system B was the presentation of content 

(COO-PR). It seemed that content and its presentation in e-Iearning system A did 

not succeed in getting the learners' attention as the adaptation from Pocket lE was 

not really favoured by learners. The device dimension (D3) and content dimension 

(0 1 )  were of concern for learners for e-Iearning system A while the device 

dimension (D3) and coordination dimension (D5) were the main concerns of 

learners for e-Iearning system B .  

I .  With respect to POAs, the negative comments with respect to e-Iearning system A 

were due to OEV-PR, COM-RE, COO-PR and COM-ST as shown in F igure 

5B . 1 0(a). The negative comments with respect to e-Iearning system B were due to 

OEV-ER, OEV-PR and COO-IN as shown in F igure 5B . I O(b) . Device capabi l ity 

issues contributed to most of the negative responses. Interaction issues were raised 

in e-Iearning system B due to some difficulties interacting with the multimedia 

object. The communication dimension (D4), coordination dimension (05) and 

device dimension (D3) contributed to the negative responses. 

J .  With respect to mobile phones, there were no significant positive responses for e­

learning system A. For e-Iearning system B, the positive responses were mainly 

from COM-PR and COO-NA as shown in Figure 5B. 1 1 (b). E-Iearning system A 

was disl iked by learners as it was not able to adapt to mobile phones with 

meaningful presentation and navigation. Compared to e-Iearning system A, e­

learning system B is able to adapt to mobile phones with faster response and 

organisation and thus makes navigation easier. The coordination dimension (05) 
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and communication dimension (D4) contributed to most of the positive responses 

in e-Iearning system B. 

k. With respect to mobile phones, the negative comments with respect to e-Iearning 

system A were COM-PR, COO-NA, DEV-PR, DEV-ER and COO-PR as shown 

in Figure SB . 1 2(a). The negative comments with respect to e-Iearning system B 

were DEV-PR, COM-PR, COO-NA, and DE V-ER as shown in Figure SB. 1 2(b) . 

The device dimension (D3), coordination dimension (DS) and communication 

dimension (D4) contributed to most of the negative comments. 

In summary, positive responses were due mainly to the content dimension (D 1 ), 

device dimension (D3) and coordination dimension (DS) while negative responses 

were due mainly to the device dimension (D3), communication dimension (D4) and 

coordination d imension (D5) as shown in Table 5B .6. These findings seemed to imply 

that if adaptation were less than perfect and ideal, as in e-Iearning system A and 

especially for mobile devices, accessibil ity problems would be encountered before 

content problems. Learners would be l ikely to focus their attention and blame on the 

device dimension (D3), coordination dimension (D5) and communication dimension 

(D4). On the other hand if the adaptations were more successfu l, and when learners 

managed to cross the hurdle of accessibil ity and were subsequently able to interact 

with the content, then learners can assess the content dimension (D 1 ). The successful  

adaptation also resulted in  favourable responses for D3 and DS .  Thus one can 

conclude that these observations seem to suggest that there are two levels of 

responses. The first level of response consists of the device dimension (D3), 

communication dimension (D4) and coordination dimension (DS) and the second 

level of response consists of the content dimension (D 1 )  and learner dimension (D2). 

Learners must cross the first level before entering into the second level to have 

meaningful interaction experiences and responses on D 1 and D2. These findings are 

consistent with the primary and secondary factor findings earl ier. 
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Table 5B.4 Positive and negative responses 

e-Iearning s\ stem A e-Iearning s\ stem B 
Positive % Negative % Positive % N egative % 

PC 47 9% 39 8% 50 1 0% 29 6% 
PDA 29 6% 56 1 1 %  42 8% 41  8% 

Mobile 8 2% 74 1 5% 40 8% 47 9% 
Total 84 1 7% 1 69 34% 1 32 26% 1 1 7  23% 

Table 5B.5 Positive and negative responses organised by dimensions and devices 

e-Iearnin� system A e-Iearnin� system B 
Dimensions Positive % Negative % Positive % Negative 

PC D1 24 5% 8 2% 2 1  4% 4 
D2 2 0% 8 2% 0 0% 9 
D3 1 4  3% 4 1 %  1 3  3% 3 
04 2 0% 9 2% 1 1  2% 3 
D5 5 1 %  1 0  2% 5 1 %  1 0  

PDA D1 8 2% 3 1 %  1 3  3% 3 
D2 0 0% 1 0% 0 0% 1 
D3 1 3  3% 1 6  3% 7 1 %  21 
D4 1 0% 20 4% 6 1 %  7 
D5 7 1 %  1 6  3% 1 6  3% 9 

Mobile D1 1 0% 5 1 %  8 2% 3 
D2 1 0% 0 0% 0 0% 1 
D3 1 0% 28 6% 5 1 %  21 
D4 2 0% 1 7  3% 1 0  2% 14 
D5 3 1 %  24 5% 1 7  3% 8 

Total 84 1 7% 1 69 34% 1 32 26% 1 1 7 

Table 5B.6 Positive and negative responses organised by dimensions 

% 
1 %  
2% 
1 %  
1 %  
2% 
1 %  
0% 
4% 
1 %  
2% 
1 %  
0% 
4% 
3% 
2% 

23% 

e-Iearnin� system A e-Iearnin� system B Sub Total 
Dimensions Positive % Negative % Positive % Negative % Positive N egative 

D1 33 7% 16 3% 42 8% 1 0  2% 1 5% 5% 
D2 3 1 %  9 2% 0 0% 1 1  2% 1 %  4% 
D3 28 6% 48 1 0% 25 5% 45 9% 1 1 % 1 9% 
D4 5 1 %  46 9% 27 5% 24 5% 6% 1 4% 
D5 1 5  3% 50 1 0% 38 8% 27 5% 1 1 % 1 5% 

Total 84 1 7% 1 69 34% 1 32 26% 1 1 7 23% 43% 57% 
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SB.2.8 Comparison test between e-Iearning systems 

The multiplatform e-Iearning systems framework emphasised five dimensions for 

which adaptation can be implemented to improve overal l  learner satisfaction. One of 

the research questions is  to determine whether the multiplatform e-Iearning system 

actually achieves its goal of improving learner satisfaction (RQ3). This section 

intends to provide support for research question three (RQ3). To val idate this claim, 

ANOV A paired samples test was conducted between the two systems under 

evaluation. Paired samples test is commonly used for repeated measures data such as 

before and after measurements for the same group (se gal l et aI., 2005). The overal l  

learner satisfaction score (LSS) was assigned as the dependent variable for the two e­

learning systems. All  LSS scores were used irrespective of accessing devices and the 

ANOV A test was performed. The test supported the claim that multiplatform e­

learning system B can achieve its goal of enhancing overall learner satisfaction scores 

over e- Iearning system A. 

Table 5B.7 depicts the mean difference in overall learner satisfaction score with 

respect to e-Iearning system A and multiplatform e-Iearning system B .  The t( 1 07, -

8 . 1 1 4) test indicates that there is a significant difference between the mean scores of 

e-Iearning system A and B. From Table 5B.7 the mean score of e-Iearning system B is 

higher than e-Iearning system A (6.329 and 4 .897). Hence there is evidence that the 

multiplatform e-Iearning system B can enhance overall  learner satisfaction over the 

traditional e-Iearning system A. 

Table SB.7 Paired samples test between systems 

Sig.  
(2-

Paired Differences t df tailedl 
95% Confidence 

Interval of the 
Std. Difference 

Std. Error 
Mean Deviation Mean Lower U�er 

e-Iearni n g  system 
A - e-Iearning -1 .43 1 8  1 .8338 . 1 765 -1 .78 1 6  -1 .0820 -8. 1 1 4  1 07 .000 
system B 
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5B.2.9 Gain in multiplatform e-Iearning system 

Previous analysis had determined that overall the multi platform e-learning system 

B can enhance learner satisfaction scores over traditional e-Iearning system A. RQ3 

has effectively being answered. However, to dig further could it be possible that the 

statistics were b iased by a particular accessing device? Thus this section intends to 

further support research question three (RQ3) by looking into specific device types. 

With this objective, the system gain is defined as the difference in mean learner 

satisfaction scores between system B and system A over that of system A, as shown 

below: 

Gain = 
LSS B LSS A 

LSS A 

To determine if the difference was statistically significant, separate ANOV A paired 

samples test was performed between system A and system B with the overall learner 

satisfaction score as the dependent variable for the two e-Iearning systems over three 

different accessing devices. Table 5B .8 depicts the respective system gain factors. The 

results of the ANOV A test clearly indicated that mobile phones achieved the highest 

gain of 1 03% and was significant at the 95% confidence level over all the evaluation 

conditions. This was followed by PDAs with a gain of 20% and was also significant at 

the 95% confidence level. These results also provided a good indication that content 

adaptation for mobile device access could achieve a very good return in learner 

satisfaction scores and that increased the likel ihood for adoption. On the other hand, 

PCs achieved a mere gain of 5% and this was not sign ificant at the 95% confidence 

level .  Therefore, the overall performance result obtained earl ier was likely to be 

biased by the contribution from the mobile devices. This smal l gain also indicated that 

adaptation processes on PCs did not achieve as much as desired. One possible 

explanation is that the PC is already the most famil iar system and the learner is 

capable of adjusting to the system. Another possible reason might be that the 

experiment conditions did not trigger many significant differences between the two 

systems with PC access. It may also suggest that the adaptation process may not be 

uniformly appl ied across different devices and more specific device dependent 

adaptation processes may be required. 
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Table SB.8 System gain comparison 

System A System B 
Sig. of the 

difference 
Device Mean Mean Gain % t-value df 

LSS LSS 
(2-taiJed) 

PC 6.4 6.8 5 - 1 .928 35 0.062 

PDA 5 .4 6.5 20 -3.92 1 3 5  0.000 

Mobile Phone 2.7 5 .6 1 03 - 1 9.076 35 0 .000 

1 8 1  



SB.3 Structure equation modeling 

With the use of correlation analysis, the strength and significant of the 

relationship between the factors and learner satisfaction and the aggregated 

contribution of each dimension had been examined and validated. The findings may 

wel l  have already answered al l  the relevant research questions (SQ 1 and SQ2). 

However by looking deeper into the research questions, a further relevant question 

could be explored. Are there any interrelationships or interactions between the 

dimensions that could have an impact on learner satisfaction? This question is also 

relevant to research questions SQ l and SQ2. Understanding these interrelationships 

can be beneficial, for example, designers can establish criteria and priorities for 

design guidelines to improve the system to achieve better overall learning satisfaction 

and boost system adoption by modifying dimensions that have strong total impact. 

Therefore a statistical technique that could reveal such interrelationships is needed. To 

achieve the objective, structure equation modeling (SEM) at the dimensional level can 

be used. Structure equation modeling has a number of advantages over other multiple 

regression techn iques, including more flexible assumptions (particularly allowing 

interpretation even 10 the face of multicol l inearity) (SEM, 2006), the abil ity to 

estimate multiple and interrelated dependence relationships and correct for 

measurement error (Hair et aI . ,  1 995). The dimensional level SEM approach involves 

analysing the interrelationships between the five main dimensions. Thus SEM is 

suitable for this situation. A two steps approach using measuring model and structural 

model is adopted (Hair et aI . ,  1 995; Anderson and Gerbing, 1 988). In addition a 

comparison between e-Iearning system A and mu ltiplatform e-Iearning system B can 

reveal the transition and evolution effects of the interrelationships. 

SB.3. 1 Measurement model 

First, the independence of the samples was tested for the two e-Iearning systems. 

Durbin-Watson values for e-Iearning system A was 1 .753 and 2 . 1 27 for e-Iearning 

system B. These values are within the guideline of Durbin-Watson statistic (Durbin­

Watson, 2005) so the samples can be considered independent. Correlational statistics 

for the dimensions were generated from the final evaluation data. The correlations 

indicated discriminant validity for the dimensions. Discrim inant validity was assessed 

by determining the confidence interval around the correlation for each pair of factors. 

The confidence interval is equal to plus or minus two standard errors of the respective 
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correlation coefficient. If the confidence interval does -not inelude--1 .0 then 

discriminant validity is demonstrated (Anderson and Gerbing, 1 988 p4 1 6) .  The test 

indicated a good level of discriminant val idity for the measures. Table 5B .9 depicts 

the correlation coefficient, standard error and t-values between dimensions. 

Next a separate confirmatory factor analyses for both e-Iearning systems were 

further conducted to test their rel iabil ity. Table 5B . I 0  shows the path loadings, error 

variance, t-values, composite rel iability, mean, number of sample and standard 

deviation for each indicator and dimension. Reliabil ity was assessed by computing the 

composite rel iabi l ity coefficients for the dimensions (Hair et aI., 1 995); composite 

rel iabil ity values greater than 0.6 are desirable (Bagozzi and Yi, 1 988). In structural 

equation modeling composite rel iabil ity is a common approach rather than using 

coefficient alpha (Hair et aI., 1 995). As indicated in Table 5B . 1 0, the factor loadings 

for each of the dimensions was rather high except for multimedia (CON-MU) in e­

learning system A, and motivation (LER-MO) and preference (LER-PR) in both e­

learning systems. A slightly low loading suggested that these measures did not 

capture the dimension ful ly and did not behave in the same direction as other 

measures within the dimension. The loadings were high for other measures which 

translated into a high and acceptable composite rel iabil ity except for LER-MO, LER­

PR and CON-MU in e-Iearning system A. The overall analysis showed good 

rel iabi lity which is consistent with QUI S  (Chin et aI., 1 988). 

Convergent validity was establ ished from a review of the t-tests for the factor 

loadings. Al l  the t-tests were significant, which suggest that all indicators measured 

the same dimension (Anderson and Gerbing, 1 988). Table 5 B . l  0 shows that all of the 

t-values were greater than 2 .0 and significant at P<O.O 1 (Steenkamp and Van Trijp, 

1 99 1 )  except for CON-MU due to m issing data. The missing data for e-Iearning 

system A were due to the fact that e-Iearning system A was not capable to produce the 

appropriate multimedia during the experiment. For theoretical reason (chin et aI . ,  

1 988), these items were kept in the model .  
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Table SB.9 Correlation coefficients, standard errors and t-values between 

dimensions 

LSS 01 02 03 04 05 

LSS 1 

01 
Content 0.858 1 

(0.021) 
40.24 

02 
Learner 0.348 0.496 1 

(0.064) (0.056) 
5.472 8.921 

03 
Device 0.789 0.92 0.4 1 6  1 

(0.029) (0 .014) (0.06) 
27 .41 6 64 .441 6.895 

04 
Communication 0.81 3 0.84 0.364 0 .865 1 

(0 .026) (0 .023) (0.063) (0 .02) 
3 1 .71 36.3 16  5.823 43. 1 48 

05 
Coord ination 0.864 0.901 0.456 0.87 0.856 1 

(0.02) (0.016) (0.058) (0.02) (0.021) 
43.014 55.562 7.9 1 7  44. 1 48 41 .443 
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Path 

LSS1 0.95 
LSS2 0.95 
LSS3 0.88 
LSS4 0.88 
LSS5 0.67 
LSS6 0.86 

CON·OR1 0.91 
CON·OR2 0.97 
CON·OR3 0.80 
CON·GR1 0.79 
CON·GR2 0.88 
CON·GR3 0.42 
CON·MU1 0.41 
CON·MU2 0.52 
CON·MU3 0.25 
CON·MU4 0.68 
CON·MU5 0.02 
CON·MU6· 0.39 
CON·MU7 0.16 
CON·MU8 0.22 
CON·MU9 0.79 
CON·M U 1 0· 0.57 
CON·MU 1 1 ·  0.38 
CON·PE1 0.75 
CON·PE2 0.91 
CON·PE3 0.93 
CON·PE4 0.67 

LER·EN1 0.82 
LER·EN2 0.89 

I
LER.EN3 0.92 
LER·EN4 0.88 
LER·EN5 0.79 
LER·HE1 0.92 
LER·HE2 0.94 
LER·HE3 0.78 
LER·HE4 0.69 
LER·HE5 0.77 
LER·M01 0.98 
LER·M02 0.51 
LER·M03 0.50 
LER·PR1 0.67 
LER·PR2 0.65 
LER·PR3 0.53 
LER·PR4 0.67 

Table SB.I0  Standardised loading, error variance, t-value, and composite 

reliability 

e·learnlng system A e·learnlng system B 
0 T CR Mean N SO Path 0 T CR 

0. 1 0  1 3.08 0.95 4.7 1 08 2.3 0.91 0 . 17  1 2 . 1 7  0.92 
0 . 10  1 3. 1 6  4.5 1 08 2.4 0.92 0 . 16 1 2 .22 
0.22 1 1 .64 4.8 1 08 2.4 0.84 0.30 1 0.56 
0.22 1 1 .54 5.1  1 08 2.5 0.77 0.41 9.30 
0.55 7.78 5.5 1 07 2.0 0.69 0.52 8.03 
0.26 1 1 . 1 4  4.7 1 08 2.5 0.74 0.45 8.85 

01 01 

0.1 7  1 2 .04 0.92 0.93 5.4 1 08 2.7 0.86 0.27 1 0.80 0.89 0.97 
0.05 1 3.51 5.1 1 08 2.7 0.85 0.28 1 0.70 
0.37 9.82 5.6 1 08 2.3 0.87 0.25 1 1 .06 
0.38 8.99 0.75 6.1  1 08 2 .0 0.89 0.21 1 0.89 0.77 
0.23 1 0.34 5.8 1 08 2.4 0.79 0.38 9.27 
0.82 4.26 6.4 1 07 1 .7 0.46 0.79 4.71 
0.83 0.69 6.6 56 1 .9 0.89 0.20 1 1 .56 0.95 
0.74 6.7 55 1 .8 0.90 0 . 19  1 1 .83 
0.94 6.5 55 1 .9 0.83 0.31 1 0.27 
0.54 6.4 43 2.5 0.81 0.35 9.1 4  
1 .00 6.9 39 2.2 0.79 0.38 8.75 
0.85 6.2 52 2.3 0.73 0.46 8.46 
0.98 4.9 1 7  3.3 0.84 0.30 6.60 
0.95 4 .1  16 3 .1  0.79 0.38 5.52 
0.38 6.4 65 1 .7 0.81 0.34 1 0 .04 
0.67 6.4 67 2.0 0.76 0.42 9 . 1 5  
0.86 5.2 60 2.5 0.62 0.61 6.90 
0.43 8.98 0.89 6.6 1 08 1 .9 0.76 0.43 9.04 0.90 
0 . 16  1 2 .07 6 .1  1 08 2.3 0.95 0. 1 0  1 2.95 
0 . 1 3  1 2 .43 6.2 1 08 1 .9 0.90 0. 1 9  1 1 .87 
0.55 7.43 5.7 1 00 2.2 0.72 0.49 8.27 

02 02 

0.33 1 0.20 0.94 0.96 7.1  1 06 1 .9 0.82 0.33 1 0. 1 3  0.94 0.96 
0.20 1 1 .73 7 .0 1 08 2.0 0.88 0.23 1 1 .40 
0.1 5  1 2 .40 6.9 1 08 2.2 0.88 0.22 1 1 .52 
0.22 1 1 .52 6.6 1 08 2 . 1  0.90 0.20 1 1 .82 
0.37 9.70 6.4 1 07 2 .1  0.88 0.23 1 1 .45 
0.1 5 1 2 .32 0.91 7.3 1 07 1 .7 0.92 0 . 15  1 2.41 0.92 
0.1 1 1 2 .91 7.1  1 08 1 .7 0.94 0 . 12  1 2.71 
0.40 9.46 7.2 1 08 1 .8 0.81 0.35 1 0.01 
0.52 8.05 6.8 1 07 1 .9 0.68 0.54 7.80 
0.41 9.31 6.8 1 08 2.0 0.77 0.40 9.36 
0.04 9.46 0.72 7.4 1 04 2.3 0.80 0.36 8.27 0.65 
0.74 5.09 6.9 1 07 2.4 0.43 0.81 4.23 
0.75 5.08 6.1 1 08 2.4 0.60 0.65 6.08 
0.55 6.70 0.73 5.2 1 08 2.2 0.81 0.35 9.32 0.82 
0.58 6.40 5.3 1 08 2 . 1  0.83 0.32 9.65 
0.72 5.07 5.9 1 07 2.0 0.57 0.67 5.99 
0.55 6.69 5.5 1 08 2 .4 0.71 0.50 7.84 

03 03 

Mean N SO 

6.4 1 08 1 .6 
6 .2 1 08 1 .6 
6.2 1 08 1 .7 
6.6 1 08 1 .6 
6.4 1 08 1 .5 
6 . 1  1 08 1 .8 

6.5 1 08 1 .9 
6.4 1 08 1 .8 
6.8 1 08 1 .6 
6.9 1 08 1 .5 
7.0 1 08 1 .6 
6.7 1 07 1 .6 
6.0 1 02 2.0 
5.9 1 03 2.0 
5.8 1 03 1 .9 
6.2 8 1  2.3 
6.3 79  2.2 
5.2 1 00 2.5 
4 . 1  2 7  3.2 
3.8 24 3 .0 
5 .9 1 06 2.0 
5.9 1 07 2 .2 
5.5 1 03 2.3 
6.9 1 08 1 .5 
6.6 1 08 1 .7 
6 .6 1 08 1 .7 
6.4 1 03 1 .9 

7.3 1 06 1 .8 
7.2 1 08 1 .9 
7 .2 1 08 2.0 
6.8 1 08 1 .9 
6 .8 1 08 2.0 
7.3 1 08 1 .7 
7.3 1 08 1 .6 
7.4 1 08 1 .5 
7 . 1  1 07 1 .8 
7.0 1 08 1 .8 
7 .9 1 05 1 .7 
7 .1  1 08 2.1  
6.7 1 08 2.0 
5.9 1 08 2.0 
5.7 1 08 2.1  
6.0 1 07 1 .9 
6.3 1 08 2.1  
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DEV-PR1 0.90 0.20 1 1 .83 0.94 0 .97 5.5 1 08 2 .2 0.87 0.25 1 1 . 1 7  0.94 0.970 5.9 1 0 8  2.0 
DEV-PR2 0.90 0 . 19  1 1 .74 5.7 1 00 2 . 1  0.89 0.22 1 1 .58 5.7 1 08 2.3 
DEV-PR3 0.92 0.16 1 2 .37 5.8 1 08 2 . 1  0.87 0.24 1 1 .24 5.8 1 08 2 . 1  
DEV-PR4 0.86 0.26 1 0.83 5.7 1 00 2.4 0.88 0.22 1 1 .33 5.9 1 01 2.2 
DEV-PR5 0.79 0.37 9.58 6.2 1 03 2.3 0.86 0.27 1 0.86 6.3 1 04 2.1  
DEV-PRS 0.79 0.38 9.42 5.2 1 00 2.2 0.78 0.39 9.31 5.6 1 00 2.0 
DEV-PR7 0.68 0.53 7.93 4.8 1 08 2 .8 0.66 0.56 7.56 5.0 1 08 2.7 
DEV-ER1 0.82 0.32 1 0.35 0.96 6.4 1 07 2.5 0.86 0.25 1 1 . 1 0  0.94 6.8 1 07 2.1  
DEV-ER2 0.86 0.26 1 1 . 1 5  5.8 1 08 2 .5 0.83 0.30 1 0.51 6.4 1 08 2.1  
DEV-ER3 0.90 0.1 9 1 1 .96 6.2 1 07 2.4 0.88 0.22 1 1 .46 6.9 1 07 1 .8 
DEV-ER4 0.91 0.1 7 1 2 .24 5.9 1 07 2.5 0.88 0.23 1 1 .35 6.5 1 07 2.1  
DEV-ER5 0.91 0 . 18  1 2 .08 5.5 1 08 2.5 0.86 0.27 1 0.96 6.1 1 08 2.2 
DEV-ERS 0.91 0 . 18  1 2 .08 6.0 1 07 2.3 0.83 0.31 1 0.36 6.5 1 06 1 .9 

D4 D4 

COM-RE1 0.97 0.06 1 3 .66 0.98 0.98 4.6 1 05 2.7 0.98 0.05 1 3 .82 0.98 0.974 6.2 1 05 2.5 
COM-RE2 0.99 0.02 1 4.23 4.8 1 07 2.6 0.98 0.04 1 3 .93 6.4 1 07 2.4 
COM-RE3 0.94 0. 1 2  1 2 .85 4.9 1 04 2.6 0.94 0 . 1 1 1 2 .98 6.4 1 04 2.3 
COM-ST1 0.92 0 . 15  1 1 .79 0.86 5.3 1 08 2 .5 0.93 0 . 14  1 2 .09 0.86 6.4 1 08 2.0 
COM-ST2 0.66 0.56 7.41 5.5 1 08 2.3 0.64 0.59 7.20 6.0 1 08 2.2 

,COM-ST3 0.85 0.28 1 0.34 5.5 105 2.6 0.86 0.25 1 0.73 6.6 1 03 2.2 
'
COM-DE1 0.97 0.06 1 3.69 0.96 5.2 1 08 2.4 0.94 0. 1 1  1 2 .96 0.93 6.3 1 08 2.0 
COM-DE2 0.99 0.03 1 4.21 5.3 1 08 2.4 0.97 0.07 1 3.52 6.4 1 08 2.0 
COM-DE3 0.85 0.28 1 0 .97 5.2 1 08 2.5 0.81 0.34 1 0 . 1 6  6.3 1 08 2.0 

05 D5 

COO-NA1 0.89 0.22 1 1 .58 0.93 0.97 5.1 1 08 2.6 0.89 0.21 1 1 .64 0.91 0.964 6.5 1 08 1 .9 
COO-NA2 0.83 0.31 1 0.50 5.7 1 08 2.4 0.85 0.27 1 0.88 6.8 1 08 1 .9 
COO-NA3 0.72 0.48 8.53 5.7 1 08 2.3 0.75 0.44 8.95 7.0 1 08 1 .9 
COO-NA4 0.85 0.28 1 0.86 5.7 1 07 2.3 0.77 0.40 9.34 6.6 1 08 1 .7 
COO-NA5 0.85 0.29 1 0.34 5.2 93 2.5 0.75 0.43 8.55 6.3 93  1 .9 
COO-NAS 0.83 0.31 1 0 .34 5.7 1 05 2.5 0.77 0.41 9 . 1 2  6.7 1 04 1 .9 
COO-IN1 0.90 0.1 9 1 1 .85 0.91 5.6 1 08 2.4 0.91 0 . 1 7  1 2 .04 0.87 6.8 1 08 1 .8 
COO-IN2 0.81 0.34 1 0.05 5.9 1 08 2.3 0.82 0.32 1 0.21 6.6 1 08 2.0 
COO-IN3 0.88 0.23 1 1 .33 6.2 1 08 2.1  0.82 0.34 1 0.06 6.9 1 08 1 .5 
COO-IN4 0.81 0.34 1 0.00 5.8 1 05 2.5 0.61 0.63 6.77 6.6 1 08 1 .8 
COO-PR1 0.88 0.22 1 1 .54 0.94 5.2 1 08 2.5 0.80 0.36 9.87 0.93 6.1 1 08 2.0 
COO-PR2 0.88 0.23 1 1 .49 4.7 1 08 2.5 0.91 0 . 1 7  1 2 . 1 7  5.8 1 08 2.1  
'COO-PR3 0.97 0.05 1 3 .70 4.9 1 08 2.4 0.98 0.04 1 3 .71 6.1 1 08 2.0 
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5B.3.2 Dimensional level SEM 

Unl ike correlation analysis, structural equation modeling allowed the entire 

dimension ' s  relationships to be simultaneously formulated (Hair et aI. , 1 995). At the 

dimensional level SEM is used to determine the interactions among the five main 

dimensions and the impact on learner satisfaction. The following hypotheses derived 

from the research questions (SQ 1 and SQ2): 

H I :  The content dimension (D l )  has a direct impact on LSS. 

H2 : The learner dimension (D2) has a direct impact on LSS. 

H3:  The device dimension (D3) has a direct impact on LSS. 

H4: The communication dimension (D4) has a direct impact on LSS. 

H5 : The coordination dimension (D5) has a d irect impact on LSS. 

The fol lowings hypotheses derived from theories and findings gained from previous 

data analysis: 

H6: D l  has a direct impact on D2. 

H7: D3 has a direct impact on D 1 .  

H8 :  D3 has a direct impact on D5. 

H9: D4 has a direct impact on D3. 

H I  0 :D5 has a direct impact on D4. 

To establ ish a neutral structural model so that it will  not b ias either system A or 

system B, the model is first fitted using Analysis of Moment Structures software 

(AMOS) with al l  the data combined. Repeated measures data can be used in structural 

equation model l ing (SEM, 2006; MLM, 2006). Using multi-level analysis or 

aggregation is normally recommended (MLM, 2006). However, multi- level analysis  

would imply more paths and more samples would be needed. Thus the multi-level 

approach was not adopted because of l imited sample size and an aggregated approach 

was adopted. In essence aggregation creates a composite indicator that has 

psychometric and model advantages (Little et aI., 2002; McDonald et aI. , 2005, p3) .  

For each dimension, aggregations were done on al l  the sub-dimension scores to 

produce a single dimension score. As the sample size was not very large compared to 

the number of paths, aggregation helped to reduce system noise and make distribution 

becomes more normally distributed (Little et aI., 2002; McDonald et aI . ,  2005, p3). 

2 
The fit indexes from the combined model ach ieved a X (chi-square) = 1 .9 1 7  with DF 

2 
(Degree of freedom) = 5, N=2 1 6  at P=0.86 1 .  The ratio of X IDF = 0.38 which is less 
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than the recommended 3: 1 .  Other fitness indicators were found to be GFI (Goodness 

of fit index) =0.997, AGFI (Adjusted goodness of fit index) =0.987, NFI (Normed fit 

index) =0.999, TLI= I .07, and RMSEA (Root mean square error of approximation) 
2 

=0. Note that because X /OF < 1  thus RMSEA was set to zero in the formula. These 

indexes provided further support that the overal l  model fits very well within the 

established fitness guidel ine. In the combined model, the path from 03 to LSS was 

only -0.03 and was not significant. This path was deleted from the model. Once the 

overall model fitted well with al l  the data, a group comparison of the model using data 

from system A and system B was performed. The resulting model is shown in Figure 

5B . l 3  and their fit indexes are shown in Table 5B . 1 1 .  Al l  paths were significant at the 

0 .00 1 level unless otherwise stated. 

Note: 
(System A, System 8) 
• P<O.1 
··P<O.01 
" 'Not significant 
All others P<O.001 

Figure 5B.13 Dimensional level SEM (standardized) 

Table 5B. l l  Fit indexes for dimensional level SEM 

System CMIN OF P CMIN/DF RMR GFI N F I  RFI 
combine 1 .9 1  5 0.86 0.38 0.01 0.99 0 .99 0 .99 

A 2 .95 5 0 .71  0.59 0.03 0.99 0 .99 0.99 
B 0.94 5 0.97 0 . 19  0.01 1 .00 0 .99 0.99 

RMSEA 
0.00 
0.00 
0.00 
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Table 5B.1 2  Summary of hypotheses 

Hypothesis System A System B 
H1 : The content dimension (Dl )  has a 

direct impact on LSS. 
Supported Supported 

H2: The learner dimension (D2) has a Supported at 0 .01  
level Not supported 

direct impact on LSS. 

H3:  The device dimension (D3) has a 

direct impact on LSS. 
Not supported Not supported 

H4: The communication dimension Supported at 0 . 1  
Supported 

(04) has a direct impact on LSS. level 

H5: The coordination dimension (OS) Supported at 0 . 1  
level Supported 

has a direct impact on LSS. 

H 6 :  0 1  has a direct impact on 02. Supported Supported 
H7: 03 has a direct impact on 0 1 .  Supported Supported 

H8: 03 has a direct impact on OS. Supported Supported 

H9: 04 has a direct impact on 03. Supported Supported 
H 1 0 :  OS has a direct impact on 04. Supported Supported 

*Supported at 0 .00 1 levels unless otherwIse stated. 

Table 5B. 13 Impact on LSS 

System A System B 

Dimension Direct Indirect Total Direct Indirect Total 

D1 0.524 -0. 1 02 0.422 0.467 -0.01 3 0 .454 
D2 -0. 1 55 0 -0. 1 55 -0.01 7  0 -0.01 7 
D3 0 0 .92 0.92 0 0.694 0.694 
D4 0.333 0 .529 0 .862 0. 1 43 0 .435 0.578 
D5 0 . 179 0 .754 0.932 0 .32 0 .456 0.776 

5B.3.3 Findings on dimensional level SEM 

From the structure equation model, only H I  and HS-H l O  were supported at the 

0.00 1 level whereas H4 was supported at the 0 . 1  level for multiplatform e-learning 

system B. These results demonstrated that interactions and interrelationsh ips among 
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dimensions were strong and significant, implying indirect impacts on LSS were strong 

and significant as wel l .  Direct impacts were due mainly to D l  and DS . Direct impact 

due to device dimension 03 can not be supported in both systems. Direct impact from 

D2 was supported in system A at the O.OS level and not supported in system B .  From 

observations it is l ikely that both D2 and D3 (the direct path was -0.03) have similar 

characteristics. A summary of the hypotheses is shown in Table SB . 1 2 .  

Both system A and system B SEM appeared to  fit  wel l  and with good fit statistics 

as shown in Table S B . l l .  The fit statistics seem sl ightly better for system B then 

system A. Because system A is a non adaptive system, this may suggest that data from 

system A has a wider variance than that of system B. Nevertheless both models can 

satisfactorily explain the effect of all the dimensions on overal l learner satisfaction. 

For system B the direct impact on overall  learner satisfaction due to the learner 

dimension (D2) has been reduced to statical ly insignificant with a path estimate of -

0.0 1 whi le for system A the direct impact due to the learner d imension (D2) on 

overall learner satisfaction is significant at the O .OS level with a path estimate at -O. I S . 

The learner dimension has become less negative (more positive) and the content 

dimension (D l )  has improved in total impact on multiplatform e-learning system B 

compared to e-learning system A. All other dimensions D3, D4, DS had reduced their 

total impact as wel l .  This effect is similar to the previous findings. 

The direct impacts in system A were contributed mostly by the content dimension 

(D 1 )  and communication dimension (D4) whi le the direct impacts in system B were 

contributed mostly by the content dimension (D l )  and coordination dimension (DS). 

It is l ikely that in system B the communication dimension (D4) was perceived 

positively. An acceptably fast response in system B al lowed learners' attention to 

focus on DS and experience the interactions, navigations and presentation aspects of 

the system. Conversely in system A the response was slow and the communication 

dimension (D4) is perceived negatively and its impact is felt. Learners did not get the 

necessary chance to experience the interaction, navigation and presentation 

contributed by the coordination dimension (DS). 

The coordination dimension (DS) had a strong impact on the communication 

dimension (D4) in system A than in system B .  The impl ication may be that in system 

B the learner has experienced more consistency in navigation, presentation and 

interaction and is l ikely also to be associated with a stable system and suitable form of 

delivery. Simi larly the impact of the device d imension (D3) on the coordination 
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dimension (D5) was also very strong in system A than in system B .  A more 

consistency experience in D3 was l ikely to be associated with a consistency 

experience in coordination dimension (D5). Among all the interactions between 

various dimensions, content dimension (D 1 )  had the greater impact on learner 

dimension (D2). 

Referring to Table 5B. 1 3, the total impact from each dimension on LSS had been 

equal ised with less spread in system B compared to system A. The imp lication was 

that the outcome of the adaptation process allows learners to have better opportun ities 

to experience all the other factors instead of being dominated by a single dimension as 

in the device dimension (D3) or coordination dimension (D5) of system A.  

Surpris ingly, the learner dimension (D2) has a negative path value in  both 

systems. This suggests that D2 might be a suppressor. According to Cohen and Cohen 

( 1 975,  p. 9 1 ), there are three kinds of suppressors. If the predictor variable in question 

has a zero or very small correlation with the criterion variable, the situation is one of 

classical suppression. If its beta weight is of opposite sign from its correlation with the 

criterion, it is serving as a net suppressor. If its beta weight exceeds its correlation 

with the criterion and is of the same sign, cooperative suppression is indicated. 

Further, Darlington ( 1 968) defined a negative suppressor as a variable that has a 

positive correlation with the dependent variable, but negative beta weight in the 

regression model. Further analysis shows that D2 itself has a positive correlation with 

LSS but a negative weight in the ful l  model. This suggests that D2 is a net suppressor. 

According to Thomson ( 1 998) suppressor variables are important within a regression 

model because they increase the effect size which shows the extent, strength or effect 

of a relationship and accounts for the total variance. Further investigation showed that 

the overall model fit index improved when D2 is present. The suppressing effect was 

greater in system A than in system B.  Thus it is l ikely that the adaptation process has 

minim ised the suppression, making it more positively correlated. 

In summary the model suggests that there are two types of factors-a suppressor 

and a non suppressor. D l ,  D4 and D5 were non suppressors whereas D2 (and possibly 

D3) was a suppressor. The suppressor effect was minimised in system B .  The model 

also suggested that interactions between d imensions were significant in both systems, 

whereas the direct impact from factors to LSS was not at al l  significant. Hypotheses 

H2 and H3 were not supported at the 0.00 1 level whereas H4 was only supported at 
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the 0 . 1  level for system B.  Primary and secondary factors were also revealed in the 

model. 

SB.4 Summary of chapter 5 

The relationships of the factors constituting the multiplatform e-Iearning system 

have been thoroughly examined. Through empirical evaluation and six different 

experiment conditions, the interactions between learners and the e-Iearning systems 

were varied. Data gathered from the experiments were analysed through ten different 

approaches and findings are depicted in Table 5B . 1 4. Analysing these sets of data 

further identified, confirmed, validated, and cross val idated the findings with regards 

to the research questions. Several appropriate evaluations and analyses allowed these 

goals to be ach ieved. First, the pi lot evaluation played an important role in fine tuning 

the initial system for the final evaluation. Next, the final evaluation and statistical tests 

confirmed that the multiplatform e-Iearning system achieved a higher overall learner 

satisfaction score than the non adaptive e-Iearning system. The mean overall learner 

satisfaction score was higher for multiplatform e-Iearning system B than traditional e­

learning system A. Third, the correlation analysis confirmed the significance of the 

factors influencing overall learner satisfaction. While not all factors carried equal 

strength, the most influential factors were identified to be content organisation (CON­

OR), del ivery mode (COM-DE), navigation (COO-NA), and device ergonomics 

(DEV-ER). In addition, similar findings were revealed whi le analysing the interview 

and qual itative data. Correlation analysis revealed that D5, D3 and D4 were strong 

dimensions affecting overall learning satisfaction in e-Ieaming system A. D5, D I  and 

D3 were strong dimensions affecting overall learning satisfaction in the multiplatform 

e-Ieaming system B .  Further analysis revealed two different groupings of factors. 

Primary factors, also known as hygiene factors, dominated in the non adaptive e­

learning system, and secondary factors, also known as motivation factors, emerged in 

adaptive e-Iearning system, due to equalisation effect. Lastly, the use of structure 

equation model l ing revealed more detailed relationships between dimensions which 

were not possible with the correlation technique. SEM val idated the existence of 

interrelationships among dimensions. The dimensional level structure equation 

modeling indicated that direct impact due to the device dimension (D3) on LSS was 

not supported. SEM also identified D2 (possibly D3) as a suppressor and cross 

validated the findings regarding primary factors and secondary factors. 
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Table SB.14 Summary of main findings 

Analysis Main findings for multiplatform e-learning system 
1 .  Pilot a. Exposed limitations of emulators. 

evaluation b. Exposed weakness in animated images over interactive images. 
c. Exposed mobil ity and portability deficiency. 
d. Showed content design with mobile devices can be difficult to 

satisfy. 
2.  Overall learner a. Identified multiplatform e-learning system satisfaction score to be 

satisfaction higher than e-learning system A. 
score (RQ3) b. Identified LSS for PC > PDA > mobile phone within each system. 

c .  Highest mean learner satisfaction score was only 6.7 /9 or 74.45%. 
3 .  Self-directed a. Mobile devices generated 89% of the queries. 

exploring b. Ergonomic issues with mobile phones can be aggravated. 
condition c. Identified the need to ensure participants comply with written 
(RQ2) instructions. 

d. Identified the need to ensure learners acquired the acceptable skill 
level .  

4. Degree of a. Val idated all  factors as relevant, valid and significant. 
influence and b. Not all factors contributed equally but were more equally 
relationship distributed in the multiplatform e-learning system. 
(SQ I ) c. Identified the most influential factors as CON-OR, COM-DE, 

COO-NA, COO-IN, and CON-PE 
d. Identified the most influential dimensions in order as D5, D I ,  D3, 

D4 and D2. 
5 .  Grouping a. Identified secondary factors as CON-GR and CON-PE in D I  and 

behaviour LER-EN, LER-HE, LER-MO and LER-PR in D2. 
(SQ2) b. Identified primary factors as D3,  D4 and D5. 

6.  Interview data a. Identified CON-PE, CON-OR to be influential . 
(RQ2, SQ I ) b. PDA stylus can create ergonomic issues. 

c. Content design for multimedia object with small screen size can be 
difficult. 

d. "Zooming" and "show all" feature can be difficult to use in PDAs. 
7. Qualitative a. Multiplatform e-learning system is preferred with PCs, PDAs and 

data (RQ2, mobile phones. 
SQ I ) b. Identified the most l iked factors as COM-RE, DEV-ER, CON-PE, 

and COO-NA. 
c. Identified the most disliked factors as DEV-ER, COO-NA, DEV-

PR, COM-RE, and LER-PR 
d. Identified dominant primary dimensions as D3, D4, D5 and 

secondary factors as D 1 and D2. 
8. Satisfaction a. Val idated multiplatform e-learning system as perceived to be more 

test (RQ3) satisfying. 
9. Gain in a.  Validated gain biased toward mobile devices. 

multi platform b. Adaptation process need not necessarily be uniformly applied. 
e-learning c. Device dependent adaptation process may be required. 
system (RQ3) 

1 0. Structure a. Validated interrelationships among dimensions. 
equation b. Identified D I  and D2 as secondary factors, D3, D4, and D5 as 
modell ing primary factors. 
(SQ I ,  SQ2) c. Identified that D l  and 05 have strong direct impact and 03 and 05 

have strong indirect impact. 
d.  Identified D2 (possibly D3) as a suppressor. 
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Chapter 6 Discussion and implications 

6.1  Implications 

One of the major contributions of the present research is the development of the 

multiplatform e-Iearning system framework. Through this framework, experiments 

were conducted to determine learning satisfaction as perceived by learners. Findings 

through statistical data analysis provided several implications for implementation on 

multiplatform e-Iearning systems. First there is an impl ication for improving 

multiplatform e-Iearning systems. The success of the present research and evaluation 

can be dupl icated in system improvement through the use of multiplatform e-Iearning 

system questionnaires (MELQs) and the experiment process. Second, the research 

identified several key system characteristics such as the spreading effect, equalisation 

effect, suppressor effect and grouping effect. The impl ication is that these effects can 

serve as useful  determinants to quantify the stabil ity and acceptance level of the 

multiplatform e-Iearning systems. Third, simi lar findings on the relationship between 

learner dimension (D2) and learning satisfaction which were also shared by other 

researchers. The implication for improving learning satisfaction is that designers 

should first focus on other critical dimensions rather than considering the learner 

dimension as their first priority. 

6. 1 . 1  System improvements 

The evaluation experiments, measuring instrument and statistical data analysis 

techniques can provide a systematic methodology that is useful for identifying issues 

for multiplatform e- Iearning systems improvement. Although the mean score gathered 

from MELQ questionnaire can normally be used to identify factors that have a lower 

score with respect to a benchmark situation, it does not necessarily mean that the 

factor will have a strong impact on overal l  learner satisfaction. With resource 

constraints, factors with the lowest score and which have the highest total impact on 

LSS should be identified. Use of these factors will provide an effective way for 

improving the system. A heuristic algorithm is provided here to demonstrate the 

process of improving overall learning satisfaction. First the bottom five factors for 

each accessing device from the MELQ questionnaire were identified. Second, using 

dimensional level SEM one can identify and rank the dimensions according to their 

total impact on overall learning satisfaction. Next, assign these rankings to the five 

factors found in step I .  In the event that some of the factors have identical rankings, 
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the correlation coefficients ranking can be used to allocate priority. Factors ranked as 

high priority should be looked into closely for enhancement. Once all the 

improvements have been made, experimental tests can be repeated to gather new data. 

The process is repeated until i mprovement is marginal ly within an acceptable value. 

For example, in the present case the dimensional level SEM indicates that 

coordination dimension (D5) has the highest total impact on LSS and device 

dimension (D3) has the second highest total impact on LSS. Table 6. 1 depicts the 

bottom five factors with their total impact ranking and correlation ranking. These 

factors should therefore be considered for further improvement according to their 

ranking criteria. For PCs, presentation in the device dimension (DEV-PR) should be 

considered first and environment in the learner dimension (LER-EV) should be 

considered last. Similarly in PDAs, presentation in the coordination dimension (COO­

PR) should be considered first and multimedia in the content dimension (CON-MU) 

should be considered last. Lastly in mobile phones, presentation in the device 

dimension (DEV -PR) should be considered first and multimedia in the content 

dimension (CON-MU) should be considered last. 

An alternative approach to improve learner satisfaction in multiplatform e­

learning systems is to use a two dimensional visual isation method (B2B,  2005). This 

method uses the correlation coefficients on the X-axis and the specific items (factors) 

score on the Y-axis. Items with high score and high correlation coefficients are 

desirable. Items with high correlation coefficients and low score wil l  need to be 

improved. In essence this method is simi lar to the recommended heuristic approach. 

PC 

PDA 

Table 6 .1  Heuristic approach for system improvement 

Factors, impact rank and correlation rank 

DEV-PR CON-GR CON-M U  LER-PR LER-EN 
2(6) 4( 1 0) 4( 1 1 )  5(9) 5 ( 1 6) 

COO-PR DEV-PR COM-RE COM-ST CON-MU 
1 (7) 2(6) 3( 1 2) 3( 1 3) 4( 1 1 )  

Mobile DEV-PR DEV-ER COM-DE COM-RE C ON-MU 
Phone 2(6) 2 (8) 3(2) 3 ( 12) 4( 1 1 )  

Comparing the SEM method and correlation coefficient method, one can see that 

the correlation method can also provide indications of the dimensions with potentially 
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large total impact. With the correlation method it is difficult to tell how much impact 

these indicators have and how they are affected by other factors. The correlation 

method cannot provide the causal inter-relation among dimensions. Whi le  correlation 

methods can provide a l ist of parameters for improvement, the effect of each 

dimension and sub dimension on overall learning satisfaction is difficult to establ ish. 

SEM is  able to reveal the total impact at the expense of computation and model 

fitting. 

6. 1 .2 System characteristics 

Through statistical analysis, the inter-relationships between each dimension CD 1 ,  

02, 03, 04, and 05) were observed to behave according to the following effects : 

a.  Spreading effect-when an e-leaming system is not designed for a multiplatform 

accessing environment such as e-Iearning system A in this study (based on 

commercial B lackBoard system), the factors influencing overall learning 

satisfaction could have a larger spread. Some factors will be highly correlated 

while some factors wil l  be lowly correlated. The resulting effect is that standard 

deviation of correlation coefficients between factors and LSS is much higher than 

in the case of a multiplatform e-leaming system. It also indicates that the learner 

perceived the system to be less stable and less consistent. 

b. Equalisation effect-when an e-learning system is designed for a multiplatform 

accessing environment such as system B in this study (the multiplatform e­

learning system with adaptivity features), the factors influencing overall learning 

satisfaction will be equalised. The spreading effects wil l  be reduced to give all 

factors the opportunity to contribute to the LSS. Due to the equalising effect the 

standard deviation of the correlation coefficient between LSS and factors is much 

smal ler. 

c .  Grouping effect-two groups have been identified. Primary factors and secondary 

factors exist within the l ist of factors influencing learner satisfaction. A higher 

degree of influence from secondary factors emerges only when primary factors are 

perceived to be satisfactory. 03, 04, and 05 are associated with primary factors 

whi le 0 1  and 02 are associated with secondary factors. 

d .  Suppressor effect-learner dimension D2 has been identified to be a suppressor. A 

suppressor reduces the impact on learner satisfaction. In  a multiplatform e­

learning system, the suppressor effect is m inimised. 
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The impl ication is that these system characteristics can serve as useful 

determinants to quantify the stabil ity and acceptance level of multiplatform e-learning 

systems. For example, if the suppressor effect is reduced after a few design iterations, 

it is l ikely that the system is reaching stabi l ity. If equalisation effect exists to the 

extent that correlation coefficients become a weak indicator, designer would have to 

adopt other techniques to identify factors or dimensions that have greater impact on 

learner satisfaction. The structure equation model l ing technique wil l  be very useful. 

6.1.3 Learning theories 

The evaluation results showed a lower degree of relationship between learner 

dimension D2 and overall learning satisfaction in e-learning system A. These results 

were revealed by both correlation analysis and the structure equation model . Kearsley 

(2000) and Kim and Moore (2005) in their studies reported that learn ing styles did not 

seem to have any significant impact on the level of satisfaction with web-based 

courses. While the current findings seemed simi lar, caution must be taken as the 

current research involved multiple accessing devices and a short duration when 

participants were exposed to the e-learning system for data collection. However, the 

current findings showed a strong relationship between interaction in coordination 

dimension (COO-IN), navigation in coordination dimension (COO-NA) and overall 

learning satisfaction scores which is simi lar to the findings of Kearsley (2000) and 

Kim and Moore (2005). Thus interaction can be a significant factor affecting learner 

satisfaction in single as wel l  as multiplatform e-Iearning systems. The impl ication for 

improving learning satisfaction is that designers should first focus on dimensions with 

strong relationships rather than giving the learner dimension first priority. 

6.2 Limitations 

The evaluation and findings come with some l imitations. First, the evaluation was 

conducted with learners having short term usage of the e-Iearning systems. Though e­

learning system A represents a fami l iar site with longer term usage its content was 

somehow not famil iar to most learners. Thus further evaluation would need to 

determine the long term effect when learners were famil iar with the e-Iearning system 

and content. Second, the experience with mobile devices and browsers is another area 

that needs further investigation into its long term effect. Whi le almost all learners 

were fami l iar with sending SMS and had had other interactive experiences, these 
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experiences'did not make it any easier for them to use mobile browsers. The long term 

effect of using a specific device and browser would expose learners to potential 

problems and give them the opportunity to resolve the problems much earlier. It is 

envisaged that some of the issues with regards to device ergonomics and del ivery 

mode may be neutralised after the learner has spent sufficient time with the device. 

These experiences would have an impact on learner satisfaction and need further 

investigation. Third, the evaluation was performed using h igh school level physics as 

the subject. Learners spent a short time (minutes) trying to understand the content 

during the evaluation process. Thus if learners were exposed to the content in the 

classroom for a longer time frame (weeks), there m ight be some impact on the content 

dimension and its overall learner satisfaction as perceived by the learners. Fourth, 

while the experiments were intended to vary the interactions between the learner and 

the system as much as possible, there is no guarantee that all the factors wil l  be 

equally affected. It is also unl ikely that one can control only one particular factor at a 

time to capture the effect independently as these factors act together. F ifth, the 

pedagogy of the implemented e-Iearning system consists of first exposing learners to 

theory and principles, then multimedia simulation, followed by exercises. During the 

exercises, learners were encouraged to revisit the content and multimedia interaction. 

The evaluation is based on such pedagogy. Sixth, the design for experiment and data 

analysis can be improved to provide data independence and longitudinal comparison. 

Lastly, the current research used three different types of accessing devices. The results 

can only be generalised to devices with simi lar capabil ities. New devices with very 

different interaction potential can be tested with the same instrument. 
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Chapter 7 Conclusion 

This research began by asking the question, what constitutes to a multiplatform e­

learning system. In order to answer this question, the factors influencing learner 

satisfaction in multiplatform e-Iearning systems  were explored. Through the extensive 

and multidisciplinary literature review presented in chapter 2, a framework for 

multiplatform e-learning systems was successfully constructed and developed. The 

framework constituted five core competency dimensions: content dimension, learner 

dimension, devices dimension, communication dimension and coordination 

dimension. Within each dimension various sub-dimensions exist as depicted in Table 

3 . 1 . F ive competency principles were also identified to necessitate the adaptive 

capabil ity of the e-learning systems. Chapter 3 detailed the construction of the 

framework. The framework was further operational ised to validate its usefulness 

through an implementation. Chapter 4 provided details of the implementation of a 

prototype e-learning system based on the adaptive multiplatform e-learning system 

framework and the five competency principles. Chapter 4 also presented a conceptual 

layered architecture mapped from the multiplatform e-learning system framework. 

The implementation was based on several technologies such as XML, XSL T, DOM, 

ASP, detection and estimation algorithms and Flash multimedia. In chapter 5A and 

5B, learner satisfaction was evaluated through six experiments. The evaluation 

showed that in e-learning system A, there was a spreading effect on factors, while 

multiplatform e-learning system B exhibited equalisation and suppressor effects. 

Grouping effects such as primary factors and secondary factors c learly emerged from 

e-learning system A to e-learning system B. The final evaluation and statistical tests 

confirmed that the multip latform e-learning system achieved a h igher overal l  learner 

satisfaction score. The correlation analyses confirmed the significance of the factors 

influencing overall learner satisfaction. The most influential factors were identified to 

be content organisation (CON-OR), delivery mode (COM-DE), navigation (COO­

NA), and device ergonomics (DEV-ER). The significance and relationship of the 

factors allow designers to set criteria and further improve the e-learning system to 

achieve a better experience in the adoption of multiplatform e-learning systems. A 

heuristic approach for system improvement was presented in chapter 6. Chapter 6 also 

discussed some of the limitations in this research. 
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For the benefits of future research, several areas can be explored further. First, 

with respect to technology implementation, there is a need to investigate other 

emerging technologies to implement the multiplatform e-Ieaming systems. For 

example, comparing the implementation using autonomous agents and web services 

with respect to performance, adaptivity and extensib i l ity may generate a more robust 

multiplatform e-Iearning system. Second, current research used F lash technology as 

the main component for interactive multimedia objects. With the advent and adoption 

of SVG-tiny, future implementations should explore this technology from both server 

and cl ient sides. Third, with respect to framework extension, there m ight be a need to 

study non web based accessing platforms with very low similarity in content factors. 

One such example would be to explore short message services (SMS) and multimedia 

messages services (MMS) as additional accessing channels. Another possibil ity is to 

explore iPod devices as a delivery channel .  Whether the popularity and ergonomic 

factors could overcome its l imitations in content design and del ivery will be an 

interesting area to explore. Fourth, with respect to learning theory, there are some 

relationships between adaptive multiplatform e-Iearning systems and multiple 

representation theory but they are not ful ly understood. One question is whether 

del ivering slightly different content in different platforms constitutes a different 

representation? Another issue is to quantify the effect and impact of multiple 

representations in multiplatform e-Iearning systems on the learner. These questions 

will have implications for the theory of multiple representations. F ifth, with respect to 

system evaluation, resource constraints can be a major factor in how evaluations can 

be conducted and this factor certainly affects the size of the sample. Sample size will 

have impl ications on the type of analysis tool able to support the evaluation. For 

example, structure equation modeling is a powerful tool that requires a large sample 

size. The current evaluation focused on basic issues of factors influencing learner 

satisfaction based on the adaptive framework and modified QUIS instrument. There 

are other equal ly important perspectives such as Keller' s attention, relevance, 

confidence and satisfaction (ARCS) motivational model (Small 1 997; Dempsey et al .  

1 997) and website motivational checkl ist WEB MAC (Small & Amone, 1 999), and the 

technology acceptance model (T AM) (Davis 1 989, 1 993) that could faci l itate 

evaluation . An integrated and comparative approach to these evaluation instruments 

can be useful in predicting the adoption and effectiveness of the system. F inal ly, the 

current research focused on the tertiary education level but adaptive multiplatform e-
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learning systems should be available to all levels of learning. Future research can 

investigate how multiplatform e-learning systems, espec ially mobile platforms, can 

address the needs of learners at different levels. 

To conclude, with the successful development of the multiplatform e-learning 

systems framework, developers and adopters can now adopt the framework to 

systematically capture relevant requirements for the construction or acquisition of 

multiplatform e-learning systems. The current framework is not restrictive. It can be 

expanded to cater for new technologies, access devices, services, learning 

environments and context of use. Because the multiplatform e-Iearning systems 

framework looked at generic and fundamental issues by focusing on several aspects 

such as mobile learning, content adaptation, and learner satisfaction, researchers can 

scaffold on the current framework to conduct further research into other aspects of 

multiplatform e-Iearning systems as suggested earlier. Through condition-based 

usabi lity experiments and several data analysis techniques such as correlation and 

structure equation model l ing, this research was able to identify each factor, its 

relationships with other factors and its level of influence over learner satisfaction. The 

research also val idated the assertion that adaptive systems  can provide better learner 

satisfaction than non-adaptive systems in the context of multiplatform e-learning 

systems. Thus developers and researcher can use the evaluation methodology devised 

in this study to measure the relationships and validate future multiplatform e-learning 

systems enabling them to investigate, verify, enhance and invest in factors that have 

significant impact on learner satisfaction. This understanding wil l  help institutions and 

educators to make the right investment decision in  the eventual adoption of 

multiplatform e-learning systems and to a greater extent provide sound technology for 

students to embark on life long learning any time, anywhere and through a variety of 

devices. 
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Appendix A 

Scripts and codes 

Listing 1 Main learning content 

<'?x111 1 version=" 1 .0" standalone="no"?> 
<?xml-stylesheet type="text/xsl" href="M3.xsl"?> 
<module content> 

<New module 1 0=" 1 "> 
<mtitle>Color Basic</mtitle> 
<sub module> 

<stitle>Additive Color</st it le> 
<line>Color system can be classified e ither as "additive" color or 

"subtractive" color.</1 ine> 
<line>Additive Colors (Mixtures of L ight)</l ine> 
<line>RGB (Red-Green-Blue) is an "additive" color system used in display 

monitors where l ight i s  mixed.</l ine> 
<I ine>Examples:</1 ine> 
<l ine>Black + Red = Red</line> 
<l ine>Black + Green = Green</l ine> 
<l ine>BIack + Blue = Blue</l ine> 
<l ine>Black + Red + Green = Yellow</l i ne> 
<line>Black + Red + Blue = Magenta</line> 
<line>Black + B lue + Green = Cyan</l ine> 
<line>Black + Red + Green + Blue = White</l ine> 
<line>RED +GREEN = YELLOW</line> 
<line>Cl ick here to see a color mixing interaction</line> 

</sub module> 
<sub module> 

<stitle>Subtractive Color</stitle> 
<I ine>Color system can be classified either as "additive color" or 

"subtractive color" .</l ine> 
<l ine>Subtractive Colors (Mixtures of P igments)</1 ine> 
<I ine>CMY (Cyan-Magenta-Yel low) and CMYK (Cyan-Magenta-Yel low­

blacK) are "subtractive" color systems used in printing where inks or pigments are 
m ixed.</l ine> 

<I ine>Examples :</1 ine> 
<l ine>White - Red = Cyan</line> 
<l ine>White - Green = Magenta</line> 
<line>White - B lue = Yellow</li ne> 
<line>White - Red - Green = Blue</l ine> 
<l ine>White - Red - B lue = Green</l ine> 
<line>White - B lue - Green = Red</line> 
<line>White - Red - Green - B lue = B lack </line> 
< I ine>cl ick here to see a color m ixing interation</l ine> 

</sub module> 
<sub m odule> 

<stitle>Exercise</st itle> 
</sub m odule> 
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</New modu le> 
<New module [ D="2"> 

<mtit[e>Lens</mtit[e> 
<sub modu le> 

<stit[e>Lens Basic(physics, 2005)</stitle> 
<[ ine>A [ens is merely a carefully ground or mo[ded p iece of transparent 

material which refracts light rays in such as way as to form an image.</[ ine> 
<[ ine> Lenses can be thought of as a series of tiny refracting lenses, each of 

which refracts l ight to produce their own image. When these prisms act together, they 
produce a bright enough image focused at a point. </[ ine> 

<[ ine>There are a variety of types of lenses. Our focus wil l  be upon lenses 
which are symmetrical across their horizontal axis - known as the principal axis. In  
this module, we  wi l l  study converging lens. </[ine> 

<[ ine>A converging lens is a lens which converges rays of light which are 
traveling parallel to its principal axis. Converging lenses can be identified by their 
shape; they are thicker across their middle and thinner at their upper and lower edges. 
</l ine> 

<l ine>Refraction Rule for a Converging Lens </line> 
<line>Any incident ray travel ing paral lel to the principal axis of a 

converging lens wil l  refract through the lens and travel through the focal point on the 
opposite side of the lens. </[ine> 

<[ ine>Any incident ray traveling through the focal point on the way to the 
lens wil l  refract through the lens and travel parallel to the principal axis .  </[ ine> 

<l ine>An incident ray which passes through the center of the lens wil l  in 
effect continue in the same direction that i t  had when it  entered the [ens. 
</line> 

<line>Click here to see ray tracing of converging lens</l ine> 
</sub modu le> 
<sub modu le> 

<stit[e>Lens Basic</stitle> 
<line>Real Image and Virtual Image</[ ine> 
<[ ine>Converging lenses can produce both real and virtual images. The 

process by which images are formed for lenses is the same as the process by which 
images are formed for plane and curved mirrors. </line> 

<I ine> Images are formed at locations where any observer is sighting as they 
view the image of the object through the lens. So if the path of several l ight rays 
through a lens is traced, each of these l ight rays wil l  intersect at a point upon 
refraction through the lens. Each observer must sight in the direction of this point in 
order to view the image of the object. While different observers wil l  sight along 
d ifferent l ines of sight, each l ine of sight intersects at the image location . </[ine> 

<[ine>A real image is formed whenever refracted light passes through the 
image location. While diverging lenses always produce virtual images, converging 
lenses are capable of producing both real and virtual images. As shown above, real 
images are produced when the object is located a distance greater than one focal 
length from the lens. </1 ine> 

<[ ine>A v irtual image is formed if the object is located less than one focal 
length from the converging lens. </I i ne> 

<[ ine>Click here to see ray tracing of converging lens</1 ine> 
</sub modu le> 
<sub modu le> 
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<stitle>Exercise</stitle> 
</sub module> 

</New module> 
<New module 1 0="3"> 

<mtitle>Color Depth And Resolution</mtitle> 
<sub module> 

<stitle>Resolutionr</stitle> 
<line>Pictures on a computer screen are made up of thousands of tiny dots, 

known as pixels (short for picture element). Depending on the size ofthe dots, a 
different number of dots can fit on a computer screen.</I ine> 

<l ine> If the dots are small, a large number wil l  fit on the screen. However, 
if the dots are large, it takes just a few dots to fil l  the whole screen.  The more dots on 
the screen, the clearer the picture wi l l  be.</I ine> 

<line>How many dots?</I ine> 
<line>The word "resolution" describes the number of dots that make up an 

image. A h igh-resolution image is made up of a large number of tiny dots. High­
resolution images are very clear and show a lot of detail .  </Iine> 

<l ine>A low-resolution image is made up of fewer, larger dots, so the 
picture is less c lear. By making the dots smaIler, we can see smaller things in the 
picture, but we need more dots to cover the same p icture. It takes more space and time 
inside the computer to keep track of more dots. 
</I ine> 

<Iine>click here to see resolution interaction</Iine> 
</sub module> 
<sub modu le> 

<stitle>Color Depth </st itle> 
<I ine>The color depth describes the number of colors that are used in a 

digital p icture. As the color depth increases, the picture of the two boys playing 
becomes more l ifel ike . </Iine> 

<line>In the 2-color picture, each pixel can only be black or white, making 
the image difficult to interpret, especially at lower resolutions. </I ine> 

<line>With 256 colors, each pixel can be any one of256 colors. It m ight 
seem that 256 colors is a lot, but most photographs are made up of many more colors 
than this .  L imiting the colors to 256 usuaIly means losing some image detail. </I ine> 

<I ine> With mill ions of colors, the picture has the highest color depth. The 
picture is very l ifel ike as it is closest to how we see things in the real world.</line> 

<l ine>c1ick here to see a color depth interation</l ine> 
</sub module> 
<sub module> 

<stitle> Exercise</stitle> 
</sub module> 

</New module> 
<New module 10="4"> 

<mtitle>Projectile </mtitle> 
<sub modu le> 

<stitle>Projectile Basic (Projectile,2005 ;Harrison,2005) </stitle> 
<line>The projectiles we study here are ones unaffected by air resistance. 

Only two things affect their motion :  Inertia and Gravity. </l ine> 
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<line>The only force they fee l  is straight down due to the pull  of gravity. 
We d iscover that motion in the horizontal direction can be treated totally independent 
of the motion in the vertical direction. </line> 

<line>A projectile moves at a constant speed in the horizontal d irection 
whi le experiencing a constant acceleration of9.8 mls2 downwards in the vertical 
directi</1 ine> 

<line>To be consistent, we define up or upwards to be the positive direction . 
Therefore the acceleration of gravity is properly -9.8 m/s2.</line> 

<line>Horizontal </l ine> 
<line>The speed in the horizontal direction is vx and this speed doesn't 

change. The equation which predicts the position at any time in the horizontal 
direction is simply</l ine> 

<I ine>x = vx t equ.  1 </l ine> 
<line>Vertical </line> 
<line>Because gravity is pul ling, the vertical velocity changes constantly. 

To predict the vertical velocity at any time vy, we need the fol lowing equation : 
</l ine> 

<I ine>vy = voy + a t  equ. 2</l ine> 
<line>The voy is simply the original velocity in the vertical or y-direction.  

</l ine> 
<line>To calculate the position in the y-direction, the ful l  distance formula 

must be used. Note that I have included a term, yo, which represents the original 
position in the y-direction. </l ine> 

<Iine>yf = yo + voy t + 1 12 a t2 equ. 3</line> 
<line>Acceleration for projecti les near the Earth's surface is -9 . 8  m/s2 . We 

don't re-write the equation with a negative sign; rather, we use the negative 
acceleration value when solving problems. </I ine> 

<line>When a projecti le  is launched horizontal ly - a ball rolls off a table, a 
car runs off the edge of a cl iff, etc. - the original y-velocity is zero. Your choice of 
which position to consider y = 0 does not change the final calculation. For example, if 
the projectile drops 10 meters, you could set the yo = 0 and yf= - 1 0  m. Or you could 
set yo = 1 0  m and yf = O. E ither works out the same. 
</line> 

<l ine>c1ick here to experiment</line> 
</sub module> 
<sub module> 

<stitle>Projecti le Basic r</stitle> 
<line>Velocity </Iine> 
<line>To determine the total velocity of a projectile, we combine the 

horizontal velocity (vx) and the vertical velocity (vy) using the Pythagorean Theorem:  
</line> 

<Iine>v = (vx2 + vy2) 1 I2 equ. 4 
</Iine> 

<line>At the Top </I ine> 
<line>At the top of its path, the projectile no longer is going up and hasn't 

started down, yet. Its vertical velocity is zero (vy = 0). The only velocity it has is just 
its horizontal velocity, vx. Remember, the horizontal speed stays constant throughout 
the projectile path. </line> 

<line>A common misconception occurs at the top of a projecti le's arc. When 
asked what the acceleration ofthe projectile is at this point, many people answer 
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"zero" .  If it were zero, the projectile would simply keep going in a straight l ine. 
However, gravity is sti l l  acting, pulling it down, accelerating it towards the earth . 
Thus the acceleration at the top is sti l l  -9.8 m/s2, just as it's been all  along.</line> 

<line>Range </l ine> 
<l ine>For a projectile that is launched at an angle and returns to the same 

height, we can determine the range or distance it goes horizontally using a fairly 
simple equation. However, we will focus on the results of studying that equation 
rather than solving it here. </line> 

<line>When the projecti le is launched at a steep angle, it spends more time 
in the air than it does when launched at a shallow angle. </line> 

<I ine> When the projectile is launched at a shallow angle, it goes faster in the 
horizontal d irection than if it is launched at a steep angle . .  </1 ine> 

<line>The ideal combination of time in the air and horizontal speed occurs 
at 450. Thus the maximum range or distance occurs when the projectile is launched at 
this angle. This applies to long jumpers and soccer balls for two good examples . .  
</line> 

<l ine>cl ick here to experiment</l ine> 
</sub modu le> 
<sub module> 

<stitle>Exercise</stitle> 
</sub module> 

</New modu le> 
</module content> 
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Listing 2 Schema for the main learning content 

<?xm l version=" 1 .0" encod ing= " U TF-8"?> 
<! --W3C Schema generated by X M LSPY v S  re I .  3 U ( h ttp ://www.xmlspy .com)--> 
<xs :schema xmlns:xs=''http://www.w3.org/200 1 IXMLSchema'' 
elementF orm Defau It=" qualified "> 

<xs:element name="New module"> 
<xs:comp lexType> 

<xs:sequence> 
<xs :element reF"mtitle"l> 
<xs:element ref="sub module" maxOccurs="unbounded"l> 

</xs:sequence> 
<xs : attr ib ll te nal11e="ID" llse="required"> 

<xs:s impleType> 
<xs : restriction base="xs:NMTOKEN"> 

<xs:enumeration value=" 1 "I> 
<xs:enumeration val lle="2"1> 
<xs:enumeration value="3 "I> 
<xs:en u l11eration vall le="4"1> 

</xs : restriction> 
</xs:s i l11 pleType> 

</xs:attrib llte> 
</xs :col11 p lexType> 

</xs:element> 
<xs:e lement name="l ine" ty pe="xs:string"l> 
<xs:element nHl11e="module content"> 

<xs:complexType> 
<xs : seq 1I en ce> 

<xs:e lement reF"New mod u le" maxOcclIrs="unbounded"l> 
</xs:sequence> 

</xs:comp lexType> 
</xs :e lement> 
<xs:e lement name="mtitle" type="xs : string"l> 
<xs:element nHme="stitle" type="xs :string"l> 
<xs :e lement name="sub module"> 

<xs : complexType> 
<xs :sequence> 

<xs : e lement ref= " stitle"l> 
<xs :element ref-=" l ine" m i nOcc u rs="O" maxOcc urs="unbounded"l> 

</xs:sequence> 
</xs:complexType> 

</xs :e lement> 
</xs :schema> 
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Listing 3 XSL for transforming index page 

<?xm 1 version=" 1 .O"?> 
<xsl :sty lesheet X III 1 ns:xs l = ''http://www.w3 .org/1 999IXSLffransform " version = 
" 1 .0"  > 
< ! --917 /03--> 

<xsl :param name="cmax" se lect=" l " I> 
<xsl :template match="/,,> 

<htm l> 
<P align="left"><font size="6" face="Tahoma"><STRONG>PHYSICS 
1 0 1 E</STRONG> </font> 

</P> 
<P><FONT face="Tahoma"></FONT></P> 
<FONT face="Tahoma"> 

<HR style="WIDTH: 536px; HEIGHT: 6px; BACKGROUND-COLOR: 
l ightgrey" al ign=" left" /> 

</FONT> 
<body> 

< ! --check i f  reaches max=4 Illodules--> 
<xsl : i f test="$cmax&lt; 4"> 

<xs l : for-each se lect="module contentINew module"> 

< ! --xsl :va  lue-o r se lect="pos i t ionO"I--> 
< ! --Con. truet  the modu le number--> 
<xsl :variable name="MU" select="concat(positionO,' .')"1> 

<P><IMG ait="" src="folder_on.gif' a l ign="middle"l> 
<FONT face="Tahoma" color="darkblue"><STRONG> Module <xsl :value-of 
se lect="@ID"/> - <xsl :value-of select="mtitle"I></STRONG></FONT> 
<JP> 
< ! --Construct the l i n k  for connect ing page--> 
<xsl :variable name="MD" select="concat('M_',@ID)"/> 
<xsl :variable name="file l "  select="concat('Browser.asp?Exercise',@ID)"/> 

<xs l : for-each se lect="sub module"> 
<xsl :variable name="file" select="concat($MD,positionO,' .html')"/> 

<xsl :choose> 
< ! --pos i t ion 3 l i nk  to exerci se--> 

<xsl :when test="positionO='3"'> 
<P><A href=" {$fi le I }  "><FONT co lor="darkblue" face="Tahoma"><xsl :vallle-of 

se lect="$MU"/><xsl :va IlIe-of 
se lect="positionO "/><xsl :text>&#x20;</xsl :text><xsl :val ue-of 
select="stitle"/></FONT></ A></P> 

</xsl :when> 
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<xsl :otherwise><P><A href=" {$file}  "><FONT color="darkblue" 
face="Tahoma"><xsl :value-of se lect="$MU"/><xsl :value-of 
se lect="positionO" /><xsl :text>&#x20;</xsl :text> <xs I :value-of 
select="stitIe"/></FONT></A></P> 

</xsl :otherwise> 
</xsl :choose> 

</xsl : for-each> 
<br/> 
</xsl :for-each > 
</xs l : i f.> 
</body> 
</htm l> 
</xsl :template> 
</xsl :stylesheet> 
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Listing 4 XSL for transforming learning content 

<?xm l version=" l .O"?> 
<xs l : sty lesheet xml n s:xsl = ''http ://www.w3 .orgI1 999IXSLlTransform '' version = 
" 1 .0" > 

< ! --parameters send from asp, module and page--> 
<xsl :param name="cmodule" se lect="2" /> 
<xs l :param name="cpage" se lect=" I " /> 
<xsl :tem plate match="/,,> 
<htm l> 
<body> 
<xs l : for-each select="module contentINew module"> 
<xsl : i f test="@ID=$cmodule"> 

<FONT t[lce="Tahoma" color="darkblue" s ize="5 "><STRONG> <xsl : value-of 
select="mtit le"/></STRONG ></FONT><p/> 
<hr/> 
<xs l : for-each se lect="sub module"> 
< ! --xsl :val ue-of select=" posit ionO"/><brl--> 

<xsl : i f test="$cpage= 1 and positionO=I "> 
< ! -- P  al ign="left"><FONT face="Taholl1a"><U><STRON G><xs l : v a lue-of 
se lect="stitle "/></STRONG></U></FONT></P--> 

<xs l : for-each select="l ine"> 
< ! --xs 1 : v alue-of select="positionO"/><brl--> 

<xs l : i f test="positionO=5 "> 
<u><strong><FONT face="Tahoma"><xsl :val ue-of 

select=" . "/><p/></FONT></strong></u> 
</xsl : it> 

<xsl : choose> 
<xsl :when test="pos ition O= lastO"> 
< P><A h re f=" imageobject.swf'><FONT co lor=" darkbl ue"  

face="Tahoma"><xsl :val ue-of se lect="  . "/></FONT></ A></P> 
</xsl :when> 
<xsl :otherwi se> 
<xsl : i f test=" positionO !=5"> 
<FONT face="Tahoma"><xsl :value-of se lect="."/><p/></FONT> 
</xs l : i t> 
</xs l  :otherwise> 
</xsl :choose> 

</xsl : for-each> 
<FONT face="Tahoma"><A href="javascripthistory.go( - 1  )">Back</ A></FONT> 

< ! --xsl :vallle-of se lect="posit ionO"/><br/--> 
</xs l : if> 

<xs l : i f test="$cpage=2 and positionO=2"> 
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<! -- P  a l ign="lett"><FONT face="Tahoma"><U><STRONG><xsl :va lue-of 
select="stitle"/></STRONG></U></FONT></P--> 

<xs l :for-each select="line"> 
<!  --xsl :va 1 ue-of se lect="posit ionO "/><br/--> 

<xsl : i f test="positionO=l "> 
<u><strong><FONT face="Tahoma"><xsl:value-of 

select=" . "/><p/></FONT></strong></u> 
</xs l : it> 

<xsl :choose> 
<xsl :when test="positionO=lastO"> 
<P><A href=" imageobject.swf'><FONT color="darkblue" 

face="Tahoma"><xsl :value-of select=" .  "/></FONT></ A></P> 
</xsl :when> 
<xsl :otherwise> 
<xsl : i f test="positionO ! = l  If> 
<FONT face="Tahoma"><xsl :value-of select=" ."/><p/></FONT> 
</xsl : i l> 
</xsl :otherwise> 
</xsl :choose> 

</xsl : for-each> 
<FONT face="Tahoma"><A href="javascripthistory .go( 1  )">Back</ A></FONT> 

<! --xsl :va lue-of select="position( )"/><br/--> 
</xs l : i t> 

</xsl : for-each> 
</xsl : i l> 
</xsl : for-each> 
<br/> 
</body> 
</html> 
</xsl :template> 
</xsl :sty lesheet> 
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Listing 5 Main ASP 

<% Response.Buffer=True %> 
<% Dim xml 

Dim xsl 
Dim template 
Dim processor 

Dim curq 

Dim xslProc 

answ= Req uest. form(" answ") 
curq=Request.form("curq") 
To keep track of curent question 
curq= 1 +curq 

Set xml = Server.CreateObject("MSXML2.DOMDocument.4.0") 
xml .async = fa lse 
xml. load (Server.MapPath("quiz.xml"» 

Set xsl = Server.CreateObject("MSXML2.freethreadedDOMDocument.4.0") 
xsl .async = fal se 
xsl. load (Server.MapPath("quiz.xsl "» 

set xslt= Server.Createobject("MsxmI2.xSL Template.4.0") 
Set xslt.stylesheet=xsl 

Set xslProc = xslt.createProcessorO 
xslProc. input = xml 
xslProc.addParameter "curq", curq 

set x =xml .getElementsByTagName("CorrectAns") 
'Check to see i f  it  i s  a new req u est 
I f  answ="" then 
xslProc.addParameter "FeedBack",3 
e lse 
I I tem i ndex start at 0 
I f  answ=x.item((curq-2» .text then 

xslProc.addParameter "FeedBack",3 
e lse 
xs IProc .addParameter "FeedBack", 0 
xslProc.addParameter "curq", curq- l 
end i f  
end i f  

xslProc. Transform 
Response.Write xslproc.output 
Response.write( curq) 
Response.write( answ) 
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Set xml = Nothing 
Set xsl = Nothing 
%> 
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Listing 6 Exercise module content 

<?xm I version=" 1 .0"  standalone="no"?> 
<?xm I-sty lesheet type="textlxsl " href="Quiz.xsl "?> 
<Qu iz _Question> 

<New_question T O=" I "> 
<Question> 

What are the primary colors in an "additive" color system?(Easy) 
<IQuestion> 

<AnswerA> 
Red, Green, B lue 

</AnswerA> 
<AnswerB> 
Red, Yel low, B lue 

</AnswerB> 
<AnswerC> 
Cyan, Magenta, Yel low 

</AnswerC> 
<AnswerO> 
Cyan, Red, Blue 

</AnswerD> 
<CorrectAns> 
1 

<ICorrectAns> 
<Hint PC="color l .asp" POA="color l .asp" Phone="color l .asp"l> 

</New_question> 
<New_question 1 0="2"> 

<Question> 
What is the colour when m ixing green and red in additive color system? 
<IQuestion> 

<AnswerA> 
B lue 

</AnswerA> 
<AnswerB> 
Yel low 

</AnswerB> 
<AnswerC> 
White 

</AnswerC> 
<AnswerD> 
B lack 

</AnswerO> 
<CorrectAns> 
2 

<ICorrectAns> 
<H int PC="co lor1 .asp" POA ="color l .asp" Phone="color l .asp"l> 

</New _question> 
<New_question 1 0="3 "> 

<Question> 
What is the resulting color if Blue is added with Green ? 
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<IQuestion> 
<AnswerA> 
Red 

</AnswerA> 
<AnswerB> 
Yel low 

</AnswerB> 
<AnswerC> 
Cyan 

<IAnswerC> 
<AnswerO> 
Magenta 

<IAnswerO> 
<CorrectAns> 
3 

<ICorrectAns> 
<Hint PC="color l .asp" POA="color l .asp" Phone="color l .asp"/> 

</New _question> 
<New_question 1 0="4"> 

<Question> 
What is the Resulting color if Red is added to Green and to Blue? 

</Question> 
<AnswerA> 
B lack 

</AnswerA> 
<AnswerB> 
Cyan 

</AnswerB> 
<AnswerC> 
Magenta 

</AnswerC> 
<AnswerD> 
White 

</AnswerD> 
<CorrectAns> 
4 

<ICorrectA ns> 
<Hint PC="color l .asp" PDA="color l .asp" Phone="color l .asp"/> 
</New_question> 
<IQu iz _Question> 
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Listing 7 XSL for transforming the exercise 

<?xm I version=" l .O"?> 
<xsl :stylesheet xm lns:xsl = ''http://www .w3 .org/ 1 999IXSLlTransform'' version = 
" 1 .0" > 
< ! --9/7/03--> 
<!--Define parameters. value coming from ASP--> 
<xsl :param name="curq"l> 
<xsl :param name="FeedBack"/> 

<!--Usermodel store the user preference--> 
<xsl :variable name="profile" se lect="document(,usermodel .xml')"/> 

<xsl :template match="/"> 

<html> 
<head><title> M-Quiz</title></head> 
<body bgColol="#OOffff' l ink="#0080ff'> 
<p a l ign="left"><font s ize="8"><strong>Weicome Mobile Learning 
System</strong></font></p> 

<! --check i f  reaches max=3 quest ions--> 
<xsl : i f test="$curq&lt; 4"> 

<xsl : i f test="$FeedBack= 3"> 
User Model =<xsl :value-of select="$profile" I> 
Curq=<xsl : value-of select="$curq"l> 

<form method="post" act ion="Quiz _ msxmI4.asp"> 

<input> 
<xsl :attribute name="type">hidden</xsl :attribute> 
<xsl :attribute name="name">curq</xsl :attribute> 
<xsl :attribute name="value"><xsl :va l  ue-of select="$curq"/></xsl : attribute> 
</i nput> 

<xsl : for-each se lect="Quiz QuestionINew question"> - -

<xsl : i f test="@ID= $curq"> 

Question <xsl :value-of se Icct="@ID"/><br/> 

<xsl :val ue-of select="Question"/> 
<br></br> 

answer:<br/> 
<input type="radio" name="answ" value=" l "><xsl :value-of 
select="AnswerA"/></input><br/> 
<input type="radio" name="answ" value="2"><xsl :value-of 
select="AnswerB"I></input><br/> 
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<input type="radio" name="answ" va lue="3"><xsl : value-of 
select="AnswerC"/></input><br/> 
<input type="radio" name="answ" value="4"><xsl :value-of 
select="AnswerD"I></input><brl> 

<input type="reset" value="reset"></input> 
<input type="submit" value="mark" ></input> 
</xsl : if> 

</xsl : for-each> 

</form> 
</xsl : if> 
</xsl : if> 

Value of FeedBack =<xsl :value-of se lect="$FeedBack"/><brl> 

<xsl : if test="$FeedBack= 0"> 

<p>You got it wrong !</p> 
Please refer to : 
<xsl : for-each se lect="Quiz _ QuestionlNew _question "> 

<xsl : i f test="@ID= $curq"> 
10= <xsl : value-of se lect="@ID"/><br/> 
Curq=<xsl :value-of select="$curq"I><br/> 
<a> 

<xsl :attri bute name="href'><xsl :value-of select="Hint"/></xsl :attribute> 
<xsl :attribute name="target"> _ b lank</xsl :attribute> 

Hint 
<la> 
</xsl : if> 
</xsl :for-each> 
</xsl : if> 
</body> 
</html> 
</xsl :template> 
</xsl :stylesheet> 
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Appendix B 

MuItiplatform E-Iearning Systems Questionnaires (MELQ) 

Part 1 :  Demographic 

Please answer the following questions about yourself-

1 .  Enter your age group here 

C 
1 
10- 1 5  

C 
2 
16-20 

C 
3 
2 1 -25 

C 
4 
_6-30 

C 
5 
3 1 -35 

C 
6 
36-40 

2. Indicate your highest level of education achieved 

C Lower C Upper r:: Polytechnic 
High 2 High 3 
school school 

3 .  Gender: 1 C Female 2 r:: Male 

C 
7 
41 -45 

r:: 
4 

S 9 
46-50 >5 1 

Under­
graduate 

r:: 
5 

4. Please enter the activity code: I (from the evaluation steps fOlID) 

Part 2 :  e-Iearning Experience 

1 .  The browser that you are using for this activity is 

1 C Illtemet Explorer 2 C Pocket PC lE 3 C Opera 

2. Ho"v long have you worked on this e-Ieamillg system with tills palticulru' browser. 
(example : Blackboard and lE) 

I C 
2 C 
3 C  
4 C 
s C 
6 C 
7 C 
s C 
9 C 

less than 1 hour 

1 hour to less than 1 day 

1 day to less than I week 

1 week to less than 1 month 

1 month to less than 6 months 

6 months to less than 1 year 

1 year to less than 2 years 

2 years to less than 3 yeru's 

3 years 01' more 

3 .  On the average, how lUuch time do you spend per v. reek 011 this browser type (as in 
question I )? 

less than 1 hour 

1 to less than 4 hours 

4 to less than 1 0  hours 

over 10 hours 

Post 
gradua 
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Part 3: Interaction Experience 1 .  List other browser (include mobile browser) you have worked with? 

2. Of the following lists, checks those items that you have personally used and are 
familiar with: 

1 1 r 

\ 3 r 

1 5 r 

7 r 
9 r 
l l r 
1 3r 
l Sr 
17r 
1 9r 

XBox �[2 r 

Multimedia Messages 

lap top computer 

personal tutor 

PDA 

Camera Phone 

tablet PC 

web page design 

mobile Phone games 

intemet chat 
- ---�� 

I 4 r 
1 6 r 

1 8 r 
[ 10 r 
l 1 2r 
1 14r 
1 1 6r 
[ 1 8r 
1 20r 

i 

PC games I 

touch screen 

graphics tablet 

3 -D virtua.l game 

Mobile Phone web Browsing 

e-leaming system 

wireless PC 

multinledia software 
-== 

SMS Text 

video conferencing 
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Part 4: Overall Learning Satisfaction 
Please select the mUllbers which most appropriately reflect your impressions of using 
this e-learning site together with the specific device and browser. Not Applicable = NA 

1 .  Overall leaming experience to the e-Ie.aming site. 
teJTible 'wonderful 

r:::: l r::: 2D 3[1 4r::: SD 6r:::: 7D 8[1 9 r:::: NA 
2. 

frustrating satisfying 

r:::: lr::: 2r:::: 3r:::: 4r::: Sr::: 6r:::: 7r::: gD 9 r:::: NA 
3 . 

dull stimulating 

C lC 2C 3C 4C sC 6C 7C 8C 9 C NA 
4. 

difficult easy 

C lC 2C 3C 4C sC 6C 7C 8C 9 C NA 
5. 

meaningless meaningful 

r:::: lr::: 2r:::: 3r:::: 4r::: Sr::: 6r:::: 7r::: 8r:::: 9 r:::: NA 
6. 

rigid user fl-iendly 

C lC 2C 3C 4C sC 6C 7C 8C 9 C NA 
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Part 5-1 : Content Dimension - Organisation 
Select the number which most appropriately reflects your impressions of using the e­

learning system together with the specific device and browser. Not Applicable = A. 

1 .  Accessing the e-learnil1g module was 

difficult 

2. Navigate through the e-Ieaming module was 

difficult 

3 .  The e-Ieaming module is meaningfully stmctured 

disagree 

Part 5-2 : Content Dimension - Granule 

easy 

e,as)' 

agree 

r:: 
NA 

r:: 
A 

C 
NA 

Select the number which most appropriately reflects your impressions of using the e­

learning system together \vith the specific device and b:rowser. Not Applicable = NA. 

1 . The e-Iearning content was concise and easy to understand 

2.  Tasks (exercises, reading content, simulation) can be completed 

with 
difficulty 

3.  The e-Ieaming content is at the level of 

e�}Jert 

always 

C 
NA 

C 
NA 

r:: 
NA 
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Part 5-3: Content Dimension - Multimedia object 
Select the mmlber which most appropriately reflects your impressions of using the e­

learning system together \vith the specific device and browser. Not Applicable = NA. 

1 . Quality of still images within the module 

inadequate 

r: 1 r:: 2r:: 3r: 4r! Sr! 6r:: 7r:: Sr:: 9 
2 . lllli1ges within the module are 

fuzzy 

r: 1 r:: 2r:: 3C 4C sC 6C 7C Se 9 
3 . lluage brightness within the module 

dim 

C 1 C 2C 3C 4C sC 6C 7C sC 9 
4. Quality of aninlation or video \vithin the module 

inadequate 

5. Content of animation or video within the module 

useless 

r: 1 C 2C 3 C 4C 5C 6C 7C 8C 9 
6. Multimedia display size is 

inadequate 

r: 1 C 2r:: 3C 4C 5r:: 6C 7r:: 8C 9 
7 . Sotmd output 

inaudible 

C 1 C  2C 3C 4C sC 6C 7C 8C 9 
8. Sound output quality 

inadequate 

C 1 C 2C 3C 4C sC 6C 7C g C  9 
9. Colors used are 

unnatural 

C 1 C 2C 3C 4C 5C 6C 7C gC 9 
1 0. AmOlmt of colors available 

inadequate 

adequate 

clear 

bright 

adequate 

meaningful 

adequate 

audible 

adequate 

natural 

adequate 

C NA 

r:: NA 

C NA 

C NA 

C NA 

C NA 

C NA 

C NA 

C NA 

C NA 

24 1 



1 1 . Amount of multimedia interactillity available "vithin the module 

inadequa te adequate 

Pad 5-4: Content Dimension - Pedagogy 
Select the number which most appropriately reflects your impressions of using the e­
learning system together with the specific device and browser. Not Applicable = A. 

I 

1 .  Instructions given for completing module 

confusing deal" 

C 1 C 2C 3C 4C sC 6C 7U sC 9 C NA 

2. The e-Ieaming module was 

useless helpful 

C 1 C 2C 3C 4C sC 6C 7C sC 9 C NA 

3. The e-Iearning module content was 

meaningless meaningful 

[: 1 [: 2[: 3[: 4[: 5[: 6[: 7[: S[: 9 [: NA 

4. Revisit learning e-Iearning module content is 

meaningless helpful 
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Part 6-1 :  User Dimension-Environment 
Select the nwnber which most appropriat.ely reflects your ClUTent envirownent. Not 

Applicable = NA. 

1 .  The slUTolmrung is 

noisy quiet 

C 1 C 2C 3C 4C sC 6C 7C gC 9 [J NA 

2. Activities SlUTOWld me are 

interruptive non inteJTuptive 

C lC 2C 3C 4C sC 6C 7C gC 9 C NA 
3 . ClUTent surrolmding affect my attention 

very much very little 

C 1 C 2C 3C 4C sC 6C 7C gC 9 C NA 
4. My environment is 

distracting relaxing 

C 1 C 2C 3C 4C Sr:: 6r:: 7r:: gr:: 9 r:: NA 

S. My learning experience in this environment is 

indifference satisfying 
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Part 6-2 : User Dime-nsion - Environme-nt - Available of Help 
Select the number which most appropriately reflects your impressions of using the e­

learning system together with the specific device and browser. Not Applicable = NA. 

1 .  Amount of personal help available 

dissatisfying satisfying 

r: I r: 2[1 3r::: 4[j Sr::: 6[j 7[: gC 9 r:: NA 

2. Available of help make me feel 

less c.onfident confident 

C 1 r:: 2C 3C 4C sC 6C 7C gC 9 C NA 

3. Available of help allow me. to operate the system with 

�ffi�� e� 

C 1 r:: 2C 3C 4C sC 6C 7C gC 9 C NA 

4 _ Available of help allow me to understand the contffit much 

confusion e-aSle-r 

C 1 r:: 2C 3C 4C sC 6C 7C gC 9 r:: NA 

5 _ Available of help make my learning experience 

indiffe-n'nce- satisfying 
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Pal't 6-3: User Dimension - Motivation 

Select the numbe-r which most appropriately reflects your situation of using the e­
learning system together with the specific device and browser. Not Applicable = NA. 

l .Time given to perform tasks 

inadequate adequate 

C l e  2C 3r:: 4(;; Se 6r:: 7[J s� 9 C NA 

2. I completed the task 
urgently at my mm pace 

3 , I have strong need to complete the tasks 
disagree agree 

Pal"t 6-4: User Dimension - Prefel"ence 
Select the number which most appropriately reflects your situation of using the e­
learning system together \vith the specific device and browst"f. Not Applicable = NA. 

I .  The web page backgrowld meets my preference 

dissatisfied 

C I r:: 2C 3 C  4C sC 6C 7C gC 9 
2. The fonts used meet my preference 

dissatisfied 

C I r:: 2C 3r:: 4C Sr:: 6C 7C sC 9 
3 .  The content difficulty meets my preference 

very little 

4. The teaching strategy suits my preference 

little 

satisfied 

C NA 

satisfied 

r:: NA 

very mudl 

C NA 

much 

C NA 
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Part 7-1 :  Capability Dimension - Presentation Capability 
Select the ntilllbt"l" which most appropriately reflects your impressions of using the e­
learning system together with the specific device and browse:r. Not Applicable = NA. 

I .  Characters on the device screen 

hard to read easy to read 

C 1 C 2[: 3[: 41:: 51:: 61:: 71:: gC 9 r:: NA 
2. Image of characters (characters in the image) 

fuzzy sh3J"p 

C 1 C 2C 3� 41J 5C 6C 7� SE:; 9 C NA 

3 . Character shapes (fonts) 

barely legible nry legible 

C 1 C 2C 3C 4[: 5C 6[;; 7[; sC 9 C NA 

4. Highlighting on the screen 

unhelpful helpful 

C 1 C 2C 3C 4[: 5C 6C 7C sC 9 C NA 

5. Use ofbolding 

unhelpful helpful 

C 1 C 2C 3C 4C sC 6C 7C 8C 9 C NA 
6. Screen orientation were helpful 

never always 

C 1 C 2C 31:: 41:: 51:: 61:: 7[: sC 9 C NA 

7. Screen display size is 

inadequate adequate 

C 1 C 2C 31:: 41:: 51:: 61:: 71:: 8C 9 C NA 
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Pal't 7-2 : Capability Dimension - Ergonomic Capability 

Select the number which most appropriately reflects your impressions of using the e­
learning system together with the specific device and browser. Not Applicable = A. 

1 .  Learn to use the browser is 

difficult easy 

r:: l r:: 2r:: 3r:: 4r:: Sr:: 6r:: 7r:: 8r::: 9 r:: A 
2 .  The browser is user friendly 

D(>vel' always 

r:: l r:: 2r:: 3r:: 4r:: Sr:: 6r:: 7r:: 8r:: 9 r:: NA 
3 .  Tinle to learn using the browser is 

slow fast 

[: 1 [:  2[: 3[: 4[: S[: 6[: 7[: g[: 9 [: NA 
4. Learning to operate the device 

difficult (>asy 

[: 1[: 2£:: 3[: 4C sC 6C 7C gC 9 C NA 
S. The device is user friendly 

D(>V(>I' always 

[: l C 2£:: 3C 4C sC 6C 7C 8[: 9 C NA 
6. Time to learn using the device is 

slow fast 

C IC 2£:: 3C 4C sC 6C 7C 8C 9 C NA 
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Part 8-1 : Communication Dimension - Perceived Response 

Select the number which most appropriat.ely reflects your impressions of using the e­

learning system together with the specific device and browser. Not Applicable = NA. 

1 .  Page Download time 

too slow fast enough 

r:: 1 r:: 2r:: 3r:: 4r:: Sr:: 6r:: 7r:: Sr:: 9 r::: NA 
2. Response time for most operations 

too slow 

C 1 C 2C 3C 4C sC 6C 7C sC 9 
3. Rate information is displayed (rendered) 

too slow 

Part 8-2: Communication Dimension - Perceived Quality 

fast enough 

C 
NA 

fast e.nough 

C 
NA 

Select the number which most appropriat.ely reflects your impressions of using the e­
learning system together with the specific device and browser. Not Applicable = NA. 

1 .  The system is (seem) reliable 

oevel· always 

2. Operations are 

undependable dependable 

C 
l
C 2C 3C 4C sC 6C 7C sC 9 C NA 

3.  System failures (hang) occur 

frequently seldom 

C 
1

C 2C 3C 4C sC 6C 7C sC 9 C NA 
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Part 8-3: Communication Dimension - Delivery Mode 

Select the number which most appropriately reflects your impressions of using the e­
learning system together with the specific device and browser. Not Applicable = A. 

1 .  ClUTent mode of content delivery is 
dissatisfying satisfying 

[1 1 D 2[1 3D 4D SD 6[1 7[1 8[1 9 r:: NA 

2.  The mode of delivery is 

not acceptable acceptable 

C 1 C 2C 3C 4C sC 6C 7C 8C 9 r:: NA 

3.  ClUTent mode of delivery is easy to operate 

never always 
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Part 9-1 :  Coordination Dimension - l'avigation 
Select the number which most appropria1ely reflects your impressions of using the e­
learning system together with the �1>ecific device and browser. Not Applicable = NA. 

I .  Navigation \vithin the e-Ieaming site is 
difficult 

� 1 � 2� 3� 4� 5� 6fj 7D Se 9 
2. Next �creen in a sequence 
unpredictable 

3. Going back to the previous screen 
impossible 

C IC 2C 3� 4C sC 6� 7C sC 9 
4. Progression of work related t.asks 

confusing 

� l� 2� 3� 4C 5� 6C 7� 8� 9 
5. Using icon (small picture) for navigation 

difficult 

� 1� 2� 3� 4� 5� 6� 7� 8� 9 
6. Using anchored text (underlined hyper link) for navigation 

e.asy 

predict. ... ble 

easy 

clearly 
marked 

easy 

difficult e.asy 

r::: 

C 

C 

r::: 

r::: 

NA 

NA 

NA 

NA 

NA 

� 1 � 2� 3� 4� 5� 6� 7� S� 9 � NA 
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Part 9-2 : Coordination Dimension - Interaction 

Select the number which most appropriately reflects your impre sions of using the e­
learning system together \vith the specific device and browser. Not Applicable = A. 

1 . Tasks can be performed in a straight-forward matUler 

never 

C 1 C 2C 3C 4C sC 6C 7C 8C 9 
2. Number of steps per task 

too many 

C 1 C 2C 3C 4C sC 6C 7C gU 9 
3 . Steps to complete a task follow a logical sequence 

never 

C 1 [: 2[: 3[: 4[: 5[: 6[: 7[: 8[: 9 
4. Feedback on the completion of the steps 

unclear 

Part 9-3 : Coordination Dimension - Prest'ntation 

always 

C 
NA 

just right 

C 
NA 

always 

[: 
NA 

dear 

[: 
NA 

Select the number \>vhich most appropriately reflects your impressions of using the e­
learning system together with the specific device and browser. Not Applicable = NA. 

1 . Amount of information displayed on screen 

inadequatt' adequate 

C 1 C 2C 3C 4C sC 6C 7C gC 9 C 
NA 

2. layout of information on screen 

unsatisfied satisfy 

C 1 C 2C 3C 4C 5C 6C 7C gC 9 C 
NA 

3 . Overall content presented on screen 

unsatisfied satisfy 

r:: 1 [: 2[: 3[: 4[: 5[: 6[: 7[: g[: 9 [: 
NA 
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Appendix C 

Ethic Approval Forms 

" �h' 

�-� � Massey University 
.....,. 

22 December 2004 

Tiong-Goh 
P O  Box 600 
WELLINGTON 

Dear Tiong 

Re: An adaptation framework for web based e-Iearning 'ystem 

OffiCE Of THE ASSISTANT 
TO THE VlCE-CHANCEUOR 
(ETHICS & EOUITY) 
P rm .. Bill 11 U2 
Pin..,.",. Nor1h 
N_ zeallld 
T 64 S 3SO 5513 
f 64 6 3SO 562.2 
humanethlesCma$Sey.lc.nt 
�.ma:sse,.le.nz 

Th�nk you for the Low Risk Notification that was received on 22 December 2004. 

Your projcct has heen recorded on the Low Risk Dalabase which is reponed in th ' Mass!!)' 
University Human Ethics Committee AnnuaJ Repon. 

Please noLify me if sirualions subsequently occur which cause you 10 reconsider your initial 
elhiml analy is thal it is safe to proceed without approval by a campus human ethics committee. 

Please ensllre thal the following statement Is used on Information Sheets: 

"This project has been evaluated by peer review alld judged 10 be low risk. 
Consequelllly, it has nOT been reviell'ed by olle of the University's HI/nwn Ethics 
Conunit/el's. Thl' researcher(s) named above are respolISible for rhe erhical concblct 
of rhis research_ 

If YOII have any concerns abouI the conduCT of rhis research that JOII wish to mist' 
Il'ith someone olher Ihan Ihe researcher(s), please COlllac/ Profe . or 1:!)'lvia Rllmbal/, 
Assisranr TO tile Vice-Chancel/or (Ethics & Equity), telephone 06 350 5249, email 
IlfIlflanelhicspn @massey.ac.nz ·'. 

Please note that if a sponsoring organisation, funding authority, or a journal in which you wish 10 
publ ish requires evidence of commillec approval (with an approvaJ number), you will haw to 
provide a full applicat ion to a Campus Human Elhics commiuee. You should also nple that such 
an approval can only be provided prior 10 the commencement of the research. 

Professor Sylvia V RUlllbaJJ, Chair 
Assistant to the Vice-Chancellor (Ethics & Equity) 

cc Prof Kinshuk & Prof Klaus-Dieter Schewe 
Department of Information Systems 
PN3 1 1 

M .. sey Uniwrsity Human Ethic. Committee 
Alx:redl1ed by the Health Res"",ch Council 
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[Print on Massey University departmental letterheadj 
[Logo, name and address of DepartmentlSchooVlnstitute/Sectionj 

An adaptation Framework for Web Based e-Iearning 
System 

INFORMATION SHEET 

Introductio n 
I am a phd student with the department of information system, Massey university. I am currently 
conducting a research into an adaptation framework for web based e-Iearning system. The main aim of 
the research is to evaluate the factors influencing e-/earning experience from a multiplatform scenarios 
perspective. I would like your opinion when using different devices such as PC, PDA and mobile phone 
while accessing e-Iearning system. 

Participant Recruitment 
The participants will be recruited from advertisement from notice board and flyer. Participants will be 
recruited for the seven scenarios to be evaluated. Participant's who completed the evaluation shall be 
compensated with a voucher for their time. There will be no discomforts or risks to participant as a result 
of participation. 

Project Procedures 
Data will be analysis using statistical method to determine the relationship between several 
environmental parameters and learning experience. The data will be kept in a secured cabinet with lock. 
The data will be disposed off after 2 years of project completion. A summary of project finding will be 
included in the final thesis and wl71 be kept in Massey University library. No individual identity shall be 
included in the report. 

Participant involvement 
Participant will be given a scenario and then access e-Iearning web sites to complete several tasks. Upon 
completed a task, participant need to response to a set of questionnaires. An informal discussion will 
follow after the completion of the assigned tasks. Approximate time to complete the evaluation is about 2 
hours. 

Participant's Rights 
You are under no obligation to accept this invitation. If you decide to participate, you have the right to: 

decline to answer any particular question; 
withdraw from the study anytime; 

• ask any questions about the study at any time during participation; 
provide informav'on on the understanding that your name 1'1111 not be used unless you give 
permission to the researcher; 

• be given access to a summary of the project findings when it is concluded. 
• I also understand that I have the right to ask for the audiolvideo tape to be tumed off at any time 

during the interview. 

Information Sheet 
Page I on 
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Project Contacts 
Tiong Goh 
Researcher 
Phone: 04-4636860 
E-mail : tion9.90h@vuw.ac.nz 

Associate Professor Kinshuk 
Supervisor 
E-mail : kinshuk@ieee.org 

1 .  Committee Approval Statement 

This project has been evaluated by peer review and judged to be low risk. Consequently it has 
not been reviewed by one of the University's Human Ethics Committees. The research(s) named 
above are responsible for the ethical conduct of this research. 

If you have any concerns about the conduct of this research that you wish to raise with someone 
other than the researcher(s), please contact Professor Sylvia V Rumball, Chair, Massey 
University Campus Human Ethics Committee: Palmerston North, telephone 06 350 5249, email 
humanethicspn@massey.ac.nz. 

2. Compensation for Injwy 
If physical injury results from your participation in this study, you should visit a treatment provider 
to make a claim to ACC as soon as possible. ACC cover and entitlements are not automatic and 
your claim will be assessed by ACC in accordance with the Injury Prevention, Rehabilitation and 
Compensation Act 200 1 .  If your claim is accepted , ACC must inform you of your entitlements, 
and must help you access those entitlements. Entitlements may include, but not be limited to, 
treatment costs, travel costs for rehabilitation, loss of earnings, and/or lump sum for permanent 
impairment. Compensation for mental trauma may also be included, but only if this is incurred 
as a result of physical injury. 

If your ACC claim is not accepted you should immediately contact the researcher. The 
researcher will initiate processes to ensure you receive compensation equivalent to that to which 
you would have been entitled had ACC accepted your claim. 

InfolIDation Sheet 
Page 2 of2 
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[Print on Massey University departmental letterheadl 
[Logo, name and address of DepartmentlSchooVlnstitute/Sectionj 

An adaptation Framework for Web Based e-Iearning 
System 

PARTICIPANT CONSENT FORM 

This consent form will be held for a period of five (5) years 

I have read the Information Sheet and have had the details of the study explained to me. My questions 

have been answered to my satisfaction, and I understand that I may ask further questions at any time. 

I agree/do not agree to the interview being audio taped. 

I wish/do not wish to have my tapes returned to me. 

I wish/do not wish to have data placed in an official archive. 

I agree to not disclose anything discussed in the Focus Group. 

I agree to participate in this study under the conditions set out in the Information Sheet. 

Signature: Date: 

Ful l  Name - printed 

Pru1icipant Consent Form 
Page 1 of 1 
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Appendix E 

Sample Task Form 

Evaluation 1 
Objective (for participant> 
The a i m  of the experiment is to experience e-Iearning system with different 
engaging environment. 

Scenario 
Consider you are now sitting in a classroom .  You wi l l  be using PC, PDA and 
Mobi le phone to explore two simi lar e- Iearn ing web sites.  Web site A 
(B lackboard) is a traditional web site without adaptation capabi l ity whi le web 
site B has adaptation capabi l ity. I n  this experiment you are free to ask any 
questions during the process to a id your understanding.  

Blackboard Device 
Home Page 

Module 2 PC 

Module 1 PDA 

Module 3 Mobile 

Physics 1 0 1 E Device 
Home 
Page 

Module 2 PC 

Module 1 PDA 

Module 3 Mobile 

Each participant must complete 6 tasks, 3 from the Blackboard page with 3 
d ifferent environments and 3 tasks from the Physics1 01 page with 3 d ifferent 
environments . 
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Activity cod e :  __ _ 

1 .  Take the pre-test first 

2 .  Read the scenario a nd objective . 

3 .  Launch the l E  browser from the' PC . 

4 .  Record the Date ____ and Time : ____ now. 

5 .  Get into BlackBoard .vuw.ac.nz and g o  to the Course Document folder > 
Physics1 0 1  folder. 

6 .  Select Module ___ ONLY.  

7 .  Activate and read carefully the fist sub l ink within th is module .  

8 .  Activate and read carefully the second sub l ink with in th is module.  

9. If  you are ready, activate the exercise with in this module and answer the 
questions.  Complete a l l  the questions in the exercise to the best of your 
knowledge.  You can go back to review the sub-module .  

1 0 .  The password is 1 2345 

1 1 .  Once completed,  record the number of correct answer. 

1 2 . Record the Time : _____ now. 

1 3 . Complete the evaluation form in Excel and take notes on anyth ing that 
might be useful for the researcher. 
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Activity code:  __ _ 

1 .  Read the scenario and obj ective. 

2 .  Record the Date ____ and Time : ____ now.  

3 .  Launch the l E  browser from the PC . 

4 .  Get into the web site 
http : //student.sim .vuw.ac . nz/projectlP1 /Physics1 01 E . html .  

5 .  Select Module ___ ONLY.  

6 .  Activate a n d  read carefu l ly the fist s u b  l i n k  w ith in th is module.  

7 .  Activate and read carefully the second sub l ink  with in  th is module.  

8. If  you are ready, activate the exercise with in  this mod ule and answer 
the questions. Complete a l l  the questions in the exercise unti l you get 
a l l  the answer correct. You can go back to review the sub-module.  

9.  The password is ' 1 2345'  and user name is 'P1 ' 

1 0 . Record the Time : _____ now. 

1 1  . Complete the evaluation form in  Excel and take notes on anythi ng that 
m ight be useful for the researcher. 
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Activity code :  __ _ 

1 .  Take the pre-test first 

2 .  Read the scenario and objective . 

3 .  Launch the Pocket I E browser from the PDA. 

4 .  Record the Date ____ and Time : ____ now. 

5 .  Select the 1\ Physics1 0 1  folder" in Blackboard . 

6.  Select Module ___ ONLY. 

7. Activate and read carefu l ly the fist sub l ink within this module .  

8 .  Activate and read carefully the second sub l ink with in th is module. 

9 .  I f  you are ready, activate the exercise within th is  module and answer 
the questions. Complete all the questions in the exercise to the best of 
your knowledge . You can go back to review the sub-module.  

1 0 . The password is 1 2345 

1 1 .  Once com pleted , write down the number of  correct answer. 

1 2 . Record the Time : _____ now.  

1 3 . Complete the evaluation form in Excel and take notes on anything that 
might be useful for the researcher . 
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Activity code :  __ _ 

1 .  Read the scenario and obj ective. 

2 .  Launch the Pocket l E  browser. 

3 .  Record the Date ____ and Time : ____ now. 

4. Get into http : //student.s im .vuw.ac.nz/project/P1 /Physics1 01 E . html .  

5 .  Select Module __ ONLY.  

6 .  Activate a n d  read carefu l ly the fist s u b  l i n k  within th is  module .  

7 .  Activate and read careful ly the second sub l ink with in  this module .  

8.  I f  you are ready, activate the exercise with in th is module  and answer the 
questions.  Complete all the questions in  the exerc ise to the best of your 
knowledge. You can go back to review the sub-module.  

9 .  The password is 1 2 345 and user name is "P1 " .  

1 O .  Once completed , write down the number of correct answer. 

1 1 .  Record the Time : _____ now. 

1 2 . Complete the evaluation form in Excel and take notes on anything that 
might be useful for the researcher. 

262 



Activity code :  __ _ 

1 .  Take the pre-test first 

2 .  Read the scenario and objective . 

3 .  Launch the Opera browser from the mobi le phone 

4 .  Record the Date ___ and Time : ____ now. 

5. Select the " Physics 1 0 1  folder" in  Blackboard . 

6.  Select Module ___ ONLY. 

7 .  Activate and read carefu l ly the fist sub l ink  within this module .  

8 .  Activate and read careful ly the second sub l ink within this module .  

9 .  I f  you are ready, activate the exercise with in this modu le a n d  answer the 
questions. Complete all the questions in  the exercise to the best of your 
knowledge.  You can go back to review the sub-module .  

1 0 . The password is 1 2345 

1 1 .  Once completed, write down the number of correct answer. 

1 2 . Record the Time:  _____ now. 

1 3 . Complete the evaluation form in Excel a nd take notes on anything that 
m ight be useful for the researcher. 
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Activity code:  __ _ 

1 .  Read the scenario and objective. 

2 .  Launch the Opera browser from the mobi le phone 

3 .  Record the Date ___ and Time : ____ now. 

4. Get into http : //student. sim .vuw.ac.nz/project/P1 /Physics1 0 1 E . htm l .  

5 .  Select Module __ ONLY .  

6.  Activate and read carefu l ly the fist sub l ink with in th is module .  

7.  Activate a nd read careful ly the second sub l ink with in  this module .  

8.  I f  you are ready, activate the exercise with in  this module and answer the 
questions. Complete all the questions in the exercise to the best of your 
knowledge.  You can go back to review the sub-mod ule.  

9.  The password is  1 2345 

1 0 . Once completed , write down the number of correct answer. 

1 1 .  Record the Time : _____ now. 

1 2 . Complete the evaluation form in Excel and take notes on anything that 
might be usefu l for the researcher. 
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