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Abstract 
Changes in legislation, an emphasis on widening participation and the increasing 

reliance on online techniques for learning and teaching have contributed to 

improved opportunities for students with disabilities. This study provides a 

synergy with the current shift in the approaches to addressing accessibility, by 

acknowledging that ‘one size fits all’ approaches can be impractical, and 

encouraging creativity in providing multiple, aggregated routes that together help 

as many as possible to achieve the same goal. 

 

Taking accessibility in its widest sense, the focus of this thesis is to explore the 

potential of learning content adaptability and provide solutions to meet the needs 

and preferences of the individual learner. This research suggests a solution that is 

based on the principle that learning content can be generated from adaptable 

aggregations of learning objects and media components. The primary aim of the 

study is to extend the possibilities of learning object adaptation by proposing a 

transformation, augmentation, substitution service (TAS), which by using a 

variant of IMSAccessForAll metadata works on available metadata and user 

profiles to generate alternative, equivalent learning experiences relating to a 

users’ declared needs, preference and learning styles 

 

This research captures the requirements for developing accessible and adaptable 

learning objects. This is achieved through the concept of an authoring tool that 

employs the use of learning design patterns in order to support the academic in 

designing pedagogically rich, reusable and adaptable learning objects. 

Furthermore, we investigate the creation of a profiling mechanism that supports 

the expression of a learner’s profile of needs and preferences. Based on this 

approach this study explores a novel approach to adaptability, by exploiting the 

TAS adaptation service to match the learner’s needs with the learning resource’s 

capabilities. 
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A series of investigations assess the efficacy and accuracy of the proposed 

profiling mechanism and learning object authoring tool and the adaptation service 

is examined to establish its effectiveness in adapting a learning object to suit the 

needs of a variety of learners. 

 

This research opens ways for adaptable and personalised learning systems, which 

are responsive to the individual learner. Such a system provides a learning 

experience which adapts to individual needs and preferences, regardless of any 

disabilities the learner may have or the context in which they are working. The 

thesis focuses on extending learning environments to encompass adaptability and 

represents a significant step towards the realisation of a development framework 

for a personalised and adaptable learning environment. 
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Chapter 1 

Introduction 

 

1.1 Overview 
In the present landscape of technological and social change, it is clear that current 

approaches to accessibility must evolve in order to respond to the changes in the 

way learning content is created. There has been a number of generic definitions of 

accessibility that have focused on reducing barriers to accessing the Web and 

ensuring equitable access for all users (Paciello, 2000; Web Accessibility 

Initiative, 2005). Broadly speaking, accessibility in the context of e-learning is 

understood as ensuring that learners are not prevented from accessing content and 

experience by technologies on the grounds of their disability. For the purpose of 

this work, we have adopted the United Nations Convention definition of 

disabilities which considers that all people are disabled in some circumstances 

and that disability is a social construct, not an attribute of an individual 

(Convention on the Rights of Persons with Disabilities, 2006). This work 

proposes a shift from the view of disability as a personal trait, to that of a 

description of a poor relationship between a person and their immediate 

operational requirements, in this case between a learner and a learning resource. 

We take the view that resource accessibility is an attribute of the matching of a 

resource to a user’s individual needs and preferences. 

 

The Special Educational Needs and Disability Act (SENDA, 2001) and Disability 

Standards for Education (DSFE, 2005) amendments to the Disability 

Discrimination Acts in the UK, require all services, including online learning, to 

be accessible to students. Changes in legislation, the emphasis on widening 

participation and the increasing reliance on online techniques for learning and 

teaching have contributed to improved opportunities for students with disabilities 

to participate in Higher Education (Pearson & Koppi, 2005). Online learning can 

be a liberating and accessible experience for students with disabilities, providing
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that the environment is designed to meet the needs of the individual. 

 

The concept of designing to meet the needs of a wide range of learners implies 

that the disabled student need not be considered as a special case, rather as 

meeting learner requirements according to their needs for access using assistive 

technology, preferences, or environment.  

 

In this chapter, the central thesis is established, followed by an exploration of the 

background to the research, along with the supporting hypotheses. We conclude 

by providing an outline of the thesis. 

 

1.2 Motivation for the Research 
This work takes the view that there is a need for a shift in focus from ‘one size fits 

all’ approach to accessibility, to an approach which encourages and supports 

creativity in providing multiple, aggregated routes that help as many as possible 

to achieve the same learning outcome through an equivalent learning experience. 

Central to this definition are the concepts of adaptability, flexibility and the idea 

that learning environments can and should be adjusted to meet the needs of 

learners. Accessibility in terms of adaptability moves the focus on users from a 

homogenised universal definition, to the recognition of the idiosyncratic needs 

and preferences of the individual (Kelly et al., 2009). In terms of this work the 

term accessibility is used to describe access to resources that are personalised to 

match an individual’s needs and preferences. Adaptability shifts the emphasis and 

calls for greater freedom for users to facilitate individual accessibility in the web 

environment.  
	  

The Web allows for the technology and environment for adaptable and 

personalised learning: learners can be uniquely identified, content can be 

specifically adapted and personalised, and learner progress can be monitored, 

supported, and assessed. However, a large use of rich multimedia components 

which is widely utilised to improve efficacy of web-based instruction, ranging 

from Flash animations to pre-recorded video-lectures, makes the provision of 
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fully accessible and portable multimedia content a complex, cumbersome and 

expensive task. Working with multimedia resources presents significant 

challenges ranging from the basic need to provide a textual equivalent for each 

multimedia resource, to the final accessibility evaluation that requires a range of 

tests to be accomplished; both of which tasks could become time-consuming and 

complex for an academic developer. This research aims to support the 

development of web-based learning services that can be resilient to the diversity 

of uses of such services, the target audience, available resources, technical 

innovations and relevant definitions of accessibility. 

 

The rationale behind this research is that most often academics are largely 

responsible for producing and maintaining their own learning materials (Pearson 

& Koppi, 2005) and while some embrace the challenge of new technologies with 

enthusiasm and accept the need for accessibility, other academics may regard the 

requirements to produce accessible online courses as a burden they have neither 

the skills nor the time to tackle (Bennett et al., 2003). Despite the plethora of 

design and technical tools that are available to academics, evidence would suggest 

that they appear to be having a limited impact on practice, and therefore on the 

experiences and outcomes for students (Seale & Cooper, 2009). Seale (2006) 

commented that the lack of knowledge about how to make learning content 

accessible was surprising, given the large number of tools that had been 

developed to supposedly help academics in this endeavour. More specifically, 

researchers have condemned the perceived inaccessibility of e-learning 

experiences offered to students with disabilities (Lamshed et al., 2003; Spindler, 

2004; Witt & McDermott, 2004). The complexity of multimedia learning 

resources and the diverse needs of disabled students require a different approach, 

one which supports transformation, augmentation or substitution of the resource 

at the point of delivery, at the same time maintaining its pedagogic integrity 

(Gkatzidou & Pearson, 2009).  

 

1.3 Aims and Objectives 
The fundamental aim of the research is to offer an alternative perspective about 

accessible and adaptable learning and to explore a research foundation that 
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supports the adaptation of learning content to meet the diverse needs of learners. 

Rather than seeking to enhance the universal accessibility of individual web-based 

learning objects through metadata and technical innovations, the research aims to 

investigate a user-focused approach that embeds diversity in developing adaptable 

learning resources in the process of maximising accessibility. Such diversity will 

reflect the personal needs and preferences of the learner, the context of learning 

and the learning environment.  

 

Therefore, the main objectives of this research are as follows: 

 

 Investigate the design requirements for a learning object to fulfil not only 

the requirements for reuse but also the educational need for tailored and 

adaptable learning. 

 Design and develop an authoring tool that supports the creation of 

pedagogically rich learning objects, with the aid of learning design patterns, 

allowing the designer to create and appropriately label retrievable, reusable 

and adaptable learning objects. 

 Design and develop a profiling mechanism that extracts profile data on the 

needs and preferences of the learner. Review and assess the implementation 

of the XML-based accessibility metadata standards to describe the learner 

in terms of their needs and preferences and the learning resource in terms of 

its components. 

 Design an adaptation system that performs a series of adaptations in order 

to provide a match between the learner’s needs and the resource’s 

capabilities.  

 Test the functionality, assess the efficacy and discuss the potential and 

limitations of the adaptation service and its separate components. 
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1.4 Thesis & Hypotheses  
The central assertion of this thesis is that: 

 

A learning object adaptation service can provide an accessible 

relationship between the learner and the learning resource, by a process 

of matching the description of a user’s control, display and content 

needs and preferences with a description of the components of the 

learning object itself. 

 

The aim of this work is to respond to these challenges for adaptable learning, by 

suggesting a learning object adaptation service, which allows for flexibility and 

personalisation to learners’ needs and preferences. The proposed adaptation 

service combines the pedagogical potential of learning object design patterns with 

the interoperability and adaptability offered by metadata specifications, in order to 

deliver learning objects that are tailored to the needs and preferences of the 

individual learner. Establishing support for this thesis leads to the proposal of 

three hypotheses. 

 

1.4.1 Hypothesis One 
The first hypothesis argues that: 

 

It is possible to develop an authoring tool that employs a 

standards-based approach to create adaptable learning objects 

from aggregations of media components. 

 

The authoring tool will include an ‘accessibility wizard’ component that can offer 

support to academics with limited programming expertise in creating and 

appropriate labelling of retrievable, reusable and adaptable learning objects. 
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1.4.2 Hypothesis Two 
The second hypothesis argues that: 

 

It is possible to create a profiling mechanism that uses a 

standards-based approach to collect, record and extract the 

learner’s preferences in relation to accessibility constraints. 

 

These accessibility constraints are defined in terms of display, control and content 

information, allowing users to customise the selection and presentation of content. 

The preferences include access requirements, content views, styling preferences 

and equivalent content requirements.  

 

1.4.3 Hypothesis Three 
The third hypothesis is based on the premise that: 

 

A transformation, augmentation and substitution (TAS) 

adaptation service can map the learners’ profiles requirements 

against the learning objects features, to form an accessible 

relationship between the user and the learning object.  

 

This is achieved by the disaggregation and re-aggregation of the required 

alternative components of the learning object prior to the delivery of a new 

learning object that is tailored to the needs and preferences of the individual 

learner. 
 

1.5 Originality of the Work 
The originality of this work lies in our holistic approach to learning object 

adaptability, by implementing existing accessibility metadata standards in order to

develop a method of matching a learning resource’s capabilities to a user’s needs 

and preferences. According to literature, it is worth noting that there have only 

been very few implementations of the adaptability metadata standards that have
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 set out specifically to investigate the adaptability of learning objects. The 

implementation of the IMS AccessForAll (IMS, 2004) specification for the 

description of the learning object and the learner’s access needs allows for a novel 

approach to learning objects adaptation.  

 

Another novel aspect of this research is the combination of accessibility 

requirements and pedagogical design guidelines with methodologies to 

automatically produce learning objects that could be adapted to suit the diverse 

needs of learners, devices and environment. The principles for learning object 

adaptation and re-use are enriched by the use of learning object design patterns 

that pedagogically enhance the formal standardisation process. 

 

The development of an adaptation system that supports the adaptation of learning 

objects, alongside a learning object authoring tool that supports the creation of 

adaptable learning object and a profiling mechanism that extract learner’s profile 

of needs and preference, represent the novelty of this work. The system as a 

whole provides a unique method of matching the learner’s needs to the learning 

object’s capabilities and offers an alternative perspective to accessibility of 

learning resources. 

 

It is worth noting that although personalisation techniques included in our 

profiling approach are rather well known and already existing, the inclusion of the 

profiling tool within the adaptation system completes our approach.  

 

1.6 Research Methodology 
This work utilises design-based research methods (Herrington et al., 2007) and 

follows a methodology combining design-based research with action research. 

Barab and Squire (2004) define design-based research as a ‘series of approaches 

with the intent of producing new theories, artifacts and practices that account for 

and potentially impact learning and teaching in naturalistic settings’. This series 

of approaches has been labelled in many different ways including ‘design-based 

research; (Kelly, 2003), ‘development research’ (van de Akker, 1999), ‘design
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 research’ (Reeves et al, 2005) and ‘design experiments’ (Brown, 1992; Collins, 

1992). Design-based research integrates the development of solutions to practical 

problems in learning environments with the identification of reusable design 

principles. 

 
In the context of this work, design-based research is used as neither a paradigm 
nor a methodology, but it is positioned as a research approach aimed at answering 
a particular type of research questions posed in Chapter 1.3. The dual purpose of 

design based-research is to contribute to theory and practice and therefore 

materialises two distinctive but interwoven streams of inquiry. The objective of 

the knowledge stream is to develop generaliseable knowledge that can help create 

desired situations (Romme, 2003), preferably in a way that contributes to theory 

(Collins et al., 2004; Eden & Huxham, 1996). The objective of the practice 

stream is to contribute to the practical concerns of people in problematic 

situations, by solving particular problems in specific circumstances.  

 

Literature reveals a number of types of action research (Kemmis & Taggart, 

2000), but this work adopts a specific interpretation of action research as 

described by Susman and Everett (1978). The following diagram offers a glass-

box view into my research methodology by illustrating its various steps and 

processes.  

 

 
 

Figure 1.1: Research Methodology
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Initially, relevant literature on established work and accepted theories in the fields 

of accessibility, adaptability and learning object design is reviewed, in order to 

develop a conceptual framework of the area of research (Figure 1.1, Step 1). The 

second step (Figure 1.1, Step 2) involves the definition of the research problem 

and the formulation of the hypotheses for this work, as a result of a reflective 

discussion from the practice stream (Figure 1.1, Step 3). Participation in 

conferences both as a delegate and as a presenter has provided the opportunity for 

discussion with other researchers and specialists in the field of accessibility and 

adaptability, prior to the formulation of the research questions for this work. 

Details of conference attendance and papers can be found in Appendix A. 

 

An initial solution for learning object adaptation is developed in Step 4 that 

specifies the design and functional requirements for the solution concept and 

provides a draft solution concept. Once this is achieved and the separate 

components of the adaptation service are developed, the following step involves 

testing this solution concept in the practice stream and applying progressive 

refinement to the design (Collins et al., 2004) using a multiple developing case 

study approach (Van Aken, 2004).  A case study is conducted in order to validate 

the initial solution concept of the adaptation service by testing the adaptation of a 

single learning object for different contexts.  

 

The results of the study identify the design requirements for adaptable learning 

objects and lead to the refinement and redesign of the conceptual model 

adaptation service. The aim of the study is to frame questions for possible 

learning object adaptation in order to provide a classification and aims to develop 

a well-grounded picture of what is occurring or to develop ideas and tentative 

theories (Neuman, 1997). 

 

The action-planning step (Figure 1.1, Step 5) involves applying the knowledge 

gained from the case study and identifying the specific requirements and 

developing a specific design of the adaptation service. In the action-taking phase 

(Figure 1.1, Step 6), the specific solution design is implemented, which in the 

context of this work includes the separate components of the learning object TAS
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adaptation service, the learning object authoring tool and the learner profiling 

mechanism. The evaluating phase (Figure1.1, Step 7) includes conducting an 

instrumental case study that examines the particular components of the proposed 

adaptation service and provides an insight into the area of adaptable learning and 

a refinement to the accessibility metadata specifications. The reflecting phase 

(Figure 1.1, Step 8) involves an in-depth analysis and discussion of the case study 

results followed by the reflection of the knowledge gained in regards to 

prescriptions for procedures and requirements for the successful adaptation of 

learning object in different contexts (Figure 1.1, Step 9). 

 

1.7 Thesis Outline  
The body of work falls roughly into three phases. The first phase comprises an 

investigation of the literature and background work and a conceptual model of the 

adaptation service and its components. The second phase of the research involves 

the development of the individual components of the service, and the case study 

carried out to examine its functionality. The third phase involves the reflection of 

this work and discusses the potential of the integration of the learning object 

adaptation service within an adaptable learning environment. 

The thesis is organised in eight chapters: 

 

Chapter One provides an overview of the thesis and establishes the aims, 

objectives, research question and hypotheses. 

 

Chapter Two provides the rationale for the current study by presenting a 

comprehensive literature review on the area of learning objects and offering a 

critical review of the major standardisation initiatives based on the concept of 

learning object and metadata. It discusses the current state of adoption of learning 

objects, investigates the requirements for reuse, and highlights the pedagogical 

weakness of the existing approaches. 
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Chapter Three explores the potential of adaptability to suit different learner needs 

and preferences and investigates the issues of adaptable and tailored online 

learning. It provides an overview of current adaptation and personalisation 

techniques, discusses the major learning object standardisation initiatives, and 

introduces our approach to an adaptable and personalised landscape, by outlining 

the theoretical concept of the proposed learning object adaptation service. 

 

Chapter Four investigates the concept of the adaptation service in detail, by 

exploring the potential of adaptable learning objects and identifying the practical 

boundaries of transformable content. It discusses our approach to gather the 

principles that need to be applied to the design of learning objects to ensure 

adaptation is articulated along with the potential challenges which will need to be 

addressed in order to maximise the adaptability of learning resources. It presents 

the findings of an exploratory study in the creation of learning objects as a set of 

components that can be adapted to the needs and preferences of the individual 

learner.  

 

Chapter Five provides an overview of the existing methods and strategies in 

regards to content adaptation service design. This is followed by the discussion of 

the underlying model of the proposed TAS service. Based on the findings of the 

case study, the different components of the adaptation service are outlined and

their functionality is addressed. The Chapter aims to demonstrate the potential of 

the adaptation service within the wider theoretical and practical debates 

surrounding learning object adaptability and personalisation. 

 

Chapter Six investigates further the potential of the adaptation service as a whole, 

by discussing the design and implementation of its separate stand-alone 

components: the learner profiling tool and the learning object authoring tool. The 

Chapter aims to explore the functionality of these tools, and discusses technical 

issues in terms of metadata implementation relevant for learning content 

adaptation.
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Chapter Seven discusses a case study carried out to validate the potential of the 

adaptation service. Two different experiments have been carried out to test the 

separate components of the TAS service. A case study is presented to demonstrate

 the functionality of the separate components of the TAS service. This involves 

testing the functionality of the profiling mechanism against the needs and 

preferences of a number of learners and demonstrates the efficacy of the learning 

authoring tool, by creating a number of learning objects with adaptability 

enhancements. The second part of the case study involves testing the functionality 

of the proposed adaptation service by demonstrating how each learning object can 

be adapted to suit the specific needs of each of the learners. 

Chapter Eight revisits the original thesis, examines the extent to which the aims of 

this research have been achieved and concludes the thesis by highlighting its 

contributions and discussing limitations and future research directions. 
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Chapter 2 

Learning Objects: Definition, Current 

Understanding and Future Directions 
 

2.1 Introduction 
The emergence of learning technologies has significantly altered the way in 

which people acquire knowledge, with the learning object model promising to 

embrace interoperability standards by being highly customizable and allowing the 

reuse of resources. Undoubtedly, the learning object has the potential to 

revolutionise the paradigm of learning, due to its potential for reusability, 

generativity, adaptability and scalability (Hodgins, 2002; Urdan & Weggen, 

2000; Gibbons, Nelson, & Richards, 2000). Since its invention, the idea of the 

learning object has emerged, was hyped and subsequently became a buzzword in 

the computer-mediated learning field. Although the notion of the learning object 

has received considerable attention in education communities, it still remains an 

ill-defined concept, despite numerous and extensive discussion in the literature. 

The design of learning objects also remains a vague issue, as there is still no 

clearly defined and widely adopted learning object specification and design 

methodology.  

 

Over the past few years, the concept of reusable learning objects has captured the 

attention of practitioners and researchers in the e-learning field, with considerable 

work being carried out in order to harness the potential benefits of learning 

objects. A number of internationally accepted specifications and standards have 

been developed to ensure interoperability and reusability by different applications 

and in diverse learning environments, and metadata vocabularies to facilitate 

retrievability. While standardised metadata provides a mechanism for describing 

content, aiding discovery of learning objects and ensuring reusability from a 

technical standpoint, conformance to technical standards is not enough on its 

own, to ensure the reusability of learning objects. 
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This research presents an alternative perspective on the concept of reusability that 

has so far received relatively little consideration, by focusing on the design 

principles that need to be employed to make learning objects reusable. 

 

The purpose of this chapter is to introduce the instructional technology concept of 

the learning object and provide the reader with a context for interpreting the 

remaining chapters of this thesis. First, a review of the literature is presented as 

groundwork for a working definition of the term learning object. A brief 

discussion on the various learning object specifications is followed by an attempt 

to outline the ambiguity with which the learning object concept is used in the 

literature, in terms of its aggregation level and granularity. Several factors that 

coalesce into a collective impediment to reusability are presented, starting with 

the vague definition of learning objects and the lack of a uniform size and 

structure, and the debate of the context of a learning object. A selective and 

critical review of the major standardisation initiative based on the concept of 

learning object and metadata aims to highlight the pedagogical weakness of the 

approaches adopted, and concludes that true portability and reuse cannot be 

achieved based solely on a technically inspired approach towards standardisation, 

as they require a pedagogically informed theoretical base to underpin the 

descriptive standardisation process. An attempt to explore the design issues of 

learning object reuse is presented, which delineates the principles that need to be 

applied to the design of learning objects to ensure adaptation and reuse, and 

investigates the use of learning object design patterns to pedagogically enrich the 

formal standardisation process. 
 

2.2 Defining Learning Objects 
Initially inspired by object-oriented programming practice in Computer Science, 

the concept of learning objects appears to have emerged from traditional, 

instructional software design approaches, issuing from professionals attempting to 

articulate more effective learning material. The term ‘Learning Object’, was first 

popularised by Hodgins in 1994, and since then the term has gained currency in 

recent years to the extent that there have been related standardisation efforts that 
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have sought to provide a formal definition (Polsani, 2003). There has been a 

multitude of definitions in the literature over the years, which are summarised 

below:  

 

The IEEE working group on Learning Object Metadata (LOM) defines learning 

objects as: 

 

“Digital or non-digital entities that can be used, reused, or referenced during 

technology supported learning” 

 (IEEE LOM, 2000).  

 

While laudable, this definition is so broad that it is not useful for discussions 

centred on e-learning content. Moving from the general to the specific, Wiley 

offers a narrower definition: 

 

“Any digital resource that can be reused to support learning” 

 (Wiley, 2000). 

 

In an attempt to further narrow down the definition, L’Allier, defines the learning 

object as: 

 

“The smallest independent; structural experience that contains an objective, a 

learning activity and an assessment” 

 (L’Allier, 1997).  

 

Although this is a much more precisely articulated definition, it restricts the 

reusability of the learning object, by stipulating its intended use. 

 

A more concise definition emphasising the intention of the object more than its 

structure, and adding the dimension of organised knowledge involving learning 

purpose and reusable value, defines the learning object as: 
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“A digital file intended to be used for pedagogical purposes, which includes 

either internally or via association, suggestions on the appropriate context 

within which to utilise the object.” 

 

 (Sosteric & Hesemeier, 2002). 

 

 

A similar definition has been provided by Mortimer who argues that: 

 

“A learning object should include metadata, a learning objective and the 

actual content, as well as activities and assessments that support the specified 

objective.” (Mortimer, 2002) 

 

The serious lack of conceptual clarity and reflection is evident in the multitude of 

definitions and uses of learning objects. It is apparent that in line with the 

terminology, the assortment of what can be considered to be a learning object, 

ranges from anything and everything, through anything digital to only objects that 

have an ostensible learning purpose, to those that support learning only in a 

particular or specific context (McGreal, 2004). To date, there is no commonly 

accepted definition of learning objects, as it is proving remarkably difficult to 

reach an agreement on the terms used to describe learning objects. This 

terminological confusion forces any introductory chapter on the topic to pose the 

question, “So what is a learning object?” and present a working definition before 

the discussion can proceed. Therefore, in terms of this work, the thesis will adopt 

Polsani’s definition: 

 

‘A Learning Object is an independent and self-standing unit of learning 

content that is predisposed to reuse in multiple instructional contexts’ 

(Polsani, 2003) 

 

The rationale for adopting this definition is that it is sufficiently succinct; it can be 

applied to the digital context and implies a pedagogical element to the creation of 

learning objects. 
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2.2.1 Metaphors 
From its genesis, the learning object community has used several metaphors to 

explain the concept of learning objects and their use. Learning objects have been 

metaphorically described as LEGO blocks, molecular compounds and crystals

(Hodgins & Conner, 2000; Liber 2005; Meijas & Shoemaker, 2005; Wiley, 1999). 

The LEGO metaphor describes learning objects as small chunks of content that 

can be combined with others in a straightforward manner, because of their 

adherence to standards. The Molecular metaphor characterises learning objects as 

small chunks of content, which, similar to atoms, can only be assembled in certain 

ways prescribed by their structure.  The Brick-and-Mortar metaphor characterizes 

learning objects as small chunks of content which, being a variety of shapes and 

sizes, are difficult to assemble in a meaningful way without some kind of 

contextual glue to hold them together and give the aggregation meaning.  In all of 

the above metaphors, there is a common assumption that learning objects can be 

aggregated, which leads to the discussion of the size of learning objects, where a 

number of more practical concerns surface about the concept of learning objects. 

 

2.2.2 Granularity 
An interesting debate in the learning object community involves the degree of 

granularity, which is regarded to be the most appropriate for instructionally 

effective learning object reuse and recombination (Wiley, 2000). As current 

definitions do not prescribe their size, there is no standard size for a learning 

object (Strijker, 2004), and there is wide recognition that determining the size of 

learning objects is also a problem (Downes, 2004). Classifications of learning 

objects are to a great extent based on the wide spectrum of possible sizes (IEEE 

LOM, Wiley, 2002). There are a number of guidelines proposed in the literature 

that describe the size of learning objects:  

 

 There is a limit in the size of learning objects; whole courses are not 

suitable for learning objects, as they will not be shared by institutions 

(Downes, 2004). 
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 Learning objects should at least contain one link to a learning 

objective, a practice activity and an assessment (Metros, 2005).  

 Learning objects have been estimated as between five and fifteen 

minutes of learning material (Robson, 2001). 

 Learning objects should not contain pedagogy, as this should be added 

by teachers (McCormick, 2003). 

 

A different school of thought relates the size and properties of learning objects to 

possibilities for their use, by suggesting that the smaller a learning object is, the 

larger the variety of contexts in which can be used (Schoonenboom, 2006). This 

view is extended into a trade-off between size and the amount of effort spent on 

cataloguing the learning object. However, there is also the view that the less 

granular an object is, the higher degree of deeper learning it can support (Bennett 

& McGee, 2005). There has also been considerable work in providing concrete 

guidelines as to how to proceed in determining the size of learning objects, by 

using a variety of processes, such as decomposing into the smallest intrinsically 

meaningful part, or applying sign theory (Doorten et al., 2004).  

 

More recent approaches to determining the granularity issue of learning objects, 

include ontological representations of learning objects, to provide explicit 

vocabulary and a conceptualisation of the structure and aggregation level of 

learning content. Ontology can be represented as a structured vocabulary of 

concepts related to each other forming the conceptualisation of a domain (Staab & 

Studer, 2004). Examples of these ontological approaches aim to define discrete 

portions of learning content hierarchy (Verbert & Duval, 2004), however no 

theoretical work has been conducted as a means for defining holistically and 

exposing the nature and logical position of a learning object within the learning 

content hierarchy (Balatsoukas et al., 2008). 

 

The issue of appropriate granularity for learning objects remains a significant one 

for the learning object research community. Fine objects have high reusability but 

low added value. Balancing this trade off requires appropriate levels of 

granularity and taxonomies to inform aggregation and disaggregation models
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(Allen & Mugisa, 2009). It is clear that the above theoretical and sometimes 

ambiguous conceptualisations neglect to explicitly state the level of aggregation 

or granularity of a learning object, subsequently, the lack of concrete 

specifications can impede one of the most vital aspects of learning objects, its 

potential for reusability. 

 

2.3 Reusable Learning Objects  
Learning objects are potentially reusable components from which courses of study 

may be constructed, and according to proponents of the learning objects approach, 

there are numerous benefits that accrue when learning objects created by others 

are reused and re-purposed in new instructional situations (Mohan & Greer, 

2003). Reusable learning objects promise to significantly reduce the time and cost 

required to develop content, making course material more readily available and 

more easily updated. The arguments in favour of reuse of learning resources 

include economic ones (Downes, 2001) and those of quality (Jones, 2004). 

Consequently, over recent years, as it became evident that e-learning was not a 

cheap alternative to face to face teaching, the desire to reuse content grew, and 

there has been a considerable push towards reuse and interoperability, both within 

the educational sector and in terms of broader data exchange. Based on 

Valderama et al., 2005, the key issues in reusable learning objects are:  

 

 Reusable learning objects must be able to communicate with learning 

systems using a standardised method that does not depend on the system 

  Reusable learning objects have a description that enables designers to 

search for and find the right object for the right job. 

 

This can give tremendous benefits to users as it enables the customisation of 

learning with more personalised content, and offers authors the opportunity to 

search, retrieve and potentially reuse existing learning content (Fadzilah et al., 

2006). 
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2.3.1 Learning Object Repositories 
Despite the lack of a widely accepted definition for learning objects, they are still 

seen as a way to bring increased flexibility, adaptation, updating, tracking, 

management and reuse of content. However, to fully benefit from the use of 

learning objects, it is necessary that they are stored in repositories that are able to 

support those objectives based on the essential functioning of storage, searching, 

tracking, maintenance and retrieval (Azevedo et al., 2006). The most important 

issue governing the widespread use of learning objects is their storage, discovery 

and retrieval over the web (Mohan & Greer 2003).  

 

In order to reuse learning objects, they must first be made available somehow to 

potential users. A learning object repository is a centralised collection of learning 

object metadata descriptions, and a search service allowing access to these 

descriptions.  This collection may be accessed by learners and educators, and can 

be embedded within a learning content management system. According to 

Downes (2002) there are two major forms of learning object repositories, one 

containing both the learning objects and learning object metadata and the other 

consisting of only the learning object metadata, with the repository locating 

learning objects that are placed elsewhere. The majority of learning object 

repositories do not include learning objects themselves; instead, they link to 

learning objects through URLs and provide indexing, categorisation, and 

searching services.  

 

Over the recent years it has become apparent that the field of learning repositories 

has the potential to innovate the way in which education is carried out, with a 

number of digital repositories being developed to encourage the reuse of learning 

material such as: 

 

 The Multimedia Educational Resources for Learning and Online 

Teaching Repository (MERLOT, 2000), stores metadata for learning 

material that is located elsewhere. MERLOT is a free and open resource 

catalogue that uses a peer review process to evaluate the quality of the 

learning objects.  
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 The Alliance of Remote Instructional Authoring and Distribution 

Networks for Europe (ARIADNE, 2000) is a distributed repository for 

learning objects that features an indexation and query tool that uses a set 

of metadata elements to describe and enable the search functionally on 

learning objects.  

 

 The JISC Online Repository for learning Material (JORUM) is a 

repository service to collect and share learning and teaching materials to 

UK Further and Higher Education Institutions. Development of the 

JORUM service has been based on comments and feedback from the user 

community and is intended to become a part of the wider landscape of 

repositories being developed institutionally in the UK. JORUM offers 

two collections: JorumUK and JorumOpen. The new collection, 

JorumOpen provides easy access to resources licensed under Creative 

Commons framework that are freely available to all (JISC, 2008).

 

Learning Object repositories are the backbone of the learning object economy and 

are seen as key enablers for bringing increased value to learning resources by 

providing opportunities for reuse and repurposing to suit a variety of purposes and 

user needs. Nevertheless existing repositories are almost always under populated 

and under-used (Neven & Duval, 2002). The limited availability of vast amount 

of learning objects in learning object repositories also obstructs the effective and 

efficient reuse of learning objects (Duval & Hodgins, 2003). A recent study by 

Ochoa and Duval (2008) analysed the size of 25 popular learning object 

repositories and has evidenced their limited usage. According to the study, the 

average size of each LOR is only 4000 objects, and their collective size reaches 

up to 100,000 learning objects. Learning object repositories with demonstrated 

wide usage, still fail in the definition and utilisation of a conceptual model that 

clearly states what a learning object is and which metadata descriptors must be 

related to different conceptualisation (Soto et al., 2005).  
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In order to enable large scale reuse it is also necessary to ensure that finding 

relevant learning objects stored within LORs is an easy and straightforward 

process. The discovery, management and exchange of learning objects is 

dependent on the provision of standardised information on each learning object, 

through metadata, to facilitate the search, evaluation, acquisition and use of 

learning objects. Metadata can be used for information discovery, cataloguing 

resources and resource description and the following section gives a brief

discussion of the most popular learning object metadata specifications. The 

following section discusses the major standardisation efforts to address the 

apparent lack of reusability of learning objects in current e-learning systems. 

 

2.4 Learning Object Standardisation Efforts 
The recent growth in popularity of e-learning specifications has been driven by a 

number of motivators, including the need to share and reuse content more 

seamlessly in different contexts.  Metadata permits fast effective searches to 

retrieve learning objects suitable for a particular purpose (Koppi & Hodgson, 

2001). It is clear that without standardisation, learning objects can be 

prohibitively expensive and time-consuming to repurpose, store and use in 

different contexts (O’ Neill et al., 2005), hence the need for interoperability, reuse 

and repurposing of e-learning resources attracted considerable attention (Duval, 

2001). According to a survey (Heins & Himes, 2002), e-learning standards are of 

value in that they support investments in: 

 

 Interoperability, defined as interchangeability 

 Durability, defined as having lasting value.  

 Manageability, defined by enabling value to be assessed.  

 Reusability, defined as usage in different contextual situations. 

 Accessibility, defined as access to content for individuals with 

disabilities. 

 

The standardisation efforts so far have involved a number of major organisations, 

working in several parallel strands, tackling different facets of the standardisation
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work. The following section provides an overview of e-learning standardisation in 

terms of learning object metadata and packaging. 

  

2.4.1 Metadata Overview 

As available educational resources grow and grow, the need for metadata 

becomes apparent. In order for learning objects to be retrievable over the web, 

descriptions of their many characteristics are needed. Metadata contributes to 

solving this problem by providing a standard and efficient way to conveniently 

characterise resource properties, to simplify resource location, sharing, 

construction or customisation. The simplest definition of metadata is that it is data 

about data – in other words descriptive information (data) about content (data) 

(IEEE, 2002; Duval, et al., 2002). In the learning object context, metadata may 

include the title of the object, a description of its content, the subject it covers, and 

maybe the type and name of the file. The main goal of metadata is to enable the 

discovery and reuse of the objects described. Based on the instructional and other 

properties of the object (e.g., title, target user group, subject domain or 

granularity), users may find relevant learning objects. In addition, the metadata 

provides the users with the information needed to decide whether an object is 

appropriate for use and reuse in a particular task or context.  In the next section 

we provide a discussion of the most relevant proposals on metadata for 

educational resources. 

 

2.4.2 Dublin Core 

The Dublin Core Metadata Initiative (DCMI) is a group that promotes the 

adoption of interoperable metadata standards across a wide range of application 

domains and disciplines. The Dublin Core Metadata Initiative (DCMI) proposes 

an abstract model consisting of a description made up of one or more statement 

about a single resource and optionally the unique Resource Identifier (URI) of the 

resource being described (DCMI, 2004). The specification is made up of only 

fifteen elements used to describe the resource, though each element can be further 

refined through attributes that can be assigned to a given element to contextualise 

it to a specific domain.  
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2.4.3 Learning Object Metadata (LOM) 

The IEEE LTSC Learning Object Metadata (LOM) standard is widely used in the 

educational context and is focused on building metadata standards specifically for 

learning objects. The basic proposal is to take a learning object and provide a 

‘wrapper’ around it, which describes the component structure of the object and 

includes the descriptive metadata. LOM outlines nine categories each of which 

holds a set of data elements and vocabularies to describe a learning object. Data 

elements can contain other data elements that form a hierarchical structure, so that 

they become easier to understand, provide and exploit. To help facilitate 

interoperability efforts with the Dublin Core Metadata Initiative, the LOM 

includes an appendix that outlines how the two data models relate to one another. 

 

2.4.4 Shareable Content Object Reference Model (SCORM) 
The Sharable Content Object Reference Model (SCORM) is a collection of 

specifications and standards for creating sharable, reusable, accessible and 

interoperable web-based learning content.  Metadata and structural information 

about a unit of learning content is usually contained within a ‘manifest’, an XML 

file that describes the learning content in a standard manner. A SCORM manifest 

contains the content’s semantic description (metadata), together with its 

navigation or structural description, and the locations of each of the contained 

assets (resources).  

 

2.4.5 IMS Content Packaging Specification 
Another important standardisation effort to facilitate learning object reuse, 

involves content packaging. The Content Packaging (CP) specification developed 

by the IMS Global Consortium (IMS, 2003), is intended to facilitate the 

interoperability of digital learning resources in different Learning Content 

Management Systems (LCMs) (Greenberg, 2002). 
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While LOM is primarily focused on building metadata standards specifically of 

learning objects, the DCMI educational metadata specification has a wider scope, 

focusing on the development of an application profile ‘relevant to education

 including value spaces and best practices within the context of education and 

training’. 
 

2.4.6 Critical Review 
It is evident that these emerging standards have resulted in a greater awareness of 

the importance of metadata and learning object models, however there has not 

been a broad adoption of any of the specifications for learning content creation 

and distribution. According to one survey (e-learning Guild, 2002) the main 

reason for the poor uptake of learning object models by practitioners was the lack 

of technical knowledge needed to interpret the technical guidelines of these 

specifications. The survey results also highlighted that practitioners are still 

waiting for useful, widely accepted standards definition. The major criticism of 

the DCMI specification is that the metadata set are too coarse grained to provide 

for effective education resource discovery. The LOM specification suffers from 

the opposite problem that hampers adoption of the Dublin Core, namely it 

describes an overly fine grained and complex model. In addition, the sheer size of 

the model makes full implementation very difficult. 

 

It is evident that the learning objects and standardisation efforts discussed above 

have been driven largely by adding packaging and metadata to pre-constructed 

learning artefacts (Boyle, 2003). Although this work is very valuable in terms of 

interoperability, it is necessary to supplement these developments with significant 

changes in the creation of learning objects. This focus on technology has resulted 

in an overemphasis on issues such as interoperability standards and specifications, 

levels of granularity and aggregation of learning objects, resource description, 

discovery and delivery. A number of pedagogical, social, and organisational 

factors have largely been ignored in the design and research of learning objects 

(Margaryan et al., 2006). 
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This work adopts the view that there is a need for a much more sophisticated 

approach to adapted reuse that includes the components of the learning object to 

be accessed and repurposed to suit the learner needs. This innovative and flexible 

model of learning object components requires that learning objects are developed

with potential reuse and especially repurposing in mind. The aim of the next 

section is to explore and delineate the principles underlying authoring for reuse 

and repurposing.  

 

2.5 Design Principles for Reusable Learning Objects 
Considerable work has gone into the definition of technical standards in the field

 of learning technology, and although these go a long way to enabling learning 

object reuse, standards can only ensure reusability from a technical standpoint, in 

terms of interoperability and retrievability. However, criticism of the current 

metadata standards highlights the lack of adequate mapping of content-oriented 

representation to pedagogy-oriented representations (Pawlowski, 2002). Standards 

follow a content-oriented approach and neglect to provide an adequate 

representation of pedagogical concepts (Koper, 2001). 

 

The need for a more systematic approach towards reusability has grown, as 

research has shown that current reuse practice in learning content is still 

disappointingly low (Kramer, 2005). Design principles drawn from software 

engineering have been applied to learning object design to develop and maintain 

objects independently of each other (Kramer, 2005). These principles introduce a 

clear separation between interface and implementation of an object, provide a 

measure about how well the attributes and methods of an object logically cohere 

and characterise the interdependence of one object with others. Previous research 

in the area has also provided methods to support design for reuse (Gamma et al., 

1995) and methods to adapt software components systematically to accommodate 

new needs (Radenski, 2004).  
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2.5.1 Criteria for Reuse 
It is clear from the literature in the area that the main research focus in terms of 

reuse has not been in the design of separate components that can be reused. Boyle 

(2002) has proposed a number of learning object design principles synthesised 

from pedagogy and software engineering, identifying cohesion and coupling as 

the most important factors in the design of a learning object.  

 

Jones (2004) suggests that an object should exhibit three properties to be reusable: 

they should be cohesive, decoupled and context-free. In software engineering 

terms coupling measures how objects are partitioned, while cohesions measures 

how closely activities within an object are related. A cohesive learning object is 

described as single-minded, having a single learning objective. It is clear that a 

cohesive learning object is potentially more reusable, as it is more likely

 identifiable as a component in a course of study, while an object which is tightly 

coupled to, or reliant on other learning objects is less easy to incorporate.

Coupling refers to the level of independence of a learning object. A learning 

object should ideally be an independent and self-standing unit of learning content 

(Polsani, 2003), without any dependencies on other learning objects. Coupling 

may be used in two ways: as a navigational mechanism and as a way of linking to 

external resources that are relevant to the learning situation. Coupling and 

cohesion are interdependent measures, the less cohesive an object, the more likely 

it is coupled with other objects. By maximising cohesion and minimizing 

coupling, it is possible to achieve modularisation (Pressman, 2004).  

 

The notion of context is also crucial to the reuse of learning objects, as reuse 

implies usefulness within different contexts. Reusability of learning objects and 

their inherent context seem to be inversely related (Hodgins, 2002). If a learning 

object is heavily encumbered with its context, then a user may find it impossible 

to utilise in a different context (Koppi et al., 2004), which means that maximum 

reusability depends on how readily the object can be removed from a particular 

context, as some contextual elements are inevitable, such as language, level, pre-

conditions etc. 
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2.5.2 Pedagogical Reusability of Learning Objects 
Learning objects are pedagogically reusable in the sense that a particular learning 

object may be used in various learning processes and at various learning stages 

(Pitkanend & Silander, 2004). Learning objects are more reusable if they are not 

heavily bound to a particular learning theory or pedagogical model (Szyperski, 

1998). Existing literature has highlighted that the requirements for reuse could 

potentially be at odds with the requirements for pedagogical reuse of learning 

contents. Pedagogical reusability criteria are independent of the specific 

pedagogical framework and they may be used for realising the adaptation of 

learning objects. 

 

In order to achieve reuse of learning objects, it is necessary to ensure that these 

design principles will not be at the expense of pedagogical effectiveness. The 

concept of cohesion does not have any implications on the pedagogy of the 

learning objects, as it makes the learning concise, by applying a single learning

 objective to the resource (Jones, 2004). Research has also shown that decoupling 

the learning object by separating the navigational links from the content of the 

learning resource also doesn’t have a negative effect on learning (Rossi et al., 

1997). While the concepts of cohesion and coupling do not have any implications 

on the pedagogy of the learning objects, the importance of context in the learning 

situation has received considerable attention by learning theorists (Wiley et al., 

2003).  

 

The issue of learning object genericity and context in terms of pedagogical reuse 

has been the source of much debate (Tate & Hoshek, 2009). The genericity of a 

learning object is affected by the number of references it contains to the context in 

which it is used (Hiddink, 2001). For the concept of reusable learning objects to 

be effective the objects need to be generic, so they can be used in different 

situations, but by making a learning resource context free, the learner is not given 

the opportunity to relate the subject of that resource to the particular subject area 

(Jones, 2004). There is the view that education is highly contextualised and only 

trivial amounts of content can be reused without considerable time and effort 

being used to decontextualise (Kinshuk & Russell, 2001). 
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A much more constructivist stance to the argument is supported by the belief that 

effective learning is said to be achieved through engagement with ‘authentic’ 

tasks.  

 

In terms of this work, we take the view that teaching should emulate day-to-day 

learning, by situating knowledge in real world activity (Laurillard, 2002). This 

research aims to de-contextualise a learning object so it can be adapted to 

different contexts, and it can be both reusable and pedagogically sound. The 

following table summarises the current views on the criteria for the pedagogical 

reuse of learning objects. 

Table 2.1: Criteria for pedagogical reuse of learning objects 

 
Criteria for Reuse Pedagogical Context Technical Context 

 
Context Independence 

 
Multiple pedagogical  
functions and interfaces 

 
Support for multiple 
platforms 

 
Decoupled 
 

 
Independent of a particular 
pedagogical model 

 
Usability of user interface 

 

Cohesive 

Containing a single learning 

objective 

Provided with pedagogically 

descriptive metadata 

 

2.5.3 Towards the Next Generation of Learning Objects. 
Although there has been extensive literature in the area of reusability, the concept 

still remains narrowly understood, mostly in terms of component-based reuse 

(Stuikys & Damasevicius, 2008). The first generation of reusable learning objects 

whilst engaging, interactive and educationally effective was limited, with the 

basic unit of reuse being the object as a whole (Boyle, 2004). The need to develop 

a more flexible format for developing learning objects which will support both 

increased productivity in development and flexible repurposing has led to a 

number of noticeable endeavours to enhance reusability by introducing novel 

approaches. Examples of these include the concept of glass-box learning objects
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 (Fournier-Viger et al., 2006), aspect oriented learning objects (Ponkratius, 2005), 

adaptive learning objects (Mohan & Brooks, 2003) and generative learning 

objects (Boyle et al., 2004). This work adopts the generative learning objects 

approach, which is based on separating the learning design from the instantiation 

of the learning object content and using templates as a generative technology 

(Boyle, 2004). The idea behind generative learning objects is to increase reusable 

learning object productivity and support flexible repurposing by local tutors 

(Morales et al., 2005). For generative learning objects to be truly adaptive, the 

underlying structure of the material needs to be separated from the specific 

content. The concept of more flexible design is achieved through a process of 

deconstruction, by separating higher-level contents from the deep structure at the 

core. These deep structures form the basis for reuse with tutors providing their 

own instance of material for their particular teaching and learning purposes. 

 

By continuing to emphasise the technical aspects of creating reusable and 

interoperable learning objects, the process involved in creating high-quality, 

effective learning objects based on sound instructional design principles has been 

largely ignored by researchers and practitioners (Mohan & Daniel, 2006). 

 

2.6 Supporting the Design of Learning Objects 
There is a large unmet demand for guidance in design, in particular, where it is 

given in the form of reusable and customisable ideas (Goodyear, 2005). The 

reality is that most commonly in Higher Education, it is the academic who 

produces or assembles their own digital learning resources, with a minimum of 

technical or programming experience. It is unreasonable to expect these 

academics to be skilled in the techniques required for the production of adaptable 

and accessible resources. It has been argued that university teachers need 

guidance to develop high quality learning experiences (Agostinho et al., 2007). As 

McNaught (2003) observes, while general teaching and learning guidance is 

available from the literature and practice based texts, understanding of such 

information may be difficult for those outside of the field of education, while 

Booth & Anderberg (2005) provide evidence that university teachers have 

difficulty with the unfamiliar language of pedagogy.  
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A study in Australia (McNaught et al., 2000) employing online surveys of 

institutional practice across 28 Australian universities highlighted that one of the 

major issues preventing the reuse of computer facilitated learning was the limited 

or no information regarding the educational design of the learning resources being 

produced.  

 

2.6.1 Combining Reuse and Pedagogy  
In order to provide guidance to enable academic staff to produce pedagogically 

sound learning objects, there needs to be investment in the development of new 

tools that will incorporate reusable and customisable learning designs (Pearson & 

Jones, 2006). In recent years, several approaches for pedagogical and didactic

 concepts for learning object design have emerged, but their use within a 

framework of standards is not yet consistently solved. There is certainly a major 

interest in whether it is possible to develop generic learning designs, that can be 

described as a combination of clearly articulated learning designs combined with 

templates into which media elements can be inserted (McNaught et al., 2003). 

 

A variety of models have been developed to assist the design of pedagogical 

learning resources, which are summarised below: 

 

 The Educational Modelling Language (EML) is based on a metamodel 

for pedagogical modelling and focuses on the embedding of learning 

resources in a pedagogical context. EML is a notational system that 

provides a way of describing teaching and learning interactions at a 

level of abstraction above the specific instance of the context in which 

it was created (Koper, 2001). 

 

 The IMS Learning Design Specification (IMS LD, 2004), has adopted 

many of the core features of EML, and is designed to enable flexible 

representation of the elements within learning materials, and the order 

in which activities take place, the roles that people undertake, key 

criteria for progression and the service needed for presentation to 

learners.  
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 The Learning Activity Management System (LAMS) draws on the idea 

of representing designs and the learning tools needed to support learner 

activity, in order to provide an integrated solution. LAMS is a software 

system which aims to encourage the design of sequences of 

collaborative activities that use individual activity tools configured 

using a visual ‘drag and drop’ interface. It also embodies an approach 

that values previous experience and offers an interface that encourages 

adjustments and easy customisation. 

 

 Learning Design Patterns are gaining support as a mechanism to bridge 

the divide between research-based evidence and effective teaching and 

learning (Goodyear, 2005). Design patterns model the concept of ‘good 

practice’ in the form of learning that serves as a model or template 

within which learning objects can be included. 

 

More recent work has started to examine the need to provide authoring systems 

and integrate learning designs with other tools in order to build up a community 

of practice (UNFOLD, 2004). There are a number of tools to support learning 

standards that are still being developed and tested. Reload (www.reload.ac.uk) is 

an open source software product developed to support the process of creating 

interoperable packages of learning object and learning designs, while enabling 

metadata to be attached to them. Coppercore (www.coppercore.org) is another 

tool which provides a viewer for learning designs created using the IMS Learning 

Design Specification. 

 

A current review of the three approaches to support the design of learning content 

has highlighted that the IMS Learning Design and the LAMS are better suited 

when the aim is to provide a rigorous tool for technical users to share structured 

representation of learning content (McAndrew et al., 2006). The use of patterns is 

more appropriate for learning designers with no programming expertise, engaging 

this audience through providing accessible descriptions that also require 

flexibility in implementation. 
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2.6.2 Learning Object Design Patterns 
The most influential definition of a design pattern was coined by Alexander as it 

conveys all central aspects of a pattern (Alexander, 1977):  

 

‘Each pattern describes a problem which occurs over and over 

again in our environment, and then describes the core of the 

solution to that problem, in such a way you can use this solution a 

million times over, without ever doing it the same way twice.’ 

Patterns are abstract solutions to a problem and are widely used in the area of 

software design (Gamma et al., 1995), as they encapsulate the knowledge gained 

from past solutions and can be used to produce new solutions in similar contexts 

(Jones, 2004). These patterns document learning design solutions which have 

effectively solved recurring learning design problems and can be used in creating 

new learning resources. The aim is to support learning object designers by 

providing them with a set of design ideas in a structured way that will clearly 

articulate the design problem and its solution (Goodyear, 2005). This will enable 

the designer to produce effective learning resources in an efficient manner. The 

design pattern is described at a sufficient level of abstraction that it can be 

generalised beyond the learning context for which it is created, but not at such an 

abstract level that the pedagogical value and richness is lost.   

 

The concept of patterns applied to learning seeks to identify what can be provided 

as useful background, guidance and illustration in describing a set of inter-related 

descriptions for ways to assist learning online (Goodyear et al., 2004). Patterns 

are not viewed as something that can be reused directly but rather as something 

that can provide the informed learning designer with ‘rules of thumb’ as they 

build up their own range of tasks, tools or materials that draw on a collected body 

of experience. 
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According to the literature, in the past few years several proposals of e-learning 

patterns have been published (Caeiro et al., 2004). Initiatives of learning patterns 

can have different focuses and can be classified according to three goals in 

design: the design of e-learning software (Asensio et al., 2004; Avgeriou et al 

2003), design of educational practices (Bergin 2002; Eckstein et al., 2002), and 

design of pedagogical learning materials (Derntl & Motchnig; DiGiano et al. 

(2002). Regardless of the focus of the learning patterns, the literature reveals a 

commonality in terms of their structure, where the different proposals follow the 

schema proposed by Alexander (1977). Alexander’s patterns follow the general 

structure of: Classification, Problem; Solution and Additional Information, and 

although there are a number of variants on this structure, the fundamental 

principles remain the same (Avgeriou et al., 2003). In relation to learning object 

design patterns Finlay & Allgar (2003) have proposed a language pattern to assist 

in the selection and design of learning objects and Boyle (2003) proposed a 

simple pattern that encapsulates the requirements of reuse within its definition, by 

separating the text and the links within a learning object. 

 
	  

2.7 Issues and Challenges 
There is a growing body of research which suggests that if learning objects are 

reused and repurposed in new instructional situations, they can increase design 

and production efficiency and considerably lower the time and cost associated 

with their production (Littlejohn, 2003). However, despite the vast amount of 

research and development activities that have taken place, massive reusability and 

shareability of learning objects has not yet been achieved (Mohan & Daniel, 

2006). Research has highlighted that the potential of the learning object economy 

is yet to be realised (Elliott & Sweeney, 2008). The practical difficulties that 

educators encounter with sourcing and reassembling learning objects (Koper, 

2003), technical interoperability, organisational and socio-cultural attitudes 

towards collaboration and sharing resources have been identified as barriers to the 

reuse approach (Littlejohn, 2005). Investigations of the ‘slow adoption’ 

phenomenon have appeared in the literature with many reasons proposed and 

potential remedies tested. In the case of reusable learning objects, the literature
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describes a complex list of issues and the means through which the barriers they 

create are addressed, including:  

 

 Interoperability and cataloguing standards (for example, Wilson, 2001) 

 Quality control for content (for example, Taylor & Richardson, 2001). 

 Inclusion of pedagogical frameworks (for example, Boyle & Cook, 

2001). 

 Targeted professional development for teachers (for example, 

Littlejohn, 2003). 

 

This chapter has also highlighted that additional barriers to learning object reuse 

include technological, design, and pedagogical issues. Research thus far has 

focused on technical barriers, including extensive work on standardisation efforts 

and metadata, but with a limited discussion of pedagogical issues.  

 

The review of the learning objects literature has revealed a disconnected group of 

researchers, united by an interest in reusing educational materials. With so much 

work done on highly specified approaches to cataloguing and using learning 

objects, there is a gap in research in the approaches of designing pedagogically 

sound, reusable and adaptable learning objects to support learning. In practice, 

learning technology is moving in the opposite direction: creating specifications 

and tools which are ‘neutral’ in terms of pedagogy, context and format and 

although this may seem sensible from a technical interoperability and reuse point 

of view, it introduces the danger of removing the ‘learning’ from the learning 

objects. Adaptation to a different context requires the customisation of a learning 

object for a particular learning scenario. The learning objects approach is mostly 

entrenched in technological elements, rather than on instructional theory. This 

research suggests that design patterns can improve the reusability of learning 

objects, which is one of the main factors for their adaptation possibilities 

(Kurilovas, 2009). The aim of this work is to provide a mechanism for providing 

reusable, adaptable and pedagogically rich, learning objects.  

 



                                                                                      Chapter 2: Learning Objects 

S Gkatzidou Teesside University 2010                                                                                            47 
  

2.8 Conclusions 
Learning objects provide the current paradigm for the creation of digital learning 

material, and as such, provide major benefits over the monolithic, large pieces of 

courseware developed in proprietary format (Liber, 2005).There are numerous 

debates on the nature of learning objects and unanswered questions, particularly 

in the area of pedagogical design. This chapter aimed to discuss two pedagogical 

questions regarding learning objects, whether a specific learning design should be 

used in designing the object and second, the issue of reusability. 

 

Although the benefits of reusability are clear, designing learning objects requires 

a huge authoring effort. Nevertheless, academics without previous programming 

experience form a major part of this authoring community, and therefore there is a 

need for easy to use tools to reduce the overhead that authoring in learning object 

format creates. This work takes the view that in order for learning objects to have 

a major impact on the success of e-learning, a holistic approach is needed to 

address technical, educational, social and economic factors. It is imperative to 

support teachers to participate in the creation, maintenance and exploitation of 

learning resources, to facilitate both acceptance and proper use of learning 

objects. 

 

This chapter has demonstrated that despite its debatable definition, the learning 

object paradigm is firmly grounded in the next generation of instructional design, 

development, and delivery due to its potential reusability, adaptability, and 

scalability. The challenge of finding a route to widespread acceptance and reuse 

of learning objects is the focus of much attention in the current education context. 

Literature has revealed that learning objects have, so far, failed to achieve 

expected levels of reuse in educational practice. Nevertheless, this work takes the 

view that accessibility in terms of adaptability can provide a context which makes 

learning object reusability a useful prospect. Although the prospect of a learning 

object economy has not been realised yet, and learning object reusability is still 

currently limited in its adoption, this study recognises that learning object design 

and reusability can be compatible and that accessibility can be considered as a key 

issue for promoting reusability. The next chapter provides an alternative route to 
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widespread acceptance and reuse of learning object design that adopts the 

principles of repurposing for accessibility and combines reusable learning objects 

with adaptation features, in order to allow for the creation of e-learning material 

that can be tailored to individual student needs.  

 

This research presents an alternative perspective on the concept of reusability that 

has so far received relatively little consideration, by suggesting that designing 

with accessibility and adaptability in mind can offer a real context in which reuse 

has a clear and useful purpose. We explore the benefits of adaptability and 

accessibility in e-learning, gather the design requirements for reusable and 

adaptable learning objects and introduce our approach to provide learner-centred, 

personalised and flexible learning. The next chapter explores the role of learning 

object and accessibility metadata specifications and lays out the theoretical 

foundation of adaptable learning object design. 
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Chapter 3 

Towards Adaptable and Accessible Learning 
 
 

3.1 Introduction 
It is clear from the previous chapter that the learning object philosophy is 

beginning to shape the manner in which e-content is being created. Learning 

object systems present yet another technology-based instructional delivery 

environment that can empower learner-driven experiences and enhance learning if 

pedagogical considerations are taken into account in their development. The 

initial focus of the learning object literature (Agostinho et al., 2004; Boyle et al., 

2003) has overwhelmingly been on delineating the concept of reusing learning 

objects to be used in different contexts. 

 

Nevertheless, in the present landscape of learning technology, learning paradigms 

require new forms of educational resources that utilise new technologies, as 

learning is becoming more and more independent of time, distance, computing 

platform, and classroom size. The demands of the current learning environment 

suggest the need to capitalise upon the learning object philosophy in order to meet 

the demands of personalised, flexible and on-demand learning. The introduction 

of mobile learning and the concept of ubiquitous learning have also epitomised 

the constant transformations that are occurring in the field of educational 

technology. The increasing demand for new educational approaches and 

pedagogies, and the growing emphasis on the need to cater for the needs and 

preferences of the individual learner are shifting the focus to the concept of 

personalisation and customisation to student needs (Milosevic et al., 2007). In 

order to respond to the challenge of providing truly learner-centred, accessible, 

personalised and flexible learning this chapter introduces the theoretical 

background of our novel approach to adaptation and personalisation of learning 

objects, which capitalises upon the recent focus of metadata standards for
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adaptability. This has been mainly driven by the realisation that the ideal of 

adaptable and personalised learning (i.e. learning tailored to the specific 

requirements and preference of the individual) requires innovative approaches. 

 

The purpose of this chapter is to explore the potential of adaptability to suit 

different learner needs and preferences and investigate the main adaptability 

issues in e-learning. This chapter outlines the problems associated with inclusive 

e-learning and highlights the benefits of modular, transformable learning content 

to all users, making a compelling case for adopting this approach for the 

development of learning objects. We provide an overview of current adaptation 

and personalisation techniques, investigating their relationship and discussing the 

features and limitations of existing adaptable systems and personalisation 

mechanisms. A selective and critical review of the current accessibility metadata 

initiative highlights the benefits of using metadata to enhance the adaptability and 

accessibility of learning resources. Our approach to exploit these specifications 

and technologies with the aim of creating an adaptable and personalised learning 

landscape is introduced, and our theoretical model of learning object adaptation is 

presented.  

 

3.2 Dimensions of Adaptability 
In recent years, we have witnessed an increasingly heightened awareness of the 

potential benefits of adaptability in e-learning. Adaptable learning content is 

considered as the alternative to the traditional ‘one-size-fits-all’ approach in the 

development of educational material (Brusilovsky, 2001). It is based on the 

concept of building a model of the goals, preferences and knowledge of each 

individual learner, and use this model throughout the interaction with the user, in 

order to adapt to the needs of that learner. Factors that further contribute in this 

direction include learner diversity, the diversity in the access media and 

modalities that can be used to access learning content, the diversity regarding the 

use of such technologies, and the anticipated proliferation of free educational 

content, which will need to be harvested in order to assemble learning objects 

(Paramythis et al., 2004). These considerations suggest that it is necessary to
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 establish a set of dimensions under which to examine the issue of learning 

content adaptability, which are described in the following sections.  

 

3.2.1 Accessibility 
With the development of the Internet has come the ability to easily deliver 

educational materials in electronic form to anyone, anywhere and anytime, 

enabling virtually any student, irrespective of disability, to potentially interact 

with a computer (Nevile 2005). Online learning can be a liberating and accessible 

experience for students with disabilities, providing that the environment is 

designed to meet the needs of the individual (Grimaldi & Goette, 1999; 

Ommerborn & Schuemer, 2001; Pearson & Koppi, 2001). Unless learning 

resources are accessible, they are of little use to students with disabilities who 

comprise a significant portion of the higher education population (Treviranus & 

Brewer, 2003). According to the Highest Education Statistics Agency, 7.2% of 

the students enrolled in 2008-2009 in the UK were known to have a disability 

(HESA, 2009). In 2004, the European Commission considered that disability 

included people with: cognitive, learning and developmental difficulties, 

deafness, hearing impairment, blindness, visual impairment or partial sight, deaf-

blindness, speech and language impairments and physical disabilities, estimating 

the prevalence of disability to be 10-15%. (European Commission Report, 2004). 

In a 2003 study for Microsoft, the overall population in the age range 18 to 64 

years in the US was found to be divided into the following four groups: those with 

severe, mild, minimal and no difficulties, in the following proportions: 25% with 

severe, 37% with mild, and 37% with minimal or no difficulties. The report also 

stated that there is an additional significant part of the population who, without 

being disabled, could benefit directly from measures to improve accessibility and 

usability primarily designed for disabled people.   

 

There has been a growing international interest in supporting the learning of 

disabled students in higher education, stimulated in part by legislation. The 

Disability Discrimination Act in the UK defines a person with a disability if they 

have a physical or mental impairment which has a substantial and long-term 

adverse effect on their ability to carry out normal day-to-day activities (DDA, 
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1995). In the original Disability Discrimination Act, education provision was 

omitted and only later amended by the Special Educational Needs Disability Act 

(SENDA, 2001). SENDA puts a duty on universities and colleges to make 

reasonable adjustments in advance for the needs of disabled students, and to 

provide a learning environment in which disabled students are not disadvantaged. 

 

Accessibility has traditionally been defined as a property of a resource or service. 

It has been determined by reference to sets of criteria, many of which are derived 

from the globally accepted World Wide Web Consortium’s Web Content 

Accessibility Guidelines (W3C, 2004). Recent work on Web 2.0 has focused on a 

holistic approach to web accessibility for e-learning based on accessible learning 

outcomes rather than accessible resources, and treats the student not as someone 

who is disabled but as someone with alternative learning preferences (Kelly et al., 

2008). Different disabilities generate different design requirements, which can be 

accommodated by allowing for flexible display and control in e-learning 

environments. Such accommodation can be through the creation of content, which 

will be independent of the presentation so that it can be presented in many 

different modalities or styles. In addition, the functionality can be independent of 

the control method, so that it can be controlled in many different ways. A key 

challenge in accessibility is the diversity of needs and it is essential to strive for e-

learning to be available to all users, whatever their individual needs and 

preferences.    

 

3.2.2 Mobile Learning 
With the rapid development of wireless networks and mobile technologies, 

mobile learning has become more achievable and more ubiquitous than ever 

before (Boulos et al., 2006). Mobile learning capitalises on the increasing ubiquity 

of wireless network devices such as Personal Digital Assistants (PDA), mobile 

phones, and video mp3 devices.  The pedagogical potential of mobile learning 

technologies include: support of learning activities (Vavoula & Sharples, 2001), 

catering to specific needs and cognitive abilities of diverse learning activities 

(Kukulska-Hulme & Traxler, 2005), providing situated and authentic learning
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experiences (Sariola & Rionka, 2003) and offering a personalised learning 

experience (Plant, 2001).  

 

The proliferation of wireless and mobile technologies has also increased 

flexibility for learners and extended the boundaries of anytime, anywhere learning 

(McGreal, 2005). The use of wireless technologies and pervasive computing has 

the ability to enhance the learners’ experience by offering mobile e-learning 

services, which can be accessed through handheld devices (Salomoni et al., 2007). 

Nevertheless, mobile devices have limited presentation capabilities, and may not 

support the presentation of multimedia learning content (Zhao et al, 2008). The 

growing fusion of devices has presented significant challenges to educators and 

learning technologists, and an impetus for learning to be delivered at the right 

time, at the right place and in the right form (Bomsdorf, 2005). This research 

suggests that in the current environment where mobile infrastructure is reaching 

the point of being pervasive, educators also need to respond to the challenges for 

personal, accessible, and flexible learning (Gkatzidou et al., 2006). 

 

3.2.3 Flexibility 
With the massification of university education, large classes are common entities 

in contemporary universities (Oliver, 2007). At the same time, universities are 

expected to do more with less, so there is a need to use economical and efficient 

processes in the delivery of courses and units. Whilst large classes are very 

common in universities, there are many problems and issues that arise as a 

consequence (Stanley & Porter, 2002), as learning in a large class can be a 

difficult experience for many learners. These may include difficulties such as a 

lack of individual attention, learning activities that lack interactivity and 

engagement, problems with access to learning resources and difficulties with 

learning support and assistance (Chalmers, 2003). In large classes, teachers are 

often constrained by the need to design and deliver a course that seeks to serve the 

need and interests of a diverse range of learners. The delivery of a structured 

program of learning across such a large number of students with individual needs 

can create difficulties for many learners (Carbone, 1998). A number of flexible 

learning environments that adapt learning contexts to the learner’s preferences
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and skills have been adopted, to allow learners to maximise the learning outcomes 

(Bouzeghoub et al., 2003; Karagiannidis et al., 2001). Nevertheless, to respond to 

the need for flexible and tailored learning, we take the view that part of the 

solution lies in the design of learning objects that could be adapted to cater for the 

diversity of learner needs and preferences within a group. 

 

3.2.4 Ubiquitous Learning 
Ubiquitous learning is an emerging research field, allowing students to learn 

independent of place and time. A ubiquitous learning environment is defined as a 

setting in which students can become totally immersed in the learning process 

(Jones & Jo, 2004). Adaptability and personalisation play an important role in 

ubiquitous learning systems, enabling those systems not only to allow learners to 

learn whenever and wherever they want, but also in a personalised and adaptive 

way, considering the situation, characteristics, and needs of learners (Graf & 

Kinshuk, 2008). Research has shown that the integration of adaptive learning with 

ubiquitous learning may offer great innovation in the delivery of education, 

allowing for personalisation and customisation to the learner needs (Jones & Jo, 

2004). The advent of ubiquitous, flexible and mobile learning, combined with the 

need for accessibility, requires on-the-fly transformation of web-based learning 

resources prior to their delivery to a diverse group of learners.  

  

3.3 Adaptation and Personalisation Techniques and Paradigms 
Personalisation and adaptation techniques in e-learning have developed steadily in 

recent years, with extensive research pursuing innovative methods of tailoring the 

learning experience for individual students. The concept of adaptation has been 

widely investigated in the field of hypermedia systems and it has been shown that 

in these areas it can provide better environments of use and performance (Merida 

et al., 2002). The field of adaptable and adaptive systems and networks has 

received great attention from the research community in recent years, with the 

term adaptivity covering a wide spectrum of applications where adaptation can be 

achieved in three main variations (Mourlas & Germanakos, 2009), adaptivity of 

content and services, according to user preferences and system constraints,
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adaptivity of systems and processes, where the emphasis is placed on the 

adaptation of the processes rather than the content, and adaptivity of networks and 

communication, which focuses on the ability of a network’s resources to adapt 

their transmission according to the communication needs and characteristics of 

the user, such as user mobility, bandwidth limitations etc. This research focuses 

on the provision of tailored learning content to the individual, and therefore we 

will only concentrate on the issues of content adaptation. Content adaptation 

effects vary from one system to the other, but could be grouped into three major 

technologies: 

 

 Content selection (Brusilovsky & Nedjl, 2004), 

 Presentation (Eklund & Sinclair, 2000;  deBra et al., 1999), and  

 Navigation support (Eklund, & Sinclair, 2000; de Bra et al., 1999; 

Brusilovsky, 2001; Brusilovsky, & Peylo, 2003) 

 

Adaptive and personalised services adapt content, its navigation and appearance 

according to the user profile and the device characteristics of the user (monitor 

resolution, bandwidth allocation etc). At a higher level, adaptivity of content and 

services is realised either with services requiring the user to explicitly provide 

information about his/her preferences and needs, or with services that 

automatically extract this information by tracking the behaviour of the user. 

 

 

3.3.1 Adaptivity vs. Adaptability  
Adaptation technologies can vary in their degree of control, in terms of how much 

learners are involved in the adaptation. Opperman et al. 1994 differentiate 

between adaptable and adaptive systems with a fluent transgression from the one 

to the other. 

 

Personalisation can be done via adaptability – thus predefined at the moment the 

student ‘enters’ the course, or explicitly makes choices (e.g., via a questionnaire, 

quiz, etc.) – or via adaptivity – which is a dynamic type of adaptation, that 

changes during the interaction process with the student. Adaptability techniques
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will allow immediate modification of the user interface at the start of each usage 

session so that it accords with new user’s characteristics, their requirements and 

preferences (for example user abilities, computer expertise, and natural language).  

Adaptivity on the other hand refers to the changes, which the system will perform 

to try to accommodate the user’s interface requirements dynamically while you 

are using the computer. 

 

Adaptivity and adaptability represent the endpoints of a wide spectrum (Figure 

3.1) of adaptation design in systems, (Miller & Parasuraman, 2003; Opperman et 

al., 2001). 

 
Figure 3.1: Adaptation Spectrum 

 

Opperman (1992) distinguishes between ‘adaptive’ and ‘adaptable’ systems and 

states that in both cases, flexibility exists within the system to adapt to changing 

parameters, but his distinction focuses on who is in charge of that flexibility. 

Opperman defines an adaptable system as one in which the flexible control of 

information or system performance automation resides in the hands of the user 

s/he must explicitly command, generally at run time, the changes which ensue 

(Opperman, 1994). In an adaptive system, by contrast, the flexibility in 

information or automation behaviour is controlled by the system.  This implies a 

kind of ‘meta-automation’ which is present in adaptive systems and controls the 

degree of freedom and flexibility in information and performance automation
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subsystem. On the other hand, this meta-automation behaviour is absent in an 

adaptable system, but is replaced by human activities. 

Adaptable systems allow the user to change certain parameters and adapt the 

systems’ behaviour accordingly. In contrast, adaptive systems adapt to the users 

automatically based on the system’s assumptions about the users’ needs 

(Oppermann, 1994).   

 

 

3.3.2 Adaptive Hypermedia Overview 
Adaptive Hypermedia is a relatively new area of research, aiming to provide 

courses that fit to the individual needs of learners. Adaptive Hypermedia systems 

build a model of the goals, preferences and knowledge of each individual user and 

use this model throughout the interaction with the user, in order to adapt to the 

needs of that user. Brusilovsky has identified four user characteristics to which an 

Adaptive Hypermedia System should respond (Brusilovsky 1996, Brusilovsky, 

2001): user’s knowledge, goals, background and hypertext experience and user 

preferences. In recent years other characteristics have been added to this list such 

as user’s interests, individual traits and user’s environment. 

 

Hypermedia systems are being increasingly employed for educational purposes, 

especially with the advent of distance and distributed learning. Several adaptive 

web-based educational systems exist in literature, for example AHA! (deBra et 

al., 2003; Stash et al., 2006) a system that offers adaptive behaviour regarding the 

selection, ordering and navigation of content, the Intelligent System for 

Personalised Instruction in a Remote Environment (INSPIRE) (Papanikolaou & 

Grigoriadou, 2003), which provides varying degrees of adaptivity, by dynamically 

generating lessons that gradually lead to the accomplishment of the learning goals 

selected by the learner, the adaptive education system (AEC-ES) that uses 

navigational support tools and adaptive presentation techniques to provide users 

with instructional strategies that suit their particular cognitive styles (Triantafillou 

et al. (2002), and a Moodle add-on which introduces the concept of combining the 

advantages of a  Learning Management Systems and adaptivity based on learning 

styles (Graf & Kinshuk, 2007). 
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It is clear from the literature, that various adaptive systems have been designed for 

different usage contexts, exploring different kinds of personalisation. As a result, 

personalisation has evolved into a large research field combining techniques from 

different communities such as user modelling, hypertext, information retrieval, 

intelligent tutoring systems, cognitive science, and web-based education. 

 

3.3.3 Web Personalisation Overview 
The essence of personalisation demands for a system that is capable of offering 

bespoke support for each individual and that recognises and builds upon their 

diverse strengths, interest, abilities and needs, in order to foster engaged and 

independent learning able to reach their full potential. The concept of 

personalisation assumes that it is the system that conforms to the learner, rather 

than the learner to the system. 

 

Web personalisation refers to the whole process of collecting, classifying and 

analysing web data, and determining the actions that should be performed so that 

the information is presented in a personalised manner to the user. Due to the 

multi-dimensional nature of the term, there are a great variety of definitions (Kim, 

2002; Wang, & Lin, 2002) that include parameters and contexts such as user 

intellectuality, mental capabilities, socio-psychological factors, emotional states 

and attention grabbing strategies, as they could affect the appropriate collection of 

users’ customisation requirements (Germanakos et al., 2008). Despite the 

multitude of definitions of personalisation, most of these are actually converging 

to the objective of enabling customisation of multi-media and multi-modal user 

interfaces to particular user needs (de Bra et al., 2004; Brusilovsky, & Nejdl, 

2004; Conlan et al., 2003). The steps of web personalisation include the collection 

of data, the modelling and categorisation of this data, the analysis of the collected 

data and the determination of the actions that should be performed (Cingil et al., 

2000; Blom, 2000; Kim, 2002; Wang & Lin, 2002).  

 

Personalised learning is widely considered as one promising direction towards the 

full exploitation of the potential of the Information Society in education 

(Cronbach & Snow, 1997; Corno & Snow, 1986). Personalised learning advocates
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that it is the learning context that should be adapted to the individual learner, as 

opposed to “traditional” learning settings, where it is the learner’s responsibility 

to adapt to the learning context in order to maximise the “learning outcome” 

(Karagianidis et al,. 2001). Similarly, personalised learning environments have 

attracted considerable attention, since they constitute the “enabling technology” 

which can realise the concept of personalisation (Park, 1996). 

 

There is a variety of commercial web-based solutions offering personalisation 

features that all meet the common abstract goal of providing users with what they 

want or need, either with the user asking for it explicitly or with the system doing 

so implicitly (Mulvenna et al., 2000). On the other hand, there are few solutions in 

the context of education that apply personalisation techniques. AdaptiveWeb2 is a 

web-based adaptation and personalisation system that implements a learner 

profile system that captures a number of intrinsic user behaviour values, such as 

visual, cognitive and emotional processing parameters in order to collect a 

complete and comprehensive learner profile (Germanakos et al., 2007). The 

Adaptive and Personalised e-learning System (ApeLS) provides dynamic learning 

content and an adaptive learning process by self-adapting and self-organising the 

learning components and paths to adapt to the user’s learning interests, abilities 

and behaviour (Liu & Yang, 2005). Nevertheless efforts in the field of 

personalised learning technology, such as  intelligent tutoring systems (Shute & 

Psotka, 1996), adaptive educational hypermedia (Brusilovsky et al., 1998), 

intelligent pedagogical agents (Johnson et al, 2000), are still far from being 

mainstream (Brusilovsky et al., 2000). 

 

3.3.4 Limitations of Current Approaches 
Although the relevant literature reports a plethora of adaptation and 

personalisation systems, we can argue that they present numerous limitations, for 

example, they lack integration, they only support limited functions of web-

enhanced education, the content of courses is not available for reuse (Brusilovsky, 

2003), and the model of the contextual knowledge is relatively simplistic from a 

pedagogical perspective (Brown et al., 2009). 
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A further limitation of the current approaches is that there is no demonstration of 

efficacy and validity in their adaptation methods for a learning environment. As it 

is clear from the overview, previous work in the field of adaptive and adaptable 

educational systems has mainly focused upon the use of learning style preferences 

for user modelling. Initial evaluation studies of these systems suggest that 

matching students to their preferred learning style in an adaptive web-based 

system does in fact benefit them (Bajraktarevic et al., 2003; Barker et al., 2000; 

Carver & Hill, 2000). Nevertheless a number of researchers oppose the view of 

applying learning styles in terms of user modelling, suggesting that teaching to 

accommodate learning styles is fairly ineffective in actually helping students learn 

(Coffield et al., 2004). Despite rigorous quantitative evaluations no statistically 

significant benefits for users have arisen from these approaches employed across 

a variety of different adaptive educational hypermedia systems (Brown, 2007). 

 

3.4 Towards Adaptability for Accessible Learning 
Although most of the efforts in the area of content adaptation and personalisation 

in technology enhanced learning focus on adaptivity, rather than adaptability, our 

work follows a different approach. Current research shows that the main 

motivational categories for learning content personalisation are primarily to 

facilitate learning and those that are primarily to accommodate individual learning 

requirements (Wang, & Lin, 2002), and this has been the rationale for most of the 

adaptive systems that have been developed. Our approach focuses on providing 

tailored learning content to suit the diverse access needs of students with the 

motivational purpose of enabling access to learning. Learners with disabilities are 

not a homogeneous group, and modelling such learners is a complex task that is 

associated with the learner’s functional abilities and the assistive technology or 

other non-standard technology in use as well as other user preferences (a 

functional approach), rather than with the name and other details of the disability 

(a medical approach).  Furthermore learning disabilities are so varied that a 

classification does not capture the range of options that can be offered in a 

functional description. Therefore, in order to model such complex and diverse 

needs, it is necessary to include the learner at the personalisation level, and hence 

our work follows an ‘adaptability’ rather than an ‘adaptivity’ perspective.  
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Our work shifts the focus from adaptivity to adaptability with accessibility in 

mind, where we aim to integrate the concept of personalisation into an approach 

that follows the ideals of universal access and digital inclusion. In the context of 

this work, the term accessibility extends beyond disability, to benefit users in 

learning situations which require alternative modes of use, such as in an 

extremely noisy environment, where captions might be needed for a video. This 

work conforms to the basic tenets of the ‘social’ model of disability, which 

defines disability as a ‘socially imposed restriction’ (Oliver, 1987). According to 

this model, blindness is an impairment, but the lack of access to written 

information is a disability, and similarly not being able to walk is an impairment, 

but the lack of mobility is a disability, a situation that is socially created and could 

be solved by the provision of assistive technology. In this social model, disability 

is viewed as a problem located within the society, rather than within individuals, 

and the way to reduce disability is to adjust the social and physical environment to 

ensure that the needs of people with impairments are met. 

 

Our adaptation approach relies on profiling the user in terms of their access needs 

and preferences, viewing disability as a mismatch between the learner and the 

learning environment, rather than as an innate and immutable property of an 

individual. The notion that learners with disabilities are a homogenous group that 

is well served by a single bland version of a resource is flawed (Nevile & 

Treviranus, 2006). The research suggests that the complexity of multimedia 

learning resources and the diverse needs of disabled students requires a different 

approach, one which supports the adaptation of the resource at the point of 

delivery, whilst, at the same time, maintaining its pedagogic integrity. We 

propose an approach that assembles distributed content into accessible resources 

so is not dependent upon the universal accessibility of the original resource. The 

delivery of the appropriate component will form an accessible relationship 

between the user and the learning object. 

 

Despite the proliferation of adaptation approaches in their representation and 

utilisation within different systems reported in literature (Brusilovsky, 2003), we 

argue that this is one of the major stumbling blocks that stand between adaptation 

and the e-learning mainstream today. The awareness of this problem has led our
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research efforts towards the standardisation of the adaptation modelling based on 

existing standards. 

 

3.5 Adaptation and e-Learning Standards 
In recent years we have witnessed an increasingly heightened awareness of the 

potential benefits of adaptability in e-learning. This has been mainly driven by the 

realisation that the ideal of individualised learning that is tailored to the specific 

requirements and preferences of the individual cannot be achieved using 

traditional approaches (Paramythis & Loidl-Reisinger, 2008). An important 

observation we can make after reviewing the related literature in the field of 

adaptive and adaptable learning systems is that there is a dichotomy between 

typically commercial standards-based learning systems and adaptive learning 

environments. It can be argued the current adaptive systems lack standards 

compliance, mainly due to the lack of sufficient support for adaptive and 

adaptable behaviour in existing e-learning standards.  

 

Our motivation for seeking standardisation in adaptable learning systems is also 

directly linked to the low level of reuse possible in the field today (Conlan et al., 

2002). One of the prerequisites of our approach is to enable the development of 

adaptable learning material that could be transferred, used and reused in new 

environments. Another reason for applying metadata standards to our approach is 

to facilitate content discovery and aggregation. This introduces an entirely new 

dimension of content characterisation through metadata that could be utilised at 

the adaptation process. 

 

There is evidence of the current retargeting of existing standards for use in the 

context of learning content adaptation, with the major result consisting in the IMS 

AccessForAll metadata definition. In this context, the IMS Global Learning 

Consortium has developed several guidelines and specifications to address 

accessibility issues in e-learning. 
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3.5.1 IMS AccessForAll  
The IMS AccessForAll project proposes an adaptability model for digital 

resources that attempts to match resources and services to users’ needs and 

preferences (IMSAccessForAll, 2004). This approach aims to deliver resources 

where a resource can have distributed adaptations that replace or augment it in 

order to meet the immediate context. This proposal moves away from the view 

that web resources can be sensibly designed to meet the needs of everyone 

through strict adherence to standards and universal principles (Green et al., 2006). 

Accessibility is the ability of the learning environment to adjust to the needs of 

individual learners and is determined by the flexibility of the environment (with 

respect to presentation, control methods and access modality) and the availability 

of adequate alternative-but-equivalent content (Heath et al., 2005). The 

AccessForAll specification defines an accessible relationship between the user 

and the resource as a relationship that enables the user to make sensory and 

cognitive contact with the content of the resource; this relationship is accessible 

only when the characteristics of the resource as delivered match the user’s needs 

and preferences. 

 

There are two IMS AccessForAll specifications the Accessibility for Learner 

Information Package specification (AccLIP) and the AccessForAll Meta-data 

specification (AccMD), which provide the two sides of the match needed to 

address the needs and preferences of learners. 

 

AccLIP 

AccLIP is a metadata specification which expresses the learner’s accessibility 

needs and preferences. The preferences AccLIP supports are based on those parts 

of a computer system (hardware and software) that can be adjusted to improve 

accessibility, rather than on type of disability. It concentrates on the display, 

control and selection of learning content, so that learners with alternative content 

or interface requirements can be supported. 
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AccMD 

AccMD is a corresponding specification that fully describes accessible learning 

content and its ability to match a learner’s preferences. It can be used to describe

the accessibility of a learning resource by specifying what kind of content is being 

presented and whether there is an equivalent or alternative form of the content.  

 

The two AccessForAll specifications, AccMD and AccLIP address several 

challenges such as the initial discovery of material having appropriate 

accessibility support, the adjustment of control and display of resources to meet 

user accessibility needs and preferences and the discovery of appropriate 

alternative or augmentative representations of desired learning outcomes. The 

AccessForAll Meta-data specification intends to identify resources that match 

user’s stated preferences or needs (expressed as an AccLIP profile). Finally, 

AccessForAll Metadata provides support for functional interoperability by 

allowing the substitution or augmentation of any resource with an equivalent one 

whenever it is required for accessibility purposes.  

 

3.5.2 Accessibility Profiles 
As well as knowing what resources they are dealing with and their properties, 

resource creators may also be interested in characterising users so they can match 

available resources to them. This is often referred to as user profiling. User profile 

information can be used for accessibility purposes but in many instances context 

or preference may be equally important. For example a car driver needing access 

to Web or PDA information may be in a similar position to a blind user in that 

neither can handle primarily visual material but could probably usefully access 

audible descriptions or instructions. Consequently it may be possible to identify 

this profile as a non-visual or auditory profile. Equally other contexts may require 

large text (e.g. visual presentations to large audiences or to someone with a visual 

impairment). A non-auditory profile might mean that audio material needs a 

transcription and video – captions or subtitles. In broad terms there is a need to be 

able to define a user’s contextual profile as a set of requirements for services and 

resources. Typically the profile will define the user’s human-computer interaction 

(HCI) requirements in terms of visual, auditory and tactile components.  
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3.5.3 Profiles of Needs and Preferences (PNP’s) 
The IMS AccessForAll project also proposes an anonymous profile of needs and 

preferences (PNP). The profile is anonymous in that there is no need to know who 

the user is or why they require the specified support. Choices and options in this 

profile are considered just as important as absolute needs; for example a user 

might express a preference for Braille output, but with an indicator that auditory 

substitution is also acceptable but visual elements unacceptable. Another profile 

might express the need for large text or a screen reader. This information is 

encoded using a predetermined structure and vocabulary. 

 

The needs and preferences of a user may arise from the context or environment 

the user is in, the tools available (e.g., mobile devices, assistive technologies such 

as Braille devices, voice recognition systems, or alternative keyboards, etc.), their 

background, or a disability (physical, cognitive or sensory). This profile will 

typically define the user’s requirements in terms of visual, auditory and tactile 

components.  

 

There are three groups of accessibility choices for learners defined in the 

AccessForAll specification: 

 

1.) Display or output (visual but could be an auditory screen reader or 

tactile Braille display) 

2.) Control or input (keyboard and mouse but could be switches, touch-

screen, joystick tactile devices or an auditory voice recognition system) 

3.) Content (visual, auditory media or textual components which can be 

read or transformed into auditory components by a screen reader) 
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Table 3.1: IMS AccessForAll PNP Vocabulary 
 

screenReader 

screenEnhance 

textReadingHighlight 

braille 

tactile 

visualAlert 

Display 

 
 
 
 

structuralPresentation 

keyboardEnhance 

onscreenKeyboard 

alternativeKeyboards 

mouseEmulation 

alternativePointing 

voiceRecognition 

structuralNavigation 

Control 

codeinput 

alternativesToVisual 

alternativesToText 

visualText 

alternativesToAuditory 

learnerScaffold 

personalStyleSheet 

Content 

extraTime 

 

 

3.6 Accessibility Metadata for the Adaptation of Learning Objects  
A large number of multimedia components is widely utilised to improve efficacy 

of Web-based instruction, ranging from animations to pre-recorded video-lectures 

(Salomoni et al., 2007). These rich media are used to improve the quality and the 

effectiveness of learning content in several situations, e.g. by describing a 

complex concept or by showing a process flow. For example, a learning object
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may contain a mixture of types including text, images, video and audio, and each 

of these content types may be in a variety of formats. Multimedia learning objects 

delivered in distributed formats differ from standard Web pages in that they may 

consist of rich content each of which may need to be adapted in different ways, in 

order to make them accessible (Gkatzidou & Pearson, 2008). The concept of the 

proposed learning object adaptation service takes into consideration the use of 

rich media content that are nowadays widely employed to enhance the quality and 

the effectiveness of learning design patterns within a wide range of different 

situations. In order to make this rich online content match individual needs and 

preferences, we suggest an approach that requires a basic resource to be created 

from existing or newly authored components, and the appropriate adaptations. 

 

According to the IMSAccessForAll metadata specifications, accessible systems 

should be able to adjust the user interface of the learning environment, locate 

needed resources and alter resource properties to match the needs and preferences 

of the user (IMSAccessForAll, 2004). While these metadata represent a truly 

enabling option, our approach is converging to the concept of learning objects, 

which must specify their contents using both descriptive metadata and more 

semantic information to precisely describe the composition of learning objects 

and achieve an adaptable delivery process.  
 

For learning objects to be adaptable, they need to be defined as a hierarchy of 

learning components and media elements, ideally based on predefined learning 

patterns. A learning pattern is an architectural design concept also applied in 

object-oriented programming (Chapter 2.6.2). In this context, it is a mechanism 

for identifying effective learning structures that can be reused across a variety of 

learning experiences. Courses, modules or lessons are broken down into their 

component learning objects, which in turn are divided into media elements (a 

piece of text, a question, an image, a video etc.) as illustrated in Figure 3.2. 
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Figure 3.2: Learning Object Adaptation Service Overview 

 

It is largely at the level of the media elements that the proposed learning object 

adaptation service operates, but it can also use its knowledge of learning patterns 

to recreate a ‘virtual learning object’ based on available resources or alternate 

patterns. This can be useful, for example, in replacing introductory theory with a 

practical illustration or exercise for those whose learning styles find this approach 

to learning more appropriate. 

 

3.7 Conclusions 
This chapter has outlined the problems associated with inclusive e-learning and 

the role that user profiles and adaptation services can have to support 

personalisation. In order to respond to the challenge of adaptability and flexibility, 

we have proposed a theoretical model of our adaptation process that combines the 

use of the accessibility metadata standards in the design of adaptable learning 

objects.  

The next chapter extends our learning object adaptation approach by proposing an 

adaptation service using a variant of IMS AccessForAll. The service works on 

available metadata and user profiles to generate alternative, equivalent learning
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experiences relating to a user’s declared needs and preferences. The aim is to 

investigate the concept of the adaptation service in more detail, highlighting its 

different components, discussing its architecture and functionality, and exploring 

practical boundaries of transformable content and the tools needed to support the 

creation of adaptable learning objects.  
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Chapter 4 

A Case Study in Learning Object Adaptation 

 

4.1 Introduction 
Recent work on Web 2.0 has advocated a more holistic approach to accessibility 

for e-learning based on accessible learning outcomes rather than accessible 

resources, and treats the student not as someone who is disabled but as someone 

with alternative learning preferences (Kelly et al., 2008). An approach which 

complements the holistic model of accessibility is the development of a metadata 

framework (Chapter 3.6), which can label aspects of a resource related to its 

accessibility, allowing for the selection of variants of a resource which are best 

suited for the individual user at the time and in a given context. The previous 

chapters have examined emerging strategies, specifications and learning designs 

that could be leveraged to create learning environments and content that adapt to 

the needs of the learner. Our approach to adaptability of learning augments the 

concept of universal accessibility of resources, to enable systems to focus on 

individual learners and their particular accessibility needs and preferences. In 

order to respond to the challenge of providing truly learner-centred, accessible, 

personalised and flexible learning, this research explores the concept of a 

transformation, augmentation and substitution service (TAS), which is geared to a 

limited subset of e-learning applications and contexts and can be viewed as a 

special instance of the IMS AccessForAll service.  

 

The purpose of this chapter is to discuss our approach to gather the principles that 

need to be applied to the design of learning objects to ensure adaptation is 

articulated along with the potential challenges which will need to be addressed in 

order to maximise the adaptability of learning resources. We present the findings 

of a specific case study that identifies the requirements for learning object 

adaptation and explores the tools needed to support the creation of adaptable 

learning objects.  
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4.2 A Novel Proposal for a Learning Object Adaptation Service 
This research takes the view that disability can be defined as a mismatch between 

the needs of the learner and the learning environment or education delivery. The 

notion that learners with disabilities are a homogenous group that is well served 

by a single bland version of a resource is flawed (Nevile & Treviranus, 2006). 

Disability, then, becomes a mismatch between resources and learner capabilities 

rather than as an innate property of the individual. Meeting the diverse needs of 

disabled students requires an approach which supports the adaptation of the 

resource at the point of delivery (Gkatzidou & Pearson, 2007).  The ability to 

transform the presentation, change the method of control, to disaggregate and re-

aggregate resources and to supplement resources, is capitalised upon, to match 

resource presentation, organisation, control and content to the needs of each 

individual learner. This process involves a description of a user’s control, display 

and content needs and preferences being matched with a description of the 

components of the learning object (Green et al., 2006), and the delivery of the 

appropriate component will form an accessible relationship between the user and 

the learning object. 

 

Taking accessibility in its widest sense and accepting user preferences, this 

research focuses on extending the possibilities of learning object adaptation by 

proposing an adaptation service which by using a variant of IMS AccessForAll 

works on available metadata and user profiles to generate alternative, equivalent 

learning experiences relating to a user’s declared needs and preferences. An 

overview of our approach to learning object adaptation, which illustrates the 

concept of applying metadata to fulfil the request for personalisation, is shown in 

Figure 4.1 below: 

 



                       Chapter 4: Case Study in Learning Object Adaptation  

S Gkatzidou Teesside University 72 

 
Figure 4.1: Applying Metadata to Learning Object Adaptation 

 

Learners can express their profile by specifying their requirements for the format 

in which information is presented and the way in which they provide input to the 

system using the IMSAccLIP metadata specification, regarding their needs and 

preferences so that the learning content can be appropriately adapted.  For 

example, a learner might specify that she requires the use of a screen reader with 

speech, or requires use of a screen reader with a Braille display, or prefers one but 

can optionally use the other. In terms of learning object design, the learning 

designer can describe the content properties and characteristics of a resource, in 

terms of its suitability to specific user needs using the IMSAccMD metadata 

specification. In the example illustrated above, a learner can express a need for 

audio elements to be substituted with text descriptions and video files to be 

augmented with the use of captions. By matching these two sets of metadata, we 

can allow users to specify how content should be displayed and controlled, what 
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alternative but equivalent resources are needed and what supplementary user 

supports are needed and for systems to locate and provide resources which 

support the needs and preferences of users. Our approach aims to support the 

matching of the user needs and the learning object’s components.  

 

To make rich online content match individual needs and preferences, our 

approach requires a basic resource to be created from existing or newly authored 

components, and the appropriate adaptations need to be identified. Our learning 

object adaptation model identifies three basic forms of adaptation, for which we 

use the terms: transformation, augmentation and substitution. All three forms refer 

to adaptations based on alternatives to a primary media format. Where a learning 

object does not meet declared needs of the user, then the service supports the 

transformation of learning resources (e.g. using a screen reader) to substitute an 

equivalent resource (e.g. a text transcript) or augment with additional material 

(e.g. captions) (Green et al., 2006). 

 

4.2.1 Transformation  
A transformation occurs where an existing media component can be replaced by 

an alternative component using an automated process or tool. Transformation may 

occur where text is rendered visually, as characters, or a sign language, or aurally, 

perhaps by a screen reader, or transformed into a tactile form as Braille or simply 

changed in colour, size and other display features.  For example, a learner who 

uses a screen reader could normally expect to have to an audio alternative to text 

based on the screen reader. Consequently, text items can be translated into speech 

and rendered accessible to those needing alternatives to text. Similarly text could 

be translated into a tactile (or haptic) mode using a Braille reader or words, 

instructions or simple phrases translated into symbols, sign-supported English, 

symbol sets or an alternate language. Speech might be transformed into automated 

transcript using speech recognition software and visual elements may be 

magnified using magnification software. Alternative colours, fonts and font sizes 

might be applied using personalised style sheets.  
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4.2.2 Augmentation 
An augmentation will occur when a supplementary resource is added to an 

existing primary resource to support the user. For example, a deaf learner may 

find that in order to comprehend the dialogue, a video needs captions. Audio 

descriptions of foreign language subtitles might be used in a similar way or a 

transcript might be used to supplement a visual image, diagram or audiovisual 

sequence. In principle, any additional resource might act as an augmentation and 

it may relate to needs or preferences, but it supports the primary resource rather 

than totally replaces it, even if it effectively becomes the primary resource for a 

given user. An augmentation may not need to reproduce all elements of the 

primary resource, only those elements which would otherwise limit the user’s 

access in certain contexts. 

 

4.2.3 Substitution 
Substitution occurs when the primary resource is totally replaced by the 

alternative resource. For example, a video sequence might have a transcript or an 

audio description for a visually impaired user. Not only does the new resource 

fully describe the visual sequence, but it can also be used as an alternative 

resource. For example, a substitution occurs when a user requires a vision-free 

access to the resource, for instance if the user was accessing the learning object on 

a PDA on a field trip and to be accessible it is necessary to replace the visual 

element of the learning objects with components that match the user’s preferences 

of vision-free access. This typically occurs where the user has a need for an 

alternative to visual, audio or other media but it may occur for reasons of 

disability, context, or even preference. In principle, substitutions are only different 

to augmentations in that the primary resource can be removed. However in 

practice, it means that the substituted resource may have to do much more than an 

augmentation. Technical substitutions could be applied to a previous adaptation 

(typically another augmentation or substitution). This might occur, for example 

when an alternative (or simplified) language is needed, or where captions are 

added to the video and stored as a single audio visual stream.  
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After having classified the possible learning object adaptations, the next step 

necessary to formulate the requirements specification for the TAS service is to 

examine a specific use case, to explore the creation of learning objects as a set of 

components that can be adapted to the needs and preferences of the individual 

learner. The aim of the case study is to identify and model the adaptation service 

in terms of the requirements for delivery of a learning object in different mediums 

– starting with a learning object originally designed for delivery and adapted first 

for delivery on a PDA, and then for delivery with accessibility enhancements on a 

video mp3 player as a vodcast. 

 

4.3 Learning Object Adaptation Case study  
This case study was funded through the Higher Education Assistive Technology 

(HEAT) scheme administered by TechDis, the JISC educational advisory service 

on accessibility and inclusion. The study involved collaboration with the Learning 

Technology Research Institute (LTRI) at London Metropolitan University, which 

has carried out considerable work in the field of learning objects, placing a 

pedagogical emphasis on the design and development of multimedia learning 

material. The LTRI has developed a number of award winning learning objects 

and their successful use is well documented as part of innovative blended learning 

approaches to the teaching of programming to first year computing students 

(Boyle, 2003).  

 

4.3.1 Methodology 
For the purpose of this study, an action research approach was adopted, which 

follows the typical Action Research spiral (Mash & Meulenberg-Buskens, 2001) 

of problem definition and analysis (plan), development (act), trial and evaluation 

of results (observe) and consideration of the implications of the results to the 

wider study (reflect) (O’Brien, 2001). The preliminary stages of the study 

involved the analysis of an existing learning object, focusing on the navigation, 

interactivity, design and content issues to establish the limitations to accessibility 

and adaptability for different devices. The analysis of structural and pedagogical 

aspects of the learning object identified the underlying learning design pattern that 
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has been followed throughout the design of the learning object. Once this had 

been completed, the adaptations for delivery on a mobile device as a vodcast were 

defined and the learning object was re-developed taking into account the technical 

considerations of the portable media players. The prototype vodcast was then 

converted to an appropriate format, loaded onto the portable devices, and 

evaluated by students. 

 

The sample learning object used for this project was developed by the Learning 

Technology Research Institute (LTRI) and designed to help first year 

undergraduate students at London Metropolitan University. The aim of the series 

of learning objects was to explain a particular programming concept in the Java 

programming language through the use of examples. A number of multimedia 

techniques were employed to engage the students in the subject matter and to help 

them understand abstract programming concepts, such as animations and 

interactive simulations to provide visual examples of Java concepts and program 

code (Bradley & Boyle, 2004). Their successful use is well documented as part of 

an innovative blended learning approach to the teaching of programming to first-

year computing students (Boyle et al., 2003).  

 

Figure 4.2: The ‘While Loop’ Learning Object (web-based Version) 
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The ‘While loop’ learning object was chosen to be used in this case study; it is a 

short, self contained resource authored in Macromedia Flash which contains a 

single learning objective and explains an abstract programming concept that 

students find difficult to comprehend. The learning object has been designed 

using a pedagogical learning pattern, to ensure its reusability (Jones, 2004). The 

While loop learning object follows the EASA learning pattern (2004) and consists 

of an introductory page, three pages with examples and an interactive quiz at the 

end.  

 

The learning object had already been adapted to be usable on a Personal Digital 

Assistant (PDA), whilst retaining the multimedia richness and pedagogy of the 

original, but offering a more flexible, mobile alternative (Bradley et al., 2005).  

Nevertheless, a number of adaptations were still required for the PDA version 

(Figure 4.3) of the ‘While Loop’ learning object to be accessed on the portable 

mp3 devices as vodcast (Figure 4.4), that are summarised in Table 4.1. 

 

Figure 4.3: The ‘While Loop’ Learning object (PDA Version) 
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Figure 4.4: The ‘While Loop’ Learning Object (Vodcast Version) 

 

 
The full set of screenshots of the vodcast version of the While Loop learning 

object can be found in Appendix B. 
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Table 4.1: Learning Vodcast Adaptations 
 

Type of 
adaptation 

Description Discussion 

Adapted screen  
layout 

The screen layout remained similar; the only  
content changes made were to the navigation  
buttons, which were removed. The vodcast  
canvas size was changed to match the screen  
size of the portable media players (as the  
screen size of the PDA is larger than that 
of the portable media players). 

Removal of  
navigation  
buttons 

Navigation of the PDA version of the learning  
object was facilitated through buttons activated  
by the device’s touch screen. A navigation  
mechanism could not be provided through the 
learning object itself, but the user could still use the 
general controls built into the device, such as  
play, pause and stop. 

Design  
adaptations 

Reposition of  
progress 
indicator 

The page title and progress indicator were  
moved from the bottom to the top of the screen  
to accommodate captioning at the bottom for  
the captioned version 

Removal of 
interactive 
elements 

The PDA version contained an interactive quiz,  
in the form of a drag and drop activity which  
required the user to construct an example While  
loop by selecting lines of code in the correct  
order. 

Pedagogical 
adaptations 

Removal of    
interactive quiz 

None of the portable media players used in the  
study featured a touch screen and as a result, the  
interactive elements would be unusable on the  
portable media players 

Technical  
adaptations 

File format 
conversion (avi. 
to mpeg4) 

The case study involved adapting the original  
learning object to be delivered to both video 
iPod and the Creative Zen media players, and  
the only file format which is supported by both  
is MPEG4. 

Accessibility 
enhancements 

Closed captioning The current generation of portable media  
players cannot read a separate text-based  
caption file in the way that media players  
can with web-based video.  
The captions were created with Apple’s 
QuickTime Pro media players and  
were added to the vodcast with Media Access 
Generator (MAGpie).This text was then added 
to the vodcast as a separate text track, and was 
exported as an .m4v file, to combine the 
caption with the video file. 
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4.4 Evaluation  
The web-based version of the learning object which was used for this learning 

object adaptation case study has already been used as part of an innovative 

blended learning approach to the teaching of programming and has been 

thoroughly evaluated by over 600 first year computing students (Bradley & 

Boyle, 2004). The main findings of that study indicate a very positive reaction to 

the learning object and an improvement of the pass rates. As a result this work has 

culminated in the achievement of a European Academic Software Award (EASA) 

in 2004.  

 

The PDA version of the learning object has also been thoroughly evaluated by a 

number of students, receiving positive comments for the ‘interactivity’ and 

‘multimedia elements’ of the resource, as well as for the added dimension of 

‘flexibility’ the PDA device has offered in their learning (Bradley et al., 2005). 

The results of these evaluations demonstrated the pedagogical effectiveness of the 

learning object and therefore we could confidently use it to focus on testing the 

effectiveness of the adaptations, particularly in terms of accessibility for the mp3 

players.  

 

The learning vodcast has also been evaluated in depth with representative users in 

order to provide feedback on their experience of using the vodcast and how this 

experience could be improved, as well as the potential of video mp3 players as a 

learning tool. A total of 13 participants took part in the evaluation including 

students, who were deaf, speakers of English as a second language and the 

detailed demographic data is reported in the Table 4.2 below. 
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Table 4.2:  Case Study Demographics 
 

Demographics 
data (n=13) 

 Sample Percentage 

Male   10  77%  Gender  

Female 3 23% 

20-34 11 85% Age 

Over 35 2 15% 

Yes 7 54% Previous experience 

using a portable video  No 6 46% 

English 9 69% Language 

Overseas 4 31% 

Yes 7 54% Previous experience in 

Java programming  No 6 46% 

Deaf/Hard of 

hearing 

3 23% 

Mobility 

Impairments 

1 8% 

Accessibility 

Requirements 

None 9 69% 

 

The evaluation instruments used were structured interviews and questionnaires. 

The participants attended individually and after being introduced briefly to the 

case study, were given the mp3 players with the vodcast installed and a set of 

headphones and invited to take as much time as they needed to work through the 

learning object (which is about four minutes long). Afterwards, each student was 

interviewed using a standardised set of questions; while the deaf participants 

completed a questionnaire. The students were questioned on their views of the 

accessibility and usability of the vodcast, the pedagogical aspects, the 

appropriateness of the material for the device and their overall impression of the 

experience. The questions were framed in such a way as to support free text 
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responses. Interviews were informal and students’ responses were recorded over a 

period of one hour. The data collected from the interviews and the questionnaires 

was analysed and revealed a number of recurrent themes that are common to the 

three different user groups and their respective learning scenarios on their views 

of using the vodcast. 

 

4.5 Evaluation Results 
The results of the evaluation revealed a positive reaction to the learning object 

delivered as a vodcast, as 85% of the participants stated that they would use the 

vodcast for revision, but also as part of their weekly learning material and part of 

their independent learning and reinforcement of lectures. Significantly, the 

responses from the deaf students encouraged the concept of adapting learning 

objects to suit different needs and preferences, by their comments that the 

provision of captions has allowed them to be able to use a video mp3 device as 

part of their learning. Responses also highlighted the potential of the learning 

vodcast as a revision tool for deaf students, especially when the signer is not 

available.   

 

4.5.1 Student Opinions of the Learning Vodcast 
In terms of the content of the learning vodcast, 70% of participants commented on 

the high quality of the multimedia components. The combination of these 

components received more varied responses. Some users enjoyed the combination 

of multimedia content:  

 

“I liked being able to see the animation of the concept of the While loop, together 

with the bit of code.” 

 

Others felt ‘distracted’ by it. The participants who were studying Java gave 

positive feedback on the use of animated examples to explain the concept of the 

While loop. All the users agreed that the text size was appropriate (though none 

had vision impairments); and the vodcast was not too lengthy.  
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In terms of access control for the device, the participant with mobility 

impairments commented that:  

 

“It was hard to use the scroll wheel to control the volume.” 

 

While the rest of the participants had no problems in accessing the vodcast.  

The use of captions received a mixed response from the different participant 

groups. Captions were essential for the deaf participants in order to access the 

vodcast, and their feedback was very positive. Comments included:  

“I have never seen anything like that before.” 

“This is great, I didn’t know I could have captions on iPod.” 

One deaf participant has however commented on the speed” of the captions:  

“There was not enough time to read the captions.” 

 

The overseas students also expressed positive comments towards the use of 

captions, for example:  

 

“The captions helped me understand the concept better.” 

 

The rest of the participants found the captions distracting. Both the captioned and 

non-captioned versions of the learning object were available to the participants.  

 

4.5.2 Use of the Learning Vodcast 
In terms of the potential use of learning vodcasts, the responses indicated that on 

average 85% of the participants agreed that they would use the vodcast as a form 

of learning material. Typical comments were:  

 

“I would use this as part of my independent learning (overseas student).” 
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“I would use this to help me with my exam revision (deaf student).” 

This evaluation also aimed to explore in what learning context the student would 

be most likely to use the vodcast. The results indicated that many students would 

use the vodcast for revision, but also as part of their weekly learning material and 

part of their independent learning and reinforcement of lectures (Table 4.3). 

Typical comments were:  

 

“This would be very useful when revising for my exams.” 

“During lectures, I concentrate on my signer and I miss something the lecturer 

had said so the vodcast can supplement the lecture.” 

 

Table 4.3: Use of Vodcast Evaluation Results: 

In what context would you use the 

learning vodcast? 

Frequency Percentage 

Exam Revision 6 46% 

Part of the weekly learning material 2 15% 

Part of your independent learning 1 8% 

As study support/ Reinforcement of lecture 4 31% 

 

However the participants also identified some disadvantages of using the iPod for 

learning; these were centred on the device itself, with cost being the main barrier  

 

Figure 4.5: Disadvantages of Using the iPod for Learning  
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Only one participant has mentioned that adjusting to a smaller screen could be a 

problem. However the responses from the deaf students were more encouraging:  

“Until now, I thought that iPods were for hearing people, but now I can see that I 

could use one for my classes.” 

 

Although this was a small evaluation study, the data suggests that the vodcast is 

viable as an educational tool. The majority of students, including all the deaf 

participants, welcomed the idea of learning vodcasts and were willing to 

incorporate them into their study pattern and only one participant commented on 

the implications of small screen size. 

 

4.6 Discussion 
Using our classification of adaptations, it was possible to categorise the 

adaptations that were required for the web-based learning object to be adapted to 

a PDA and to a vodcast version. The following table uses our classification of 

adaptations in terms of transformation, augmentation and substitutions, and 

includes the requirements for a podcast version of the learning object for 

completeness, although that particular adaptation has not yet been implemented 

(Table 4.4). 
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Table 4.4: Classification of Learning Object Adaptations 

 

 

The results from this study are valuable in terms of exploring the requirements for 

adaptability of learning objects based on user profiles and the potential of 

accessibility profiles in the context of the development of learning objects. The 

study has enabled the definition of the different components of the TAS 

adaptation service, by highlighting the importance of the authoring process of 

learning objects. Making rich online content match individual needs and 

preferences is a significant challenge for the designer. This research suggests that 

the solution to adaptable learning objects lies in learning object-authoring tools 

that would support the author in creating fully inclusive materials, by suggesting 

correct behaviours and sometimes imposing the completion of all additional 

information needed to ensure accessibility. Such a classification is important in 

terms of the capabilities that need to be built into an authoring tool to support the 

development of adaptable learning objects. This case study has also highlighted 

the potential of accessibility profiles in the context of the development of learning 
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objects and the need for the TAS service to provide a mechanism that allows the 

collection of the learner’s profile of needs and preferences.  
 
This case study has demonstrated the requirements for adapting components of a 

learning object, in terms of interface design, navigation, interaction, content and 

accessibility features for different devices. We acknowledge that making these 

adaptations for every learning object or for every different device is neither 

feasible nor sensible. For this reason, we suggest that the solution to the 

development of adaptable learning objects lies in learning object authoring tools 

which would support the provision of alternatives during the learning object 

creation. 

 

In addition, this case has shown that the transformation, augmentation and 

substitution classification system can be used to describe the adaptations and 

demonstrated that the proposed TAS a service has the potential to support the 

adaptation process in learning object authoring.  By identifying the requirements 

for transformation, augmentation and substitution in this specific case study, the 

aim is to translate these to a requirements specification for other learning objects 

and to inform the development of learning object authoring tools and personal 

profiling mechanisms. 

 

4.7 Conclusions 
This chapter has introduced the concept of an adaptation service by examining a 

specific use case, which explored the requirements for the delivery of a learning 

object in different devices, by adapting a web-based learning object to a PDA and 

vodcast version as well as including enhancements for accessibility (Gkatzidou & 

Pearson, 2008). The findings of the case study have highlighted the need for an 

authoring tool that allows for the creation of learning object with adaptable 

components, and a profiling mechanism that collects the learner’s profile of 

access needs and preferences to be integrated within the TAS service, in order to 

be able to provide an accessible relationship between the learner and the learning 

resource. 
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In order to model and design the TAS adaptation service, the next chapter 

provides an overview of the existing methods and strategies in regards to content 

adaptation service design. This is followed by a discussion of the underlying 

model of the proposed TAS service. The aim of the chapter is to outline the 

different components of the adaptation service and address their functionality. It 

will demonstrate the potential of the adaptation service within the wider 

theoretical and practical debates surrounding learning object adaptability and 

personalisation. 
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Chapter 5 

Transformation, Augmentation, Substitution 

Service (TAS) 

 

5.1 Introduction 
The purpose of this chapter is to describe the theoretical background of the 

proposed adaptation service, which can deliver learning objects adapted to suit the 

diverse needs of learners. We begin by investigating the concept of the adaptation 

service in detail, by exploring the potential of adaptable learning objects and 

identifying the practical boundaries of transformable content.  

 

This is followed by a discussion of the underlying model of the proposed 

adaptation service, illustrating its different components, discussing its architecture 

and functionality and exploring the tools needed to support the creation of 

adaptable learning objects. We conclude the chapter by exploring the potential of 

the adaptation service within the wider theoretical and practical debates 

surrounding learning object adaptability and personalisation. 

 

5.2 Content Adaptation Service Overview  
There are several fundamental areas in content adaptation that need to be 

explored, prior to the design of the proposed TAS service. The term ‘adaptation 

service’ spans various types of functionalities, methods and strategies and refers 

to two main classes of service, namely transcoding and personalisation (Canali et 

al., 2006). Transcoding refers to services that tailor web content to the capabilities 

of the client device and of the network connection, such as adapting screen size or 

video to bandwidth variations. Personalisation includes more sophisticated 

services that are based on stored information and can be explicitly inferred from 

the user and are oriented to adapt the content to user preferences, behaviour and 
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location. There is a number of content adaptation system features that need to be 

explored prior to the design of an adaptation service, illustrated in Figure 5.1 

below and adapted from (Fudzee & Abewajy, 2008). 

 

Figure 5.1: Content Adaptation Classification System 
 
 

5.2.1 Locality of Content Adaptation 
Locality refers to the location where the content adaptation operation is taking 

place. From an architectural point of view, there are four categories that represent 

most localities for content adaptation (Colajanni & Lancelotti, 2004; Laako & 

Hiltunen, 2005), client-side, server-side, proxy-side and service oriented. In a 

client-side approach (Lei & Georganas, 2001), the client itself (e.g. smart phone) 

performs the content adaptation, either in an offline (where multiple formats of 

the same resources are thus stored on the server and they are dynamically selected 

to match client specifications) or on-the-fly fashion (where adapted contents are 

dynamically produced before delivering them to the clients). Client-side 

approaches are most suitable for static adaptations, but might encounter 

difficulties at dynamic adaptation. In server-side approaches (Mohan et al., 1999), 

adaptation is performed on the server where the original content resides. As a 

result this approach may experience user requests’ overload and heavy traffic. In 

proxy-based approaches (Lum & Lau, 2002), a proxy that is between the client 
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and the server makes a request to the server on behalf of the client and is 

responsible for performing the adaptation, by capturing replies by the server to the 

clients’ requests, performs the adaptation and sends the adapted content to the 

client. The problem with proxy-based adaptation approaches is that they are 

application specific, as most of them focus on a particular type of adaptation, such 

as image transcoding, media type conversion etc. In addition, it might result in 

computational overload and this can degrade the performance of information 

delivery (Berhe et al., 2004). 

 

5.2.2 Strategy of Content Adaptation 
The adaptation strategy involves where the responsibility lies for carrying out the 

content adaptation. Three main strategies are highlighted in the related literature: 

the underlying system (where the system needs to perform the adaptation of the 

web content), the application (learning object), or both (system and applications) 

(Satyanarayanan, 1996). In the first strategy, it is the underlying system that 

performs the adaptation, whereas the second strategy is vice versa, for example a 

web-based learning object adapts content accordingly, to a specific mobile device. 

The last strategy requires synchronisation between the system and the application.  

 

5.2.3 Content Adaptation Mechanism 
The term mechanism refers to what is being adapted. Content can be adapted in 

many ways, such as appearance, adaptations to media format, size adaptation 

(Chen, 2003), encapsulation adaptation, by extracting the most important aspect 

of the content (Yang & Shao, 2007). 

 

5.2.4 Content Adaptation Methods 
Personalisation of learning objects, based on user profiles can be performed using 

various methods the main approaches that have been proposed to perform content 

adaptation, are real-time adaptation, with the use of customisation primitives and 

with the use of metadata. Real-time content adaptation is a method that is mainly 
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utilised in mobile rich-media applications to ensure that the content can be 

delivered and managed despite the varying characteristics of mobile devices.  

 
The principle of customisation primitives is based on maintaining a set of 

alternatives inside the content, that it is formatted to allow the selection of the 

most suitable alternatives for the specific learner. The Synchronised Multimedia 

Integration Language (SMIL) is a mark-up language for specifying temporal and 

spatial synchronisation relationships among media contents, and accessibility 

issues inside their primitives that allows for support to synchronous alternatives.  

Nevertheless, this method is limited to providing a static set of pre-defined 

preferences to the user, and can therefore hamper the development of a 

sophisticated customisation mechanism, able to select among alternative content 

(Mirri, 2007). 

 

Metadata can be associated with learning content to specify its characteristics and 

can then be matched against metadata that describes the learner’s profile of needs 

and preferences. This method allows the delivery of learning content that 

accommodates the learner’s profile. This approach has been extensively employed 

by the IMS Global Learning Consortium and can be achieved by applying the 

IMS AccessForAll proposal (Chapter 3.5.1). The TAS service adopts this 

particular method and suggests that, in principle, if digital resources are 

associated with rich metadata and a detailed profile of needs and preferences are 

available, there exist the necessary pre-requisites for designing and developing 

accessible applications.  

 

5.3 TAS Adaptation Service Overview 
Based on our previous considerations of the various adaptation approaches and 

strategies, a need emerges for a service that will be able to exploit transcoding 

strategies to deliver learning objects that can be adapted to suit the diverse needs 

of learners. Such a system must be able to deal with a range of learning objects by 

identifying and providing alternatives to resources, which would otherwise result 

in a mismatch between the user’s capabilities and the media components of the 
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learning object. 

 

For the purpose of the TAS service, we are adopting a service-oriented approach, 

where transcoding and adaptation activities are organised according to a service-

oriented architecture. This approach describes an application as an abstract 

composition that evolved at run time depending on service availability. This 

approach has been selected as it overcomes the limitations of the other 

approaches, by combining the dynamic nature of the adaptation mechanism with 

the emerging opportunities offered by web service technologies (Mirri, 2007). 

 

In simple terms the TAS service is triggered by the user making a request through 

the learning resource catalogue to the learning object repository. The service 

checks the catalogue for the objects accessibility element and compares it with the 

user’s profile in the PNP repository. In terms of its adaptation mechanism, the 

TAS carries out the appropriate transformations, augmentations and substitutions 

either directly through the local TAS managed resources or indirectly through a 

global AccessForAll service. In principle transformation, augmentation, and 

substitution may occur at any level but would typically take place at the 

component or learning pattern level. Where a learning object in itself is not 

considered accessible its constituent components are examined. If all individual 

components can be transformed, augmented or substituted then the learning object 

can be reconstructed as an accessible object. 

 

 The TAS also allows not only for content adaptation but for the adaptation of the 

underlying learning object pattern. In certain cases, needs or preferences may also 

require a substitute learning pattern, to suit a learner’s particular learning style for 

example. The learning object can then be recreated from its constituent 

components but employing an alternate pattern. While the primary concern of 

TAS is the adaptability and accessibility of resources, this feature could simply 

provide learners with learning patterns more suited to their personal learning 

styles that enhance their learning experience. 

 

In summary, the TAS service is endowed with methods to: 
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 Retrieve a learning object upon request by a user,  

 Unpack and disaggregate the learning object (if necessary),  

 Execute the adaptation process,  

 Re-aggregate the learning object components to obtain a new learning 

object, and 

 Deliver this new learning object to the user  

 

Each of these activities is associated with a specific software component, which is 

deployed in software architecture, discussed in the following section. 

 

5.4 TAS Adaptation System Components 
The TAS adaptation system is made up of different software components as 

illustrated in Figure 5.2.  

 

 
Figure 5.2: The TAS Adaptation Service Software Components 
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In particular, the general architecture of the TAS service comprises of a number 

of different software components which correspond to the functional activities. In 

more detail, TAS comprises of four components:  

 

 Interface: manages user access to the system. It provides means for user 

registration and authentication via user name and password during first 

access. 

 The Profile Manager: manages the learner profile database, maintaining 

the user accessibility needs and preferences.  

 The Dis/Aggregation Unit: handles, packages and unpackages requested 

learning objects before the adaptation phase. Once the adaptation phase 

is completed the Dis/Aggregation Unit re-aggregates the learning object 

by combining its media elements and adds the appropriate metadata to 

the new learning object. 

 The Adaptation Unit: defines and executes the adaptation strategy. 

 

As soon as the user requests a learning object, the system authenticates to the 

TAS service Interface. This component interrogates the Profile Manager, which 

retrieves the user’s profile. In the event of the first access of the user to the 

system, the user is prompted to describe their profile of needs and preferences 

which is stored within the Profile Manager. The Interface Unit passes the request 

to the Dis/Aggregation Unit, which fetches the requested learning object from the 

learning object repository, unpackages it and forwards them to the Adaptation 

Unit. The Adaptation Unit defines a correspondent adaptation strategy in order to 

provide a match between the learner’s need and the resource’s available 

alternative components and performs the necessary adaptations as specified by the 

strategy. The role of the Adaptation Unit is dual, it schedules the adaptation 

process according to the adaptation strategy defined and it also embeds a number 

of web services, designed to locally accomplish specific adaptations. Each web 

service can perform a different transformation, ranging from a simple 

transformation to a particular media type, re-sizing of fonts, to more complex 

ones, such as automatic text-to speech conversion etc. Ultimately, the Adaptation 

Unit passes all the adapted media components back to the Dis/Aggregation Unit, 

which re-packages the new version of the learning object, providing the 
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appropriate metadata and upon its completion, returns the learning object to the 

user, via the Interface. 

 

5.5 TAS Adaptation Unit 
The Adaptation Unit of the TAS service is responsible for providing a match 

between the learner’s AccLIP and the learning object’s ACCMD. 

 
The IMSAccMD (Chapter 3.5.1) describes accessible learning content, by 

specifying what type of content being presented and intends to make it possible to 

identify resources that match users’ stated needs and preferences (Chapter 3.5.1). 

The IMS overall accessibility data model (Figure 5.3) consists of the description 

of one primary resource, and the description of the features of none, one or more 

resource(s) that are equivalents for a particular primary resource. 

 

 
Figure 5.3: The IMS overall accessibility data model 

 

  

A primary resource is allowed to point to zero or more equivalent resources. An 

equivalent resource is allowed to point to a single primary resource only. In this 

way, circular references are avoided and the relationship model is greatly 

simplified with no loss of functionality.  
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The primary resource metadata describes:  

 

 Access Modality: It includes four attributes such as hasVisual, 

hasAuditory, hasText, and hasTactile, which are boolean values to indicate 

whether or not the resource contains visual, auditory, textual or tactile 

equivalent content information.  

 Adaptability: How amenable the resource is to transform the display and 

whether the method of control is flexible (display transformability and 

control flexibility).  

 Equivalent: Whether there is a known equivalent alternative. It is a pointer 

to an equivalent resource (meta-data) of the described resource or parts 

thereof and contains elements that are containers for content presented in a 

different modality: alternativesToVisual, alternativesToText, 

alternativesToAuditory (Chapter 3.5.1) 

 

Conversely, the IMSAccLIP describing a learner can be used to configure a 

computer workstation with appropriate assistive technologies, or reconfigure a 

web application for a person with a learning disability or cognitive impairment. 

The Accessibility for LIP Information Model extends the previous version of the 

IMS LIP by adding a new element under <accessibility> called <accessForAll>, 

by deprecating the <disability> element previously defined, and by adding a new 

element under <eligibility> called <accommodation>. 

 
Figure 5.4: The ‘accessibility’ Element Defined by IMSAccessForAll 
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The AccLIP Information Model defines user preferences in a hierarchy of data 

elements. The top level of this hierarchy has <accessForAll> at the root, which is 

a new element as a child of <accessibility>. The <accessForAll> element defines 

accessibility preferences for a user that can be grouped into three main types: 

display information, control information and content information as shown in 

Figure 5.5. 

 
Figure 5.5: The AccessForAll Element Type 
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into the IMSAccessForAll specification into facts. The profiles of the original 

learning object and its adaptations are translated into a group of facts, where each 

group has the facts that correspond to a resource or to an adaptation. Then the 

adaptation unit loads the facts for the user and the resource/adaptation in the rule 

based engine, and it validates them repeating the operation is repeated until all the 

adaptations have been analysed.  

 

Figure 5.6, illustrates a translation example of a fragment of IMSAccLIP into 

facts by the adaptation unit: 

 

 
 

Figure 5.6: Translation of IMS AccLIP Into Facts 
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Intelligence (AI) decisions to carry out the learning object adaptations. The aim of 

the adaptation unit is to control the processing of the learner profile, the learning 

content metadata and produced adaptation constraints based on a number of 

predefined rules. In order to match the learner’s profile with the learning object’s 

capabilities the adaptation manager applies the following rules: 

 

 If the user has no AccLIP preferences then the system displays the 

primary resources to the user (assuming the user has no preferences 

about the type and the format of the content). 

 If the user has AccLIP preferences and the learning content has no 

AccMD then the system will advise the user that the content may not be 

compliant with her/his preferences. 

 If the AccMD and the AccLIP totally match then the system will 

construct a page (or a set of pages) with the equivalent resources. 

 If the AccMD and the AccLIP partially match then the adaptation unit 

will advise the user and will construct a page (or a set of pages) with 

the correct equivalent resources (when they are available) and the 

primary resources if the correct equivalent ones are not available. 

 If there is no match between AccLIP and AccMD then the system will 

advise the user and will show the primary resources. 

 

5.6 TAS Service System Behaviour Workflow 
The adaptation unit applies a set of rules (discussed above) in order to match a 

learner’s AccLIP profile to a learning object’s AccMD. A flow chart diagram 

displaying the adaptation unit’s behaviour outlines the necessary steps for AccLIP 

and AccMD interoperability, as implemented by the TAS service. 
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Figure 5.7: TAS service behaviour workflow 
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 Step 2: The service obtains the IMSAccMD and IMSAccLIP and 

translates these into facts.  

 

 Step 3: The service begins by asking: ‘Does the primary resource 

contain a modality to which the learner requires alternatives to?’ If 

not, the service displays the primary resource. If yes, the service 

checks the facts of the AccMD of the learning object (i.e., the 

available equivalent components) 

 

 Step 4: Each time an equivalent is found, the service loops and asks 

‘Are there more equivalent resources in the list?’ If yes, the system 

gets the next equivalent and proceeds to Step 3.  

 

 Step 5: ‘Does this equivalent resource contain the necessary 

alternatives in order to meet the user’s AccLIP preferences?’ If not, the 

service displays the primary resource. If yes and the equivalent 

components of the learning object contain the necessary alternative to 

meet the learner’s needs and preferences, the service carries out the 

necessary adaptations and delivers the adapted learning object back to 

the user. 

 

5.7 TAS Service External Components 
The ability of the TAS to perform the adaptation service is dependent on the 

existence of the user profiles, accessibility metadata and equivalent alternative 

resources.  In simple pragmatic terms, if the alternative resources are not made 

available then substitutions and augmentations can only be hinted at. The service 

might indicate this lack e.g. the need for captions, an audio description or a video 

transcript, but it cannot provide it if not already available.   

 

It can be argued that an adaptation service that can provide personalised learning 

content is a challenging activity that necessitates the application of multiple 

components to effectively profile the learner, and support the design of adaptable 
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content. As a consequence it is evident that the functionality of the TAS is 

dependent on the existence of the user profiles, accessibility metadata and 

equivalent alternative resources. For this reason, the focus of this research has 

been geared around providing tools for the design of adaptable learning objects 

and mechanisms for user profiling. Although these two components are not part 

of the adaptation service itself, they are integrated as stand-alone applications 

within the extended TAS service framework (Figure 5.8) and are viewed as 

required components for the adaptation service. 

 

 
Figure 5.8: TAS Service External Software Components 
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5.8 Conclusions 
This chapter described our proposed adaptation framework and how all the 

illustrated concepts might work together to fulfil the request for individualised e-

learning systems. According to the literature, it is worth noting that the techniques 

the TAS is adopting for learning object adaptation are rather well known and 

already existing, but their combination is original and the system as a whole 

actually represents the novel aspect of our work. In order for this approach to be 

viable, it is necessary to provide mechanisms to describe the complexity and the 

diverse nature of a user’s access needs and tools to capitalise the 

IMSAccessForAll specifications to bridge the gap between the learner and the 

resource. For the purpose of testing the potential of the TAS adaptation service as 

a whole, we have designed and developed the external components of the service, 

a custom profiling mechanism and an authoring tool that supports the creation of 

adaptable learning objects.  

 

The next chapter extends the concept of the adaptation service by discussing these 

components, exploring the practical boundaries of transformable content and the 

tools needed to support the creation of adaptable learning objects.
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Chapter 6 

Designing the Components of the Adaptation 

Service 
 

6.1 Introduction 
The previous chapters have evidenced the heightened awareness of the potential 

benefits of adaptation and personalisation, and demonstrated that the ideal of 

individualised learning that is tailored to the specific requirements and 

preferences of the individual cannot be achieved using traditional approaches. 

Chapter Five discussed the theoretical model of our approach to reply to the need 

for adaptability and personalised learning by introducing an adaptation service for 

delivering adaptable learning objects. The proposed TAS service aims to match 

learning resources to needs and preferences, and in order for this approach to be 

viable, mechanisms must be provided to describe the complexity and the diverse 

nature of a user’s access needs and tools to support the development of adaptable 

learning objects. For the purpose of further investigating the potential of the 

adaptation service as a whole, it is necessary to develop and explore the efficacy 

of these as separate stand-alone components of the TAS system.  

 

This chapter aims to discuss and explore the design and development of the 

prototype components of a profiling tool and a learning object authoring tool 

within TAS. We begin by discussing our practical approach to the development of 

user profiles, which meet the complexity of individual requirements for accessing 

educational learning experiences. In order to place our work within the current 

context of personalisation and highlight the novel aspects of our method, a review 

of existing profiling approaches is presented. A description of our profiling 

system is followed, focusing on the design, functionality and usability issues. This 

chapter also describes the concept of an authoring tool that supports the design of 

adaptable, reusable and pedagogically rich learning objects using proven learning 

patterns and capitalises upon the recent focus on metadata standards for 
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adaptability. We gather the requirements of an authoring tool by providing an 

overview of existing learning object authoring tools and discussing the practical 

boundaries of transformable content. This chapter outlines our approach to 

creating adaptable learning objects and examines the case for learning patterns as 

a design method for adaptable learning objects and investigating their use to 

pedagogically enrich the standardisation process.  

 

6.2 Learner Profile for Customised e-Learning 
In a recent review of learner experience studies, Sharpe et al. (2006) assessed the 

impact of individual e-learning differences and noted that a disability can 

dominate the experience for the individual, along with prior experience and 

‘attitude towards using computers within learning’. Disabled learners may 

therefore have different e-learning experiences to non-disabled learners in a 

similar learning situation. Following the ideals of universal access and digital 

inclusion, in order to be able to adjust the learning environment and offer a 

personalised learning experience, it is necessary to increase our understanding of 

the learner’s needs and preferences. Personalisation involves the process of 

gathering user and context information during interaction with the user, which is 

then used to deliver appropriate content and services, in a format tailor-made to 

the user’s needs (Bonett, 2001). The scope of user profiling is undoubtedly broad 

and complex, involving challenges, which pertain to issues such as the choice of 

information to store, the location, and  the option of using existing standards or 

not. The focus of the research community in the area of learning content 

personalisation has mainly been on profiling learners by taking into account 

features like goal/tasks, knowledge, background, experience, preference 

(Brusilovksy, 2001), learning styles (Graf & Kinshuk, 2008) and cognitive factors 

(Tsianos et al., 2009), but no explicit attention has been paid to people with 

disabilities due to the lack of standardised methods for expressing the learners’ 

access needs. 
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6.2.1 Personalisation Meets Accessibility: Related Work 
The literature reveals that there have been very few implementations that have set 

out specifically to investigate profiling for accessibility. The Web-4-All project 

allows learners to automatically configure a public access computer by using a 

learner preferences profile that implements the IMS Accessibility for Learner 

Information Package (AccLIP). The system stores the learner profile on a 

smartcard, allowing learners to freely switch from one public workstation to 

another. When the smartcard is read by the workstation, the Web4All software 

automatically configures the operating system, the browser and all the necessary 

assistive technologies, based on the learner profile. If the assistive technology 

requested by a learner is not available on a workstation, the program launches and 

configures the closest approximation. 

 

The PEARL (Practical Experimentation by Accessible Remote Learning) 

developed a technical framework teaching laboratory for science and engineering 

for accessible remote experiments to disabled students. The rationale behind this 

project is to increase the participation of disabled students in these subjects by 

offering enhanced access to practical work (Nevile et al., 2006). The project 

implements a learner interface approach, in which interfaces are generated ‘on the 

fly’ based on XML elements describing single interface components and based on 

the supported types of interaction.  It also collects XML descriptions of the 

learner and how they preferred to use their computer. The learner description was 

based on the then current draft IMS LIP <accessForAll> elements. 

 

Although, these projects offer an insight into the issues of profiling learners, none 

of these solutions are really effective in capturing all these characteristics together 

and the implementation of IMS AccLIP is limited. Our work on profiling for 

accessibility and the wider research on the TAS adaptation service combines 

accessibility requirements with methodologies to automatically produce reusable 

and pedagogical learning objects that could be adapted to suit the diverse needs of 

learners, devices and environment. According to the literature, it is worth noting 

that the personalisation techniques involved in our profiling approach are already 
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established and quite well known, but the role of the profiling tool within the TAS 

system as a whole actually represents the novelty of our work.  

 

6.3 The Profile for Adaptable Learning (PAL) System 
The Profile for Adaptable Learning (PAL) responds to the need for a method to 

provide a detailed learner profile, by implementing IMS AccLIP in order to model 

the learner’s access requirements. PAL is a Web-based tool which provides an 

easy way to create a learner’s profile, allowing learners to create, edit and modify 

their preferences regarding the appearance, layout and selection of content. Users 

can also customise the selection and presentation of content based on requests for 

alternative formats, such as captions, audio descriptions, or sign language. By 

implementing IMS AccLIP, the general preferences exposed in the PAL 

Preference Wizard include: 
 

Access Requirements 

Learners with disabilities frequently require alternative access strategies such as 

screen reading for people who are blind, or on-screen keyboards for people who 

cannot use a mouse or keyboard. The preferences can address both the type of 

alternative access technology and the preference settings for the access 

technology. (e.g., voice rate and pitch, key size and spacing). 

 

Content Views 

(Image intensive, text intensive): Some learners are best supported through visual 

illustrations of the content, while graphics and images may be distracting or 

inaccessible to other learners. 

 

Style preferences 

This includes the information layout, the font size, and the colours used on the 

page. For someone with low vision this may make the difference between 

illegible and legible content. 
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Equivalent Content Requirements 

Learners with sensory impairments require streaming auditory or visual 

information to be provided in another modality but synchronised to the primary 

content. The system can provide the requested type of equivalent content 

(captioning, BSL, video description) delivered according to the user’s preference 

(style, layout, reading level, etc.). 

 

6.3.1 The Profiling Process  
PAL allows users to define a functional description of how they prefer to have the 

information presented, how they wish to control any function in the application 

and what supplementary or alternative content they wish to have available 

(Gkatzidou & Pearson, 2009). This description is created by users or by their 

assistants (tutors) with a simple preference wizard. Each user can create a number 

of AccLIP statements or profiles to accommodate their changing needs within 

different contexts. For example, a user may have a particular profile for work and 

another one for home if the bandwidth is different. In addition, PAL allows the 

profiles to be edited to suit immediate needs and preferences and accommodate 

changes in circumstances or context. In order to make the learner profile creation 

process as easy and straightforward as possible for the user, the preferences in the 

set of metadata elements of AccLIP have been distilled into seven adaptability 

statements. Each adaptability statement presents the user with a number of 

additional preferences questions, related to the basic chosen statement. For 

example the PAL system’s wizard presents the user with the following statements 

when creating a user profile: 

 

 I would like alternatives to visual content 

 I would like alternatives to textual content 

 I would like alternatives to auditory content 

 I would like to enhance the structure of the content 

 I would like to enhance the navigation of the content 

 I would like to enhance the presentation of the content 

 I would like to adjust my input device 
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Although we adopt the view for PAL that learner’s preferences should not be 

associated with a user’s identity, some form of authentication may be required 

prior to the profile creation. For this reason, the user interaction with the PAL 

systems begins with a log-in mechanism. The profiling process begins with the 

user being presented with seven basic adaptability statements from which one ore 

more can be selected (Figure 6.1).  

 

 
Figure 6.1: Profiling Process in PAL- Step 1 

 
 
PAL allows the user to select one or more of the adaptability statements, before 

being presented with a second set of preferences (Figure 6.2). 
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Figure 6.2: Profiling Process in PAL- Step 2 

 
 
The adaptability statements and their subsequent preferences are summarised in 

the table below:  

Table 6.1: Adaptability Preferences in PAL 
 
Adaptability Statements  Subsequent Adaptability Preferences 

I would like alternatives to visual 
content 

Audio descriptions of visual elements 
Screen reader preferences 
Braille preferences 

I would like alternatives to textual 
content 

Alternatives to text (graphic, sign 
language alternative) 
Text reading options (speech rate, 
volume) 

I would like alternatives to auditory 
content 
 

Alternatives to auditory (caption 
options) 
Visual alert preferences 

I would like to enhance the 
structure of the content 
 

Structural presentation preferences 
(content view options, window layout 
options) 

I would like to enhance the 
presentation of the content 

Screen enhance options (font face, font 
size, font colour, cursor options) 

I would like to enhance the 
navigation of the content 
 

Structural navigation preferences 
(focus options, use of table of content 
for navigation) 

I would like to adjust my input 

device 

Onscreen keyboard, mouse emulation, 
coded input, keyboard enhance, 
alternative pointing, word prediction, 
alternative keyboard, voice recognition 
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6.3.2 Technical Implementation 
The technologies that have been applied for the technical implementation of the 

PAL system include ASP.NET, C# and JavaScript client-side web development 

and SQL server for the database design and management. Once the learner profile 

has been detailed through the Profile Manager, it is stored in a database; to 

facilitate future interactions with the system. The details of the profile are stored 

in an XML file and the URI of this file is stored in the ‘profileTbl’ table in the 

‘uri’ field. 

 

6.4 A Practical Approach to Designing Adaptable Learning 

Objects.  
The initial focus of the learning object literature (Chapter 2) has overwhelmingly 

been on delineating the concept of reusing learning objects to be used in different 

contexts (Agostinho et al., 2004). Nevertheless, the increasing demand for new 

educational approaches and pedagogies, and the growing emphasis on the need to 

cater for the needs and preferences of the individual learner are shifting the focus 

to the concept of learning object personalisation and customisation to student 

needs (Milosevic et al., 2007). Accessibility advocates would argue that 

accessibility should be the primary consideration for the development of online 

resources, but in the academic setting it is usually teaching staff that are largely 

responsible for the production of their own electronic resources (Pearson & 

Koppi, 2006).  Academics may lack the time, expertise and the motivation to 

undertake inclusive practices. While some embrace the challenge of new 

technologies with enthusiasm and accept the need for accessibility, other over 

stretched academics may regard the requirement to produce accessible online 

courses as a burden they have neither the skills nor the time to tackle (Bennett et 

al., 2003). 

 

 

Nevertheless the complex behaviour managed by the IMSAccessForAll 

specifications can be perceived by authors as a challenging activity, enforcing the 

idea that the production of accessible learning objects is too complex (Boni et al., 

2006). Despite the detail and clarity of the IMS Global Learning Consortium 
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definition (Chapter 3.5.1) and the clear rejection of a deficit approach (medical 

model of disability) to responding to disabled learners; it is relatively silent on the 

role that teachers play in ensuring accessibility (Seale, 2006). The focus of the 

AccessForAll specification is for accessible systems to ‘adjust’ the user interface 

of the learning environment, instead of concentrating on how to support 

academics in designing adaptable learning content. Changes in legislation, and the 

legal imperative imposed by the DDA (Chapter 3.2.1) means that academics are 

aware that they should strive to make e-learning accessible. Despite this 

awareness, the need to cater for the needs and preferences of the individual 

learner is presenting significant challenges for the academic, and the creation of 

accessible learning objects is a difficult and lengthy task, partially supported by 

complicated ad-hoc tools.  

 

6.4.1 Related Work 
Prior to the design of the authoring tool it is essential to explore related work and 

investigate the context in which authoring tools are introduced.  

 

The Inclusive Learning Exchange (TILE) is a learning object repository 

developed by the Adaptive Technology Resource Centre at the University of 

Toronto, which implements both IMS AccMD and AccLIP. The TILE authoring 

tool allows users to author, aggregate and publish learning objects and supports 

them in creating and appropriately labelling transformable aggregated lessons. 

Although TILE provides extensive support to the academic for the creation of 

adaptable learning objects, it does not take account of the pedagogical context. 

GLO Maker is an authoring tool for creating rich, interactive learning resources. It 

focuses on good learning design and builds on the extensive experience of the 

Centre for Excellence in Teaching and Learning (CETL) in Reusable Learning 

Objects. The purpose of the GLO Maker authoring tool is to empower teachers, 

and other users, to develop highly generative learning objects. A generative 

learning object (GLO) consists of an articulated and executable learning design 

that produces a class of learning objects. The central idea of generative learning 

objects is to make learning designs the basis for reuse (Boyle et al., 2008). 
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The GLO authoring tool interface has a drag and drop screen that allows users to 
create a top-level plan of the learning design, which can be read as a ‘narrative’ 
on the screen and captures the high-level storyline of the learning design. Each 
node, or bullet point, in this narrative represents a pedagogical function. This 
sequence of functions (from introducing, apprehending and comprehending the 
topic through learning method selected, through to self-assessment method used) 
represents the high-level plan of the learning design in the GLO tool, as shown in 
Figure 6.3. 
 

 
Figure 6.3: GLO Authoring Tool Interface 

 

The central idea of generative learning objects is to make learning designs the 

basis for reuse The GLO tool allows for the creation of adaptable multimedia 

learning objects, although it offers no specific support for accessibility as it 

concentrates on learning objects that could be adapted to be used in different 

contexts.  

Xerte is a suite of tools for the rapid development of web based interactive 

learning materials that are highly accessible and SCORM compliant (Xerte, 

2006). It provides a wizard tool that allows a user to create content simply by 

cutting and pasting text, and browsing for media objects such as audio and video 

files, to insert them into the learning object. The Joint Information Systems 
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Committee (JISC) and Technology and Disability service (TechDis) in the UK 
have worked with the Xerte designers and practising educators to produce an 
Accessible Learning Object template that is easily within the capabilities of e-
learning practitioners and teachers that have limited experience in Flash, 
ActionScript or JavaScript (Ball & Tenney, 2008). Xerte facilitates the 

construction of learning objects and pages that are delivered at runtime in Flash 

but which, in contrast to most materials made using Flash, are highly accessible 

with enhancements such as colour preferences, font size preferences, keyboard 

navigation and text to speech. Xerte was designed primarily as a web based 

content creation tool, but it can also be bundled with Moodle onto a memory stick 

in order to create a portable course complete with Xerte learning materials. 

Although Xerte allows for the rapid development of interactive learning content 

with accessibility enhancements, it still requires the designer to have knowledge 

of scripting. 

 

Despite the plethora of technical, design and conceptual tools that are available to 

academics, at this point, the majority of literature and applications related to 

development of learning objects have focused primarily on technological 

attributes, metadata standards and system specification issues such as levels of 

granularity and ensuring interoperability (Bannan-Ritland et al, 2000), or purely 

focusing on support for pedagogical issues such as interactivity and learning 

designs.  

 

Although we acknowledge the importance of these issues, our approach stresses 

that while reuse and interoperability may be a laudable aim, it should not be at the 

expense of pedagogical effectiveness. Our approach is based on the concept that 

trying to address accessibility in the context of e-learning requires tools that 

address pedagogical issues as much as technical ones. A number of projects and 

products provide authoring tools for learning materials that generally present 

authors with interfaces and functionalities so they can create and manage 

resources, aggregate content and add metadata; but they commonly imply high-

level technical skills in order to be appropriately used by academics. For this 

reason, we are translating the results of this overview into a number of dimensions 

required for the design of the authoring tool; there are illustrated in Figure 6.4 
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Figure 6.4: Dimensions of Learning Object Authoring Tools 

 
 
To fully assist educators in creating adaptable learning objects, we have identified 

six design dimensions for the authoring tool: 
 

 Accessibility: the tool itself should follow principles of accessible 

design. 

 Pedagogy: the tool should produce pedagogically rich and interactive 

learning objects, by applying learning patterns as a design method for 

adaptable learning objects to pedagogically enrich the authoring 

process. 

 Adaptability: the tool should create fully adaptable content by 

prompting the author in providing alternative versions of (e.g., the 

textual description of images). 

 Reusability: the tool should help and assist authors in re-using existing 

learning objects. 

 Ease of use: the tool should be straightforward and easy to use for 

academics without previous programming experience. 

 Interoperability: the tool should generate learning objects that are 

compliant with the major e-learning standards and could be read by 

open source-learning platforms. 
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6.5 The Learning Object Tutor Tools Interface 
Based on the design dimensions described above, and in order to bridge the gap 

between user’s needs and learning content authors’ efforts, this research suggests 

a solution that is based on the principle that learning content can be generated 

from adaptable aggregations of learning objects and media components. The 

Learning Object Tutor Tools Interface (LOTTI) is an authoring tool for academics 

(referred to as the designer here) to aggregate and produce learning objects. It 

provides the framework for the design of pedagogically rich and interactive 

learning objects, with the aid of learning design patterns, allowing the designer to 

create and appropriately label retrievable, reusable and adaptable learning objects 

(Gkatzidou & Pearson, 2010). The LOTTI system consists of the following 

functional modules that are described as follows: 

 

 User Interface Module: provides the interaction between the learning 

designer and the system and cooperates with the other modules. 

 Metadata Module: implements the XML document that describes a 

learning object. 

 Preview Module: allows the designer to preview the learning object 

 Learning Object Module: contains the learning object. 

 Learning Object Pattern Module: contains the information on the 

learning object patterns. 

 Content Package Module: combines the metadata, the XML manifest 

and the media components of the learning object, in order to aggregate 

and package them into learning objects. 

 

Creating accessible and universal learning objects is a difficult and lengthy task 

but LOTTI provides a straightforward and intuitive way for an academic with 

limited programming experience, to create learning objects that could be 

retrieved, shared and re-purposed over the Internet. It separates the design process 

into two steps; the first one consists of building a learning object template which 

encloses the deep general structure of the object while the second one involves 

adding specific learning content to the template (Boyle, 2003).  
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The authoring process begins with a library of pedagogical design patterns from 

which the designer can select. Once a template has been selected, authors can add 

subject specific content to produce a learning object. LOTTI’s main interface 

consists of a number of panels. The panel on the left (a in Figure 6.5) illustrates 

the structure of the learning pattern that is being employed for the design of the 

learning object, in the form of a template and captures the pedagogical choices 

made by the tutor/ designer. These can be read as a sequence which sets out the 

pedagogical ‘storyline’ of the learning object.  This storyline can be read from top 

to bottom in the left panel. 

 

In this example, the designer is applying the award winning EASA leaning object 

design pattern (Boyle, 2003). The learning object panel (b in Figure 6.5) shows 

the list of the media components of the learning object. Each step in the storyline 

has an attached default page layout that enables this function to be expressed in a 

screen which is accessed by the learner. Thus the selection highlighted on the left 

panel shows that we are on the Concept screen.   

 
Figure 6.5: LOTTI Authoring Tool Interface 

 

As the designer imports a new file (e.g. text, graphic, media) onto the learning 
object, this will be shown in the learning object overview window, in the 
appropriate page (depending on which page the designer has imported the file). At 
any stage the designer can preview the learners view by clicking on the Preview 
button under the File  menu option at the top of the screen.  This will display the 
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learning object with the primary components (and not the alternative or equivalent 
components). 
 

 

Figure 6.6: Importing a Media File on LOTTI 
 

 

LOTTI defines the modality of resources in the original content as auditory, 

visual, textual, or tactile information, or a combination thereof. 

  

The learning object metadata information can be found in the metadata toolbar 

(Figure 6.7). An accessibility wizard within the metadata toolbar is triggered 

when the learning designer imports a learning object component; it prompts the 

designer to assign an alternative resource, outlines the limitations of the file type 

to the designer and suggests predefined alternatives to these types of content to 

the designer.  

 
Figure 6.7: LOTTI Metadata Toolbar 
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For example, when the author imports an image, then the tool, in a form of a 

wizard pop-up window (Figure 6.6), prompts the author to add an equivalent 

resource, suggesting the most common alternatives to this modality- in this case- 

audio or text descriptions. LOTTI allows the author to associate alternative files 

of different modalities as adaptations of the original content. If the designer 

chooses to assign an alternative resource to the primary one, then the tool 

automatically assigns the appropriate metadata to it, describing it as an 

‘alternative to’ the primary resource. Once adapted content has been associated 

with the original, the content can be displayed in the preferred form based on the 

learner’s preferences.  

 

6.5.1 Adding Metadata 
LOTTI is currently employing two sets of metadata, the IEEE Learning Object 

Metadata (LOM) (as discussed in Chapter 2.4.3) to provide descriptive metadata 

and information on the component structure of the learning object and the IMS 

accessibility metadata specification (IMSAccMD) to describe the accessibility of 

a learning resource by specifying what kind of content is being presented and 

whether there is an equivalent or alternative form of the content. LOTTI 

reconstructs a global XML representation of all the alternative information (The 

IMS manifest). An XSLT stylesheet generates final XML metadata from data 

stored in the XML intermediate files. All the necessary information comes from 

the requirements fulfilled by authors as illustrated above. All alternative resources 

are identified and represented in the IMS AccMD description.  

 

6.5.2 Packaging and Exporting 
Learning objects are saved in accordance with the IMS Global Content Package 

metadata (IMS CP). IMS CP describes data structures that can be used to 

exchange data between systems that wish to import, export, aggregate and 

disaggregate packages of content, and focuses solely on the packaging and 

transport of resources. It enables the export of content from one Learning Content 

Managing Systems or digital repository and import to another, while retaining 

information describing the media and its structure in the content package. Once 
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the authoring process is completed, the learning object is packaged in an archive 

(.zip file) which contains a manifest file, the content included in the learning 

object and the metadata that describes it.  

 

6.6 Conclusions 
This chapter has outlined the functionality of the salient components of the 

proposed Profile for Adaptable Learning (PAL) and the Learning Tutor Tools 

Interface (LOTTI) authoring tool and their relationship with the proposed TAS 

service.  We discussed our practical approach to the development of learner 

profiles, which meet the complexity of individual requirements for accessing 

educational learning experiences and outlines our approach for applying learning 

patterns as a design method for adaptable learning objects. We have described the 

demonstrator tools in detail and illustrated their capabilities. 

The next chapter illustrates the functionality of the proposed learning object 

authoring tool, by presenting a case study carried out to validate the potential of 

the TAS adaptation service. The aim of the case study is to demonstrate the 

functionality of the separate components of the TAS service by testing the 

profiling mechanism against the needs and preferences of a number of personas, 

and demonstrates the efficacy of the learning authoring tool, by creating a number 

of learning objects with adaptability enhancements. The case study also involves 

testing the functionality and efficacy of the proposed adaptation service by 

demonstrating how an adaptable learning object that has been designed with 

LOTTI can be adapted to suit the specific needs of each of the profiles that have 

been collected with PAL. 
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Chapter 7 

Experimental Assessment of the TAS service 
 

7.1 Introduction 
The need to provide learners with learning content that matches their accessibility 

need and preferences has been identified as an important issue in the literature, as 

discussed in previous chapters. Although several initiatives already exist that try 

to provide adaptability by matching the learner’s needs with the learning 

resource’s capabilities, these attempts do not focus specifically upon the needs of 

disabled learners, and have a technological rather than pedagogical focus on 

developing infrastructures to support the delivery of adapted content. Chapter 

Five has addressed the need for an architectural definition of a learning object 

adaptation service that employs current metadata specifications (including 

accessibility and adaptability) to provide inclusive and adaptable learning objects. 

We have also identified the need for a profiling mechanism for expressing the 

learners’ access needs and preferences in an anonymous profile, and a learning 

object authoring tool for enabling the formalisation of learning object accessibility 

properties in order to provide this match.  

 

The previous chapter has outlined the functionality of the external and internal 

components of the proposed adaptation service, by discussing the prototype 

implementations and highlighting their role and potential within the adaptation 

service. In this chapter, we describe the method and results of a series of validation 

studies that we have performed on the proposed TAS service and its salient 

components: the authoring tool and the profiling mechanism. Three notable aspects 

of the service and its external components are of interest in our investigation. First, 

the efficacy of the profiling tool in expressing the needs of a wide range of user 

profiles is assessed, secondly, there is an evaluation of the effectiveness and 

accuracy of the authoring tool in developing and packaging adaptable learning 
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objects. Thirdly, the adaptation service itself is examined, by demonstrating how a 

learning object developed in LOTTI can be adapted to suit the needs of a learner 

that have been expressed in PAL. The chapter concludes with an in-depth 

discussion of the findings of the case study conducted during the course of this 

research. 

 

7.2 Case Study Methodology 
For the purpose of examining the adaptation service and exploring the 

orchestration and delivery of adaptable learning objects, it is essential to adopt a 

multiple case study in order to understand the interactions of the TAS components 

and metadata specifications and achieve generalisable knowledge of learning 

content adaptation. A multiple case study design requires the examination of 

several cases with the objective of understanding the factors that lead to similar or 

dissimilar outcomes (Stake, 1995; Yin, 1994). The purpose of this case study is to 

examine how the TAS service deals with the adaptation of learning objects to suit 

the needs of a variety of learners. This requires the examination of several cases, 

with a variety of learning objects being matched to different learner profiles to 

enable cross-case analyses and thus more robust conclusions. The objective is to 

examine the outcomes of each particular case of matching the learning object to 

the learner and understand the factors that lead to these outcomes. 

 

The overall case study also aims to gather evidence data from the 

implementations of the IMSAccessForAll metadata specification for both the 

LOTTI and the PAL tool in order to improve the understanding in the area of 

adaptable learning object delivery and to extend and expand the boundaries of 

existing knowledge of adaptable learning.  
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The two-fold aim of this case study requires that it is structured into two separate 

phases: 

 

 Phase 1 consists of conducting a realistic case study to assess the 

effectiveness of the two separate components of TAS, the profiling 

mechanism (PAL) and the learning object authoring tool (LOTTI). The 

objective for this phase is to provide a platform for experimentation 

with realistic examples of learner profiles and learning objects that have 

the potential to demonstrate the benefits of our approach and the 

individual tools. A parallel aim is also to demonstrate how the 

IMSAccessForAll specification is implemented, in order to stimulate 

discussion and suggest improvements to the authoring and profiling 

tools. 

 

  Phase 2 consists of conducting a small trial application of the internal 

components of the TAS service, to demonstrate how adaptations can be 

applied to a learning object in order for it to be delivered to suit the 

needs of various learners. In particular, the aim is to consider the 

multimedia learning objects that have been aggregated with the LOTTI 

authoring tool in Phase 1 and will demonstrate how such learning 

objects are properly adapted based on the different learner profiles of 

user needs and preferences that have been developed through the PAL 

profiling mechanism. This aims to highlight the adaptation process and 

decisions that need to be applied within the TAS service and 

demonstrate the potential of the service and our approach as a whole.  

 

The first phase of the case study aims to answer Hypothesis 1 and 2 as discussed 

in Chapter 1, while the second phase strives to address the overall research 

question posed in this thesis.  
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The first hypothesis proposes: 

 

‘It is possible to develop an authoring tool that employs a standards-based 

approach to create adaptable learning objects from aggregations of media 

components.’  

 

An ‘accessible wizard’ component within this tool can offer support to academics 

with limited programming expertise in creating and appropriately labelling 

retrievable, reusable and adaptable learning objects. 

 

The second hypothesis argues: 

 

‘It is possible to create a profiling mechanism that uses a standards-based 

approach to collect record and extract the learner’s preferences in relation to 

accessibility constraints.’ 

 

These accessibility constraints are defined in terms of display, control and content 

information, allowing users to customise the selection and presentation of content. 

The preferences include access requirements, content views, styling preferences 

and equivalent content requirements.  

 

7.3 Defining Real World Learner Profiles with PAL 
In order to evaluate the effectiveness of our profiling approach we tested the PAL 

tool and the IMSAccLIP specification implemented therein using five different 

personas. This is based on a design technique that specifically targets user 

interaction design by allowing the creation of personas that are precise 

descriptions of a typical user and what they wish to accomplish (Cooper, 1999). 

Personas are defined as user models and are fictional, detailed archetypical 

characters that represent distinct groupings of behaviours, goals and motivations 

observed and identified during the research phase (Calde et al., 2002). Personas 

can be thought of as hypothetical users – fictional people who represent classes of 

users. For the purpose of this case study, we have created five personas, as 

example learners, to represent their specific access needs and preferences. Each 
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learner profile, which was written in English, had to be expressed through the 

PAL tool and translated into AccLIP. In the context of this case study the various 

personas are defined in terms of their access needs and preferences. Although 

they are imaginary, they are defined with significant rigor, accuracy and 

precision. The identification and application of such personas is based on real 

learners with whom we have been involved in our past and current research 

projects within the Accessibility Research Centre (Harrison et al., 2008; 

Gkatzidou & Pearson, 2008).  

 

7.3.1 Persona A: Hearing Impaired Mobile Learner 
Edward is a student who suffers from severe hearing loss due to diabetes. He 

benefits from powerful hearing aids, but he often needs to rely heavily on lip-

reading even when using them. Without his hearing aids, he can’t understand 

other people talking in noisy environments and finds it very difficult to 

communicate with them. He mostly uses lip reading to communicate, and is also a 

fluent sign language communicator. The mobile phone is very important for 

Edward, as he relies on it to contact his family and friends by video call. Although 

he is a heavy technology user, he believes that the Internet today offers too much 

video content for his taste. Edward is working as an independent photographer 

and holds a Bachelor’s degree in Media Studies. He is currently studying for his 

Masters degree in web design, in order to broaden his computer skills and be able 

to develop his own website to promote his business.  

 

Needs and preferences: 

 

 The learner needs subtitles for video content, as he often can’t make out 

whether or not the sound is important in a particular video and what 

kind of information is given in the soundtrack of the video. 

 He needs the audio content to be substituted with graphical or textual 

content but he prefers information to be presented in sign language 

whenever that is possible. 
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In order for Edward to express his needs and preferences through PAL, he opts 

for selecting the ‘I want alternatives to visual content’ and ‘I want alternatives to 

auditory’ adaptability statements. To begin with, the learner defines a set of 

preferences for visual alerts instead of generic audio ones (see element 

<visualAlert> under <display> inside the accessibility LIP element 

<AccessForAll>. 

 

PAL expresses the learner’s needs and preferences by using the values ‘preferred’ 

and ‘required’ under the metadata element <alternatives to auditory>. In addition, 

the learner specifies in the <captionType usage> that the use of captions is 

required as an alternative to auditory content, and that the <signLanguage usage> 

element specifies that British Sign Language is also preferred. The code in Figure 

7.1 below demonstrates that the use of captions is required, but on the occasion 

where both an alternate caption and sign language equivalent are available, the 

learner prefers the use of sign language. 

 

Figure 7.1: IMS AccLIP Profile (Persona A) 
 

  <?xml version="1.0" encoding="utf-8" ?>  
<accessForAll xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xmlns:xsd="http://www.w3.org/2001/XMLSchema"> 

 <context identifier="PersonaA" lang="en"> 
  <display> 
   <visualAlert> 
        <visualAlertGeneric> 
             <systemSounds usage="preferred" value="none" />  
      <captions usage="required" value="true" />  
                    </visualAlertGeneric> 
     </visualAlert> 
    </display> 
    <control />  
  <content> 
         <alternativesToAuditory> 
   <captionType usage="required"> 
       <verbatim usage="preferred" value="true" />  
          </captionType> 
          <signLanguage usage="preferred" value="British-BSL" />  
    </alternativesToAuditory> 
   </content> 
   </context> 
  </accessForAll> 
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7.3.2 Persona B: Motor and Cognitive Impairments Learner 
Vicky is a student at a national specialist college for learners with physical 

disabilities and learning difficulties (Harrison et. al., 2008). She has severe motor 

and speech impairments due to cerebral palsy. She is a wheelchair user and her 

severe athetosis limits her hand functionality. Vicky communicates by controlling 

two hand switches to select from highlighted symbols on a virtual keyboard 

instead of using a standard keyboard. A switch is an assistive technology device 

that replaces the need to use a computer keyboard or a mouse. She uses on screen-

scanning keyboards with symbols and auditory scanning support to access the 

specialised symbols based virtual learning environment, that has been specifically 

designed to meet the unique access needs of the particular learner group at this 

college (Pearson et al., 2008). 

 

Needs and preferences: 

 

 Due to her low literacy level, she needs all the information to be 

presented to her in symbols. 

 Vicky requires the use of an onscreen keyboard. 

 Vicky can use a mouse as her method of control, but can only manage 

for a limited amount of time, so she prefers to use a switch, preferably 

two switches (one to scan and one to select). 

 

In the context of this persona, the learner might require tutor support to use PAL 

to specify her needs and preferences profile. Nevertheless PAL uses the AccLIP 

element <control> to declare a set of preferences for Vicky’s preferred method of 

control, in this case, the use of two switches. The <mouseEmulationGeneric> 

allows Vicky to emulate the function of the mouse with another device. In this 

persona, the learner has specified that she prefers the use of two switches as 

shown in the code in Figure 7.2 below under the <switchAssignmentusage>, 

which specifies that the first switch will be used for selecting and the second for 

scanning. Vicky has also specified that she needs an on-screen keyboard to be 

presented to her to allow her to enter characters by selecting them using the 

switches. The <onscreenKeyboard> element shown below specifies that Vicky 
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prefers to use an external keyboard layout when an on-screen keyboard is 

available, with specific values for key width, height and spacing and that the use 

of sound feedback is preferred. In this persona, Vicky is using a specific keyboard 

layout created by the specialist college and defined by an external file called 

"Portland.xml." (The file name reference is abbreviated here, as it would normally 

be a full URL). Vicky cannot control a mouse or an alternative pointing device, 

she therefore requires the function of the mouse to be emulated using a switch to 

allow her to move the mouse pointer to a desired location. In the 

<mouseEmulationGeneric> element Vicky specifies the use of switch, with a 

speed of 0.0 (slow) and an acceleration value of 0.5 (medium). 

 
Figure 7.2: IMS AccLIP Profile (Persona B) 

  <?xml version="1.0" encoding="utf-8" ?>  
<accessForAll xmlns:xsi="http://www.w3.org/2001/XMLSchema-
instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema"> 
<context identifier="Persona B" lang="en"> 
   <display />  
<control> 
<onscreenKeyboard> 
            <onscreenKeyboardGeneric> 

   <alphaLayoutExternal usage="preferred"value="Portland.xml" />  
<keyHeight usage="preferred" value="0.12"/> 

   <keyWidth usage="preferred" value="0.12"/> 
   <keySpacing usage="preferred" value="0.12"/> 

  <sound usage="preferred" value="true"/> 
<autoScanning> 

   <scanSpeed usage="preferred" value="0" />  
   <scanSwitchDelay usage="preferred" value="0" />  
   <switchType usage="preferred" value="game" />  
                 <switchAssignment usage="preferred" value="select" 
number="1" />  
                         <switchAssignment usage="preferred" value="scan" 
number="2" />  
       </autoScanning> 
       </onscreenKeyboardGeneric> 
 </onscreenKeyboard> 
<mouseEmulation> 

<mouseEmulationGeneric> 
    <device usage="preferred" value="switch" />  
    <acceleration usage="preferred" value="0.5" />  
    <speed usage="preferred" value="0.0" />  
   </mouseEmulationGeneric> 
</mouseEmulation> 
</control> 
 </accessForAll> 
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7.3.3 Persona C: Low Vision Learner 
Peter is an undergraduate student at Teesside University, studying Computer 

Science. Peter, who has low vision, bought himself a new laptop for his course, 

which is fully equipped with a screen reader (Jaws), a Braille embosser and a 

refreshable Braille display, a combination of assistive technologies that enable 

him to interact with the programs he uses. A screen reader is a form of assistive 

technology that attempts to identify and interpret what is being displayed on the 

screen and represent it to the user with text-to-speech output. A refreshable 

Braille display is an electro-mechanical device for displaying Braille characters, 

usually by means of raising dots through holes in a flat surface and a Braille 

embosser is a printer that renders text in Braille.  

 

Needs and preferences: 

 

 He needs alternatives to visual content. 

 When Peter is accessing his learning material at home, he likes to 

increase the volume of his computer speakers and use his screen reader; 

therefore he needs all visual content to be substituted with a text 

alternative and requires audio alerts, instead of visual. 

 On campus, however, some workstations in the library are not equipped 

with speakers, and in other cases, such as the classroom context, Peter 

requires the sound from the screenreader to be switched off to avoid 

disrupting the other students. In this context, Peter needs to declare that 

the use of a refreshable Braille display is required, as the audio from the 

screenreader would disrupt other students. 

 

The following example (Figure 7.3) illustrates how these requirements might be 

encoded in a single <accessForAll> branch using different <context>. In the 

context of the use of assistive technologies, IMSAccLIP allows the definition of a 

set of preferences for them such as speech rate, volume, pitch preferences that can 

be found under the <screenreader> element. Peter’s needs and preferences 

depending on the environment are expressed in PAL by using the values 

‘preferred’ and ‘required’ under the IMSAccLIP metadata element <alternatives 
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to visual>. Peter will need to create two separate profiles using the PAL tool, 

depending on the environment he is in.  

 

In Peter’s ‘home’ profile, he expresses the preference for screenreader use instead 

of Braille. In this example, the screen reader (specified to be Jaws) would be 

required to read any links it encounters, with a speech rate of 180 words per 

minute. An optional pitch setting is set to the normal (default) value. This 

example requires a slightly higher than average volume setting (1, loud). 

 

 
Figure 7.3: IMS AccLIP Profile (Persona C). Home Context 

 

 

In his ‘classroom’ profile PAL expresses his preference for Braille by using the 

<braille> element and turning off the screen reader’s volume by using the 

preferences under the <screenReader> element. PAL also allows Peter to specify 

a number of preferences regarding the use of Braille as shown in Figure 7.4.  In 

this example, the learner requires uncontracted Braille (Grade 1), where each cell 

<accessForAll xmlns:xsi="http://www.w3.org/2001/XMLSchema-
instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema"> 
<context identifier="Peter/Home" lang="en"> 
<display> 
              <screenReader> 
                         <screenReaderGeneric> 
   <application name="Jaws">  

</application> 
    <link usage="preferred" value="speakLink" />  
                                <speechRate usage="preferred" value="180" />  
                                <pitch usage="preferred" value="0.5" />  
                                <volume usage="preferred" value="1" />  
                           </screenReaderGeneric> 
    </screenReader> 
  </display> 
 <content> 

<alternativesToVisual> 
 <audioDescription usage="preferred" type="expanded"   
lang="en" />  

    <altTextLang usage="preferred" lang="en" />  
   <longDescriptionLang usage="preferred" lang="en" />  
    </alternativesToVisual> 
    </content> 

    </context> 
  </accessForAll> 
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has 8 dots, and his display has 80 cells in a row. The learner has optionally 

indicated the display of highlighting, bold, underline, italic, strikeout, and colour.  

 

 
Figure 7.4: IMS AccLIP Profile (Persona C). Classroom Context 

 

7.3.4 Persona D: Mobile Learner 
Susan is a mature part-time student, enrolled on a History degree at the University 

of York. Susan lives in Leeds and has to commute to York three times a week in 

order to attend her classes. Susan is a mother of three, and finds it very difficult to 

get some time to study at home. She therefore does most of her reading and 

preparing for her course on the train to and from the university. Susan has a smart 

phone and she would like to be able to access her learning resources on her video 

iPod on the train. Although the handheld device allows Susan to connect to the 

<accessForAll xmlns:xsi="http://www.w3.org/2001/XMLSchema-
instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema"> 
<context identifier="Peter/Classroom" lang="en"> 
<display> 
              <screenReader> 
                         <screenReaderGeneric> 
                                <usage="notUse" value="0" />  
                           </screenReaderGeneric> 
    </screenReader> 
  <braille> 

<brailleGeneric> 
   <grade usage="preferred" value="1" />  
    <numDots usage="preferred" value="8" />  
    <numCells usage="preferred" value="80" />  
    <markHighlight usage="preferred" value="true" />  
    <markBold usage="preferred" value=" true" />  
    <markUnderline usage="preferred" value=" true" />  
    <markItalic usage="preferred" value=" true" />  
   <markStrikeout usage="preferred" value=" true" />  
    <markColor usage="preferred" value="false" />  
    <dotPressure usage="preferred" value="0.5" />  
    <statusCell usage="preferred" value="off" />  
   </brailleGeneric> 
  </braille> 
</display> 

     
  </accessForAll> 
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Internet and download the learning objects for her course, she finds that it has a 

small screen, limited interactivity control, and reduced computational capabilities. 

 

Needs and preferences: 

 

 Susan finds it hard to watch a video on such a small screen; she 

therefore requires alternative to video content, preferably audio 

descriptions. 

 Susan would also like audio alternative to textual content, as she is 

struggling to read large pieces of text on the small screen. 

 Due to the nature of the device, Susan needs to define a set of 

preferences for different input control systems in such a way to allow 

mouse emulation.  

 

 

Figure 7.5: IMS AccLIP Profile (Persona D) 

<?xml version="1.0" encoding="utf-8" ?>  
<accessForAll xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

xmlns:xsd="http://www.w3.org/2001/XMLSchema"> 
<context identifier="Susan" lang="en"> 

<display>…</display> 
 <control> 

  <mouseEmulation> 
    <mouseEmulationGeneric> 
    <device usage="preferred" value="keypad" />  
    <acceleration usage="preferred" value="0.5" />  
    <speed usage="preferred" value="0.5" />  

     </mouseEmulationGeneric> 
    </mouseEmulation> 
  </control> 

<content> 
<alternativesToVisual> 

      <audioDescription usage="preferred" type="expanded" 
lang="fr" />  

            <altTextLang usage="preferred" lang="en" />  
            <longDescriptionLang usage="preferred" lang="en" />  

    </alternativesToVisual> 
  </content> 
  </context> 
  </accessForAll> 
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7.3.5 Persona E: Kinaesthetic Learner 
Catalina is an undergraduate overseas student, currently enrolled on a Business 

Administration course. She comes from Argentina and English is her second 

language. Catalina has mild dyslexia and is a kinaesthetic learner. Kinaesthetic 

learners learn best through a hands-on approach, actively exploring the physical 

world around them and may find it hard to sit still for long periods and may 

become distracted by their need for activity and exploration. Although she does 

not have any specific access needs, she has a number of preferences in terms of 

the structure and presentation of content.  

 

Needs and preferences: 

 Catalina needs to see examples of principles and have visual models of 

what she is learning; she therefore prefers textual content to be replaced 

by visual alternatives whenever that’s possible. 

 She also prefers to be able to change the sequence of a learning object 

and be presented with the activity/example/quiz of the learning resource 

first, before continuing with the theory/explanation part. 

 

In certain cases, such as in the case of Catalina, the learner may prefer alternatives 

to text, which are not auditory in nature. PAL applies the <alternativesToText> 

element of AccLIP to express this, as shown in Figure 7.6 below. 

 
Figure 7.6: IMS AccLIP Profile (Persona D) 

 

<?xml version="1.0" encoding="utf-8" ?>  
<accessForAll xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

xmlns:xsd="http://www.w3.org/2001/XMLSchema"> 
<context identifier="Catalina" lang="en"> 

<display>…</display> 
 <control>…</control> 
<content 

  <alternativesToText> 
    <graphicAlternativeusage="required" value="true" />  
   </alternativesToText>   

     
  </content> 
  </accessForAll> 
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7.4 Designing Adaptable Learning Objects with LOTTI  
For the purpose of this case study, we have used the LOTTI authoring tool to 

develop a range of learning objects that could be adapted to meet the needs and 

preferences of the learners in the profiles that have been created with PAL. Two 

of these learning objects have been particularly chosen for this case study. These 

are typical small, self-contained learning objects that include a range of media 

types (text, audio, video, animation) and can be used to demonstrate the TAS 

adaptation process. They both conform to a learning object design pattern (EASA) 

and have been used by undergraduates as part of various modules to support 

authentic teaching/learning experiences.  
	  

The first reusable learning object is part of a series of learning objects to provide 

an introduction to web accessibility. The Screen Readers learning object used for 

the purpose of this was originally developed using the LOTTI authoring tool by 

the Accessibility Research Centre in order to provide an insight into assistive 

technologies-specifically screen readers.  

 

The second reusable learning object provides basic visual introduction to the 

method for correctly referencing books and accurately formatting references for 

the Harvard System, by showing examples of correct referencing. The particular 

learning object used for the purpose of this study was originally developed by the 

Reusable Learning Objects Centre of Excellence (RLO-CETL) for the design, 

development and use of learning objects. The Referencing Books learning object 

has been disaggregated into its separate components and then re-aggregated with 

additional accessibility enhancements using the LOTTI tool.  

 

7.4.1 Introduction to Screen Readers Learning Object 
The Screen Readers learning object has been designed as part of a suite of 

learning objects to give an insight to the concept of accessibility and assistive 

technologies through the use of examples and has been used by undergraduate 

students as part of an accessibility module at Teesside University. The learning 

object follows the EASA learning pattern (Chapter 4.4) and consists of a title 

page, a concept page, an example page demonstrating a blind expert screen reader 
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using the JAWS software, and a simulation page demonstrating how a 

screenreader interacts with an inaccessible website. 

 

The original learning object, developed with LOTTI is composed of the following 

media content:  

 A video file  

 A series of text files  

 A Flash animation 

 A series of images 

 

The learning object also contains a number of accessibility enhancements: 

 A caption file  

 An audio alternative  to the textual descriptions 

 Textual description for the animation and the image 

 

Screenshots of the learning object are shown in Figure 7.7 and Figure 7.8 

 
Figure 7.7: Screen Readers LO (Example Page: Video) 
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Figure 7.8: Screen Readers LO (Example Page: Animation) 

 

The full set of screenshots for the Screen Readers learning object can be found in 

Appendix D. 

 

7.4.2 Referencing Books Learning Object 
The second learning object used for this case study is the Referencing Books 

learning object which consists of an introductory page, five pages with examples 

and an interactive quiz at the end. The student is interactively taken through the 

stages of accessing the relevant information through to looking at how to include 

the final citation in the reference list, before concluding with a ‘test your 

knowledge’ set of activities.  Screenshots of the learning object are shown in 

Figure 7.9 and Figure 7.10. 
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Figure 7.9: Referencing Books LO (Introduction Page) 

 
 
 

 
Figure 7.10: Referencing Books LO (Example Page) 

 
 

The original learning object is composed of the following media content: 

 

 Animations that illustrate how to properly reference books  

 A set of images  
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 A series of text files 

 A series of interactive Flash animations 

 

The adaptable learning object that has been developed with LOTTI also contains a 

number of accessibility enhancements: 

 

 An audio alternative file for the textual elements, and 

 Textual description of each of the images and animation 

 

The full set of screenshots for the Referencing Books learning object can be found 

in Appendix E. 

 

7.5 Matching the Learner with the Learning Object (Screen 

Readers) 
In order to test the validity and efficacy of the TAS adaptation service, it is 

necessary to demonstrate the adaptation strategy by matching each of the learning 

objects described above with each of the personas created in PAL (Chapter 7.3). 

Table 7.1 below summarises the personas used for this study and their specific 

needs and preferences. 
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Table 7.1: Summary of Personas Created in PAL 
 
Learner 
Profile 

Description Needs and Preferences 

Need for subtitles for video content 

Need for audio content to be substituted with 
graphical or textual content 

 
Persona A 

Hearing 
Impaired 
Learner 

Preference for sign language 

Need for symbols 
Need for onscreen keyboard 

 
Persona B 
 

Motor & 
Cognitive 
Impairments 
Learner Preference for switch as input device 

Need for alternatives to visual content 
Preference for screenreader when at home 

Persona C 
 

Low Vision 
Learner 

Preference for Braille display when on 
campus 
Need for alternatives to video content 
Preference for audio alternatives to video and 
text  

Persona D 
 

Mobile Learner 

Preference for different input control system 
to allow mouse emulation 

Preference for textual content to be replaced 
by visual alternatives 

Persona E 
 

Kinaesthetic 
Learner 

Preference for the sequence of the learning 
object 

 

 

7.5.1 Adaptations for Persona A  
When Persona A requests the Screen Readers learning object, the TAS recognises 

that the user requires captions for video content. The learning object contains a 

video component and the service checks the video's equivalent resources and 

identifies that an equivalent (captions file) exists with alternative to audio 

characteristics, which match the requirements of the user.  

 

During the learning object design process, LOTTI has assigned accessibility 

metadata to the primary video which communicates its modality, attributes to and 
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expresses an equivalent relationship with an alternative resource, in this case, the 

captions as shown in the segment of IMSAccMD in Figure 7.11. 

 

Figure 7.11: IMS AccMD Profile (Captions 1) 

LOTTI has also assigned (Figure 7.12) accessibility metadata to the equivalent 

resource (captions_lo.txt) to communicate its alternative-to-audio properties and a 

primary relationship with the original resource (Jaws Screen_VideoClip.wvx). 

 

Figure 7.12: IMS AccMD Profile (Captions 2) 
 

The metadata in Figure 7.12 describes a supplementary caption file that has a 

reduced reading speed. In other words, this caption file is meant to be used in 

conjunction with the original video to provide real-time, enhanced captioning 

with a reduced reading speed. In terms of the TAS classification of adaptations 

(transformation, augmentation, substitution) discussed in Chapter 4.2, the service 

identifies this adaptation as an augmentation, where the supplementary 

<accessibility xmlns="http://www.imsglobal.org/xsd/accmd"> 
 <resourceDescription> 
  <primary hasText="false" hasVisual="true" hasAudio="true"/> 
  <file href="Jaws Screen_VideoClip.wvx"…> 
  <equivalentResource>captions_lo.txt </equivalentResource> 
  </primary> 
 </resourceDescription> 
</accessibility> 
 

<accessibility xmlns="http://www.imsglobal.org/xsd/accmd"> 
   <resourceDescription> 
  <equivalent supplementary="true"> 
  <primaryResource> captions_lo.txt </primaryResource> 
         <content> 
        <alternativesToVisualxmlns="http://www.imsglobal.org/xsd/acclip"> 
  <captionType xml:lang="en"> 

     <reducedSpeed value="true"/> 
     </captionType>  
         </alternativesToVisual> 
 </content> 
 </equivalent> 
 </resourceDescription> 
</accessibility> 
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component (captions) is added to the existing primary resource (video) to support 

the user. The use of captions supports the primary resource, rather than totally 

replacing it, even if it effectively becomes the primary resource to meet the needs 

of Persona A. 

In order for the TAS service to facilitate the appropriate adaptation to the learning 

object based on the learner’s needs and preferences, it translates the metadata into 

facts and rules, and the logic executed is described in Table 7.2 below.
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Table 7.2: TAS Adaptation metadata logic for captions 

Step Element to examine Test 

IF primary has audio resourceDescription.primary.hasAudio True 

AND learner requests 
captions 

accessForAll.alternativesToAuditory.c
aptionType Exists 

FOR EACH 
equivalent referenced 

resourceDescription.primary.equivalen
tResource (list) 

examine equivalent's 
metadata   

IF equivalent contains 
captions 

resourceDescription.equivalent.conten
t. 
alternativesToAuditory.captionType 

Exists 

IF captions are 
supplementary 

resourceDescription.equivalent.supple
mentary True 

display original and 
equivalent   

ELSE resourceDescription.equivalent.supple
mentary False 

display equivalent   

IF none of the LOs 
have captions 

resourceDescription.equivalent.conten
t. 
alternativesToAuditory.captionType 

Not exist 

query user to display 
original    

 

The AccLIP profile of Persona A also states the user’s preference for sign 

language alternatives, whenever they exist. The TAS therefore, also checks the 

AccMD description of the learning object for sign language alternatives (Table 

7.3).  
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Table 7.3: TAS Adaptation metadata logic for preference for sign language 

Step Element to examine Test 

IF primary has 
audio 

resourceDescription.primary.hasAudio true 

AND learner 
requests sign 
language 

accessForAll.alternativesToAuditory. 
signLanguage exists 

FOR EACH 
equivalent 
referenced 

resourceDescription.primary.equivalentResource (list) 

examine 
equivalent's 
metadata 

  

IF equivalent 
contains sign 
language 

resourceDescription.equivalent.content. 
alternativesToAuditory.signLanguage exists 

AND sign 
language is 
correct 
language 

accessForAll.alternativesToAuditory. 
signLanguage and  
resourceDescription.equivalent.content. 
alternativesToAuditory.signLanguage 

equal 

IF sign 
language is 
supplementary 

resourceDescription.equivalent.supplementary true 

display 
original and 
equivalent 

  

ELSE resourceDescription.equivalent.supplementary false 

display 
equivalent   

IF none of the 
equivalents 
have sign 
language 

resourceDescription.equivalent.content. 
alternativesToAuditory. signLanguage 
 

not 
exist 

query user to 
display 
original  

  

 

If a sign language alternative was available, this would be identified by the TAS 

classification system as a substitution (Chapter 4.2.3). A substitution occurs when 

the primary resource (video) is totally replaced by the alternative resource (sign 

language alternative). In the event where both accessibility enhancements exist 
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(captions and sign language alternative), the TAS service prioritises the check for 

captions as in the learner’s profile (Chapter 7.3.1) the caption usage has been 

expressed as required, before checking for the sign language alternatives, that 

have been expressed as preferred. 

 

After carrying out the appropriate adaptation, the TAS service presents the 

captioned video file to the user as shown in Figure 7.13. 

 
Figure 7.13: Adapted learning object for Persona A 

 

7.5.2 Adaptations for Persona B 
When Persona B requests the Screen Readers learning object, the TAS recognises 

the user’s IMSAccLIP profile declares the need for an on screen keyboard in 

order to access the learning object and for the use of switch as an input device, as 

discussed in Chapter 7.3.2. Nevertheless, these preferences do not involve 

adaptations to the content of the learning object itself, as they describe how the 

learner will interact with the learning resource, hence the service cannot perform 

any adaptations. The user also requires the need for symbols, but at the moment 

AccLIP does not support a means of expressing this need. 
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7.5.3 Adaptations for Persona C 
When Persona C requests the Screen Readers learning object, the TAS identifies 

from the user’s IMSAccLIP profile the requirement for textual alternatives to 

visual modality. The learning object contains a number of visual elements (image 

and animation), therefore the service checks for any equivalent resources to visual 

(Figure 7.14) and identifies that a textual equivalent exists with alternative to 

visual characteristics, which match the requirements of the user (Figure 7.15). 

Figure 7.14: IMS AccMD Profile (Alternatives to visual 1) 

The metadata segment in Figure 7.14 describes that a textual alternative 

(img_TextDescription.txt) exists for the visual element (ImageScreenReader.jpg). 

Figure 7.15: IMS AccMD Profile (Alternatives to visual 2) 

Persona C has two separate profiles to suit different contexts for his learning, a 

home profile (use screen reader) and a classroom profile (Braille display). In the 

case of Persona C, if the screen reader and Braille display are available to him, 

they act as assistive technologies regardless of the learning object, provided that 

<accessibility xmlns ="http://www.imsglobal.org/xsd/accmd"> 
     <resourceDescription> 
            <equivalent supplementary="false"> 

<primaryResource> img_TextDescription.txt                       
</primaryResource> 

    <content> 
     <alternativesToVisualxmlns="http://www.imsglobal.org/xsd/acclip"> 
  <longDescriptionLang xml:lang="en"/>  
     </alternativesToVisual> 
         </content> 
  </equivalent> 
          </resourceDescription> 
</accessibility> 
 
 

<accessibility xmlns ="http://www.imsglobal.org/xsd/accmd"> 
 <resourceDescription> 
 <primary hasText="false" hasVisual="true" hasAudio="false"/> 
 <file href="ImageScreenReader.jpg"…> 
 <equivalentResource> img_TextDescription.txt </equivalentResource> 
 </primary> 
 </resourceDescription> 
</accessibility> 
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visual elements have a text equivalent which can be transformed by the screen 

reader into audio speech or by the Braille device into Braille dots. In other words, 

Persona C needs, for both of his IMSAccLIP profiles, for visual elements to be 

substituted with text. For this reason the TAS service makes the appropriate 

adaptations to the original learning object by applying the logic executed in Table 

7.4.  

Table 7.4: TAS Adaptation Metadata Logic Schema for Text alternatives 

Step Element to examine Test 

IF primary has visual resourceDescription.primary.hasVisual true 

AND  learner requests 
text alternatives to 
visual 

accessForAll.alternativesToVisual exists 

FOR EACH 
equivalent referenced 

resourceDescription.primary.equivalen
tResource (list) 

examine equivalent's 
meta-data 

  

IF equivalent contains 
a long description 

resourceDescription.equivalent.conten
t. 
alternativesToVisual.longDescriptionL
ang 

exists 

display equivalent   

IF none of the LOs 
have long descriptions 

resourceDescription.equivalent.conten
t. 
alternativesToVisual. 
longDescriptionLang 

not exist 

query user to display 
original   

 
 

In terms of the TAS classification, the service identifies this adaptation as a 

transformation, where the existing media component (animation) can be replaced 

by an alternative component (text alternative) using an automated process or tool 

(in this context, screenreader or Braille display). A transformation may occur 

where text is rendered visually by a screen reader, or transformed into a tactile 

form mode using a Braille reader. 
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7.5.4 Adaptations for Persona D  
When Persona D requests the Screen Readers learning object, the TAS recognises 

the need for audio alternatives to visual modality. The service checks for 

equivalent resources (Figure 7.16) to the animation element of the learning object 

and discovers that an audio equivalent exists for the primary resource (Figure 

7.17). 

 

 
 

Figure 7.16: IMS AccMD Profile (Alternatives to text 1) 

 

During the authoring process, LOTTI has assigned an audio alternative 

(JAWS_audiodescr.wav) to the primary resource (E-shopDemo.swf). 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.17: IMS AccLIP Profile (Persona C) 
 
 

Figure 7.17: IMS AccMD Profile (Alternatives to text 2) 

 

In terms of the TAS classification, the service identifies this adaptation as a 

substitution (Chapter 4.2.3), where the primary resource (animation) has to be 

<accessibility xmlns="http://www.imsglobal.org/xsd/accmd"> 
 <resourceDescription> 
  <primary hasText="false" hasVisual="true" hasAudio="false"/> 
  <file href=" E-shopDemo.swf "…> 
  <equivalentResource> 
JAWS_audiodescr.wav</equivalentResource> 
  </primary> 
 </resourceDescription> 
</accessibility> 
 

<accessibility xmlns="http://www.imsglobal.org/xsd/accmd"> 
   <resourceDescription> 
  <equivalent supplementary="true"> 
  <primaryResource> E-shopDemo.swf </primaryResource> 
         <content> 
      <alternativesToVisualxmlns="http://www.imsglobal.org/xsd/acclip"> 
  <audioDescription xml:lang="en"> 
 </audioDescription xml:lang="en">   
         </alternativesToVisual> 
 </content> 
 </equivalent> 
 </resourceDescription> 
</accessibility> 
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totally replaced by its alternative (audio description), in order to support the 

learner in their given context (accessing the learning object on a mobile device). 

In order for the TAS service to arrange the appropriate adaptations to the learning 

object based on the learner’s needs and preferences, it translates the metadata into 

facts and rules and the logic executed is described in Table 7.5. 

 

Table 7.5: TAS Adaptation Metadata Logic Schema for Audio Alternatives 

Step Element to examine Test 

IF primary has 
visual resourceDescription.primary.hasVisual true 

AND learner 
requests audio 
alternatives to 
visual 

accessForAll.alternativesToVisual. 
audioDescription exists 

FOR EACH 
equivalent 
referenced 

resourceDescription.primary.equivalentResource (list) 

examine 
equivalent's meta-
data 

  

IF equivalent 
contains an audio 
description 

resourceDescription.equivalent.content. 
alternativesToVisual. audioDescription exists 

AND audio 
description is 
correct language 

accessForAll.alternativesToVisual. 
audioDescription.lang and 
resourceDescription.equivalent.content. 
alternativesToVisual. audioDescription.lang 

equal 

display equivalent   

IF none of the 
LOs have long 
descriptions 

resourceDescription.equivalent.content. 
alternativesToVisual.audioDescription not exist 

query user to 
display original   
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7.5.5 Adaptations for Persona E  
Persona E needs to see examples of principles and have visual models of what she 

is learning; she therefore prefers textual content to be replaced by visual 

alternatives whenever that’s possible. Her profile also expresses a preference in 

terms of the structure and presentation of content. When Persona E requests the 

Screen Readers learning object, the TAS checks the learning object’s AccMD for 

<alternativesToText> but there are no graphic alternatives available because they 

haven’t been included by the designer during initial authoring. Furthermore, the 

adaptation of the structure of the learning object is not possible as IMSAccMD 

does not describe the internal structure of the learning resource. For this reason, 

the TAS service cannot perform the necessary adaptations to suit the needs and 

preferences of Persona E. 

 

 

7.5.6 Summary of Adaptations of Screen Readers Learning Object  
The aim of this study is to consider the Screen Readers learning object that has 

been aggregated with LOTTI and demonstrate how such a learning object is 

properly adapted based on the requirements of the personas developed through the 

PAL profiling mechanism. Table 7.6 summarises the adaptations to the media 

components of the original learning object and identifies each of these in terms of 

the TAS classification system (Chapter 4.2). 
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Table 7.6: Summary of Adaptations for Screen Readers Learning Object 

Learner 
Profile 

Original Learning 
Object 
Component 

Adapted Learning 
Object Component 

TAS Adaptation 
Classification 

Persona A Video Captions  
 

Augmentation 

Persona B 
 

Images, Video, 
Text, Audio 

No adaptation of 
content available 
Adaptation not 
supported by 
IMSAccLIP 

N/A 

Image Text description 
  

Transformation Persona C 
 

Animation Text description 
 

Transformation 

Persona D 
 

Animation Audio alternatives Substitution  

Text Alternative not 
available  

N/A Persona E 
 

Structure Adaptation not 
supported by 
IMSAccMD 

N/A 

 

7.6 Matching the Learner with the Learning Object (Referencing 

Books) 
 
The adaptation process for the Referencing Books learning object is similar to 

those for the Screen Readers learning object.  A summary of the media is 

presented in Table 7.7, which identifies each of the adaptations that need to be 

carried out to meet the needs of each persona in terms of the TAS classification 

system (Chapter 4.2). 
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Table 7.7: Summary of Adaptations for Referencing Books Learning Object 

Learner 
Profile 

Original Learning 
Object Component 

Adapted Learning 
Object Component 

TAS 
Adaptation 
Classification 

Text 
 

Audio alternative 
 

Substitution 

Animation 
 

Audio alternative 
 

Substitution 

Persona A 

Interactive game 
 

Alternative not 
available 

N/A 

Persona B 
 

Symbols, Input 
control, Onscreen 
keyboard 

Alternative not 
available 
 

 

Animation 
 

Text alternative 
 

Transformation 

Image Text alternative 
 

Substitution 

Persona C 
 

Interactive game 
 

Alternative not 
available 

N/A 

Text 
 

Audio alternative Substitution 

Animation 
 

Audio alternative Substitution 

Persona D 
 

Input control 
 

Adaptation not 
supported by 
IMSAccMD 

N/A 

Text Visual alternative not 
available 

N/A Persona E 
 

Structure Adaptation not 
supported by 
IMSAccMD 

N/A 

 

7.7 Discussion of Findings 
In regards to the implementation of the IMSAccessForAll specification, this study 

has demonstrated how the adaptations are effected for individual profiles. It also 

highlights a number of limitations for both AccLIP and AccMD. It is clear from 

the study that AccMD can only be partially applied to rich media content, as it 

requires that content is managed as unique, atomic components, while rich media 

are, by definition, complex and can be composed of  a number of synchronised 

media resources. This represents a significant limitation, as it is not possible 
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through this specification to specify alternative versions of a single component of 

a rich media resource. 

 

In the example of  Persona D (Chapter 7.3.4), the AccLIP vocabulary defines 

means to describe device control for the iPod, however it provides no way of 

describing device display dimensions or supported media formats. Another 

interesting issue arises from Persona E (Chapter 7.3.5), the kinaesthetic learner. A 

learning style is defined as characteristic strengths and preferences in the ways 

people take in and process information and it determines the unique way of 

learning for each student (Furado, 2008). AccLIP does not specify any provision 

for learning preferences; as a result PAL is not able to express the learner’s 

preferences in terms of learning styles. Nevertheless, in order to make a truly 

adaptable system, learning style preferences need to be taken into account. 

Further work includes implementing the IMS Learner Information Package (IMS 

LIP) specification to provide a framework to define the general learner 

characteristics, such as identification, goals, certification and licenses, and 

acquired competencies, interests, etc. Even though the IMS AccLIP provides an 

analytic information model for representing learner accessibility preferences, 

there are several open issues in respect to the learner accessibility dimension, such 

as including the mapping of assistive technology to learner preferences and the 

translation of learner accessibility preferences to system design requirements, 

highlighted in the example of Persona B (Chapter 7.3.2) where the learner 

requires the use of symbols. 

 

The summary of learning object adaptations discussed in Table 7.6 and Table 7.7 

illustrate that in the cases where the TAS could not perform the necessary 

adaptations, this was either due to the alternative components not having been 

included in initial authoring or due to the limitations of the IMSAccessForAll 

specification.  

 

The results of this case study also demonstrate that the TAS classification system 

(Chapter 4.3), that has been used to categorise the possible adaptations to the 

learning object (transformation, augmentation, substitution), is irrelevant to the 

learning resource developer or the learner. Nevertheless, the adaptations 
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classification is important in terms of the TAS service, in determining the 

appropriate adaptations, in the event where there are more than one valid 

alternative to a primary resource. 

 

7.8 Limitations of the Case Study 
Although the results obtained from a real experimental assessment of the TAS 

service and its separate components confirm the viability of our adaptation 

approach, two obvious limitations to this part of the research arise from the case 

study. Firstly the size of the sample (two learning objects) is small in relation to 

the breadth of the research topic, therefore an evident extension to this work 

would be the replication of the study with a larger number of personas, greater 

number of learning objects and wider range of accessibility enhancements. 

However, the literature on sample sizes in usability studies has focused on the 

likelihood that a problem will be found even with a small sample size of users 

involved (Medlock et al., 2002). More specifically, literature suggests that five 

users will uncover approximately 80% of problems in a user interface (Nielsen, 

2000; Lewis 1991; Virizi, 1992). For this reason, we have applied the use of five 

personas to test the functionality of our adaptation system. 

 

Another limitation of this case study is the lack of data from participants using 

both the PAL and the LOTTI tool. Although the aim of the study was to 

demonstrate the efficacy of our adaptation approach by matching different 

personas with a diverse range of access needs and preferences against learning 

objects composed of a variety of media components, it might be interesting to 

confirm our results and the efficiency of the tools with real learners using PAL to 

create profiles and LOTTI to aggregate learning objects. Nevertheless, the use of 

personas was preferred for the purpose of this case study, in order to avoid the 

ethical considerations of using real users in a learning situation.  

 

7.9 Conclusions 
This chapter has tested the concept of the TAS adaptation service by providing a 

platform for experimentation with realistic examples of learner profiles and 

learning objects that demonstrate the functionality of our adaptation approach and 
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stand-alone tools. In a specific use case, this chapter explored the match between 

a learner and a learning object in order to assess the effectiveness of the two 

separate components of TAS, the profiling mechanism (PAL) and the learning 

object authoring tool (LOTTI). This chapter demonstrated the adaptation 

approach of the TAS service based on a trial application of its internal 

components. This case study has showcased how adaptations can be applied to a 

learning object in order for it to be delivered to suit the needs of various learners 

and demonstrated our implementation of the IMSAccessForAll specification. 

 

The next chapter revisits the original thesis in order to examine the extent to 

which the aims of this research have been achieved and concludes the thesis by 

highlighting its contributions and discussing limitations and future research 

directions.
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Chapter 8 

Conclusions and Future Developments  
 

8.1 Introduction 
 
The fundamental aim of this research is to offer an alternative perspective on 

accessible learning and to explore a research foundation that supports the 

adaptation of learning content to meet the diverse needs of learners. This work 

supports and extends the current personalised educational landscape by 

suggesting an adaptation approach that responds flexibly to learner needs and 

shapes new learning environments, pedagogies, tools and media for learning. In 

order to address the need for flexibility, we have developed an adaptation service 

alongside a profiling mechanism and a learning object authoring tool that can 

provide an accessible match between the learners’ needs and the learning object’s 

capabilities. To facilitate implementation and provide a consistent interoperable 

scheme, this work has implemented the IMSAccessForAll specification to support 

a common vocabulary to deliver a solution that matches the user's needs. A case 

study (Chapter 7) to demonstrate how learning objects developed in LOTTI can 

be adapted by the TAS service to suit the diverse needs of a number of learners 

that have been expressed in PAL, has raised a number of issues which provide 

possibilities for further investigation.  

 
This final chapter revisits the main aims and objectives of the work as stated in 

Chapter 1 and discusses the findings of the case study conducted in the course of 

this research. We consider the limitations of the work and the difficulties 

encountered and suggest how this work could progress further. This chapter 

explores in more detail the possible future research and development directions, 

starting with extending and refining each separate component of the TAS service 

and concluding with a discussion of the vision for an adaptable personal learning 

environment that is responsive to an individual learner’s needs or preferences and 

to the environment in which they are working.  
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8.2 Addressing the research question and hypotheses 
The aim of this work is to respond to the challenges for adaptability, by 

suggesting a learning object adaptation service, which allows for flexibility and 

personalisation to learners’ needs and preferences. The research question this 

thesis addresses is: 

 

Can a learning object adaptation service provide an accessible 

relationship between the learner and the learning resource, by a process 

of matching the description of a user’s control, display and content 

needs and preferences with a description of the components of the 

learning object itself? 

 

Establishing support for this thesis lead to the proposal of three hypotheses 

(Chapter 1.4): 

 
 It is possible to develop an authoring tool that employs a standards-based 

approach to create adaptable learning objects from aggregations of media 

components. 

 It is possible to create a profiling mechanism that uses a standards-based 

approach to collect, record and extract the learner’s preferences in relation 

to accessibility constraints. 

 A transformation, augmentation and substitution (TAS) adaptation service 

can map the learners’ profile requirements against the learning objects 

features, by matching IMSAccLIP and IMSAccMD metadata to form an 

accessible relationship between the user and the learning object.  

 

Figure 8.1 presents the research design methodology that was applied in this work 

as it was introduced in Chapter 1.1, and highlights the different parts of the 

process that addressed the central research question (RQ) and proved the 

hypotheses (H1, H2, H3). 
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Figure 8.1: Research Methodology Addressing Research Questions 

 
 

H1: It is possible to develop an authoring tool that employs a standards-

based approach to create adaptable learning objects from aggregations of 

media components. 

 

To prove this hypothesis the requirements specification for the design of reusable, 

adaptable and retrievable learning objects was established through the case study 

described in Chapter 4 (Figure 8.1, Step 3). The results of that first study (Chapter 

4.3) provided a systematic way of classifying learning object adaptations 

encapsulated in the Transformation Augmentation and Substitution (TAS) 

Service. This classification was then translated into the design and development 

of the Learning Objects Tutor Tools Interface (LOTTI) prototype authoring tool 

(Chapter 6.5). A second case study has been undertaken (Figure 8.1, Step 7) to 

validate this hypothesis and its results have demonstrated the efficacy of the 

authoring tool in the design and appropriate labelling of learning objects and their 

alternative components based on the use of pedagogical design. LOTTI offers an 

innovative approach to inclusive and adaptable design, by suggesting a solution 

that is based on the principle that learning content can be generated from 

adaptable aggregations of learning objects and media components. During the 

learning object aggregation process, LOTTI defines the modality of the original 

media component as auditory, visual, textual, tactile information, or a 

combination thereof and uses an accessibility wizard that prompts the designer to 
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assign an alternative component, by outlining the limitations of the media type 

and suggesting a number of predefined alternatives to the that type of content. As 

a result it allows the creation of learning objects with a number of adaptability 

enhancements that are automatically labelled as alternative to the primary 

resource. 

 

H2: It is possible to create a profiling mechanism that uses a standards-based 

approach to collect, record and extract the learner’s preferences in relation to 

accessibility constraints. 

 

This thesis asserts that part of solution to providing an accessible relationship 

between the learner and the learning resource involves the expression of the 

learner’s profile of needs and preferences in a machine readable format (Figure 

8.1 Step 2 of the research design methodology). In order to prove this hypothesis, 

we have designed and developed a profiling tool, Profile for Adaptable Learning 

(PAL), that implements the IMSAccLIP specification to accurately model the 

learner in terms of his/her access needs, style preferences, selection and display of 

content etc. The prototype of the PAL tool has been successfully tested (Figure 

8.1, Step 7) against a number of personas (Chapter 7.3) and the results of the 

study have proven the validity of Hypothesis Two by demonstrating the efficacy 

of the profiling approach and the effectiveness of the IMSAccLIP specification to 

model the user.  

 

H3: A transformation, augmentation and substitution (TAS) adaptation service 

can map the learners’ profiles requirements against the learning objects features, 

to form an accessible relationship between the user and the learning object.  

 
The second phase of the case study (Chapter 7.5) proves this hypothesis.  A trial 

application of the internal components of the TAS service demonstrated how 

adaptations can be applied to a learning object in order for it to be delivered to 

suit the needs of a range of learners. In particular, the aim was to consider the 

multimedia learning objects developed with the LOTTI authoring tool and 

demonstrate how such learning objects are properly adapted based on the specific 

learner profiles of needs and preferences that have been developed through the 
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PAL profiling mechanism. The results of this study elucidate the adaptation 

process and the decisions that need to be applied within the TAS service and 

demonstrate the potential of the service and our approach as a whole.  

 

8.3 Revisiting the aims of the research 
Here the research objectives are restated and the extent to which they have been 

addressed are discussed in turn: 

 

 Investigate the design requirements for a learning object to fulfil not 

only the requirements for reuse but also the educational need for 

tailored and adaptable learning. 

 

The first objective has been achieved by an extensive literature review into the 

fields of learning object design research and also that of reusability (Chapter 2). 

The literature review findings were also supported by the results of a case study 

that discussed the adaptation of a learning object to be delivered in different 

medium (Chapter 4). The results have led to the design requirements for 

adaptability and reusability and the classification of possible learning object 

adaptations.   

 

 Design and develop an authoring tool that supports the creation of 

pedagogically rich learning objects, with the aid of learning design 

patterns, allowing the designer to create and appropriately label 

retrievable, reusable and adaptable learning objects. 

 

The second objective was a key feature of this research throughout; it was 

embedded in the literature review (Chapter 3) and it was also the focal point of 

the learning object adaptation case study (Chapter 4). The results of that case 

study have supported the specification of the design requirements for the 

authoring tool, and the development of LOTTI has been documented in detail in 

Chapter 6.  
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 Design and develop a profiling mechanism that extracts profile data on 

the needs and preferences of the learner and explores and utilises the 

existing XML-based accessibility metadata standards to describe the 

learners in terms of their needs and preferences and the learning 

resource in terms of its components. 

 

The third objective has been achieved by the design of the PAL profiling tool as 

documented in Chapter 6. The findings of a case study has demonstrated that the 

PAL can effectively accommodate learner profiles related to accessibility and 

provided an in-depth discussion and analysis of the capabilities and limitations of 

the XML-based IMSAccessForAll specifications in terms of describing the 

resource and the learner (Chapter 7). 

 

 Design an adaptation system that performs a series of adaptations in 

order to provide a match between the learner’s needs and the 

resource’s capabilities.  

 

The fourth objective has been realised through the design of the TAS service and 

its internal components (Chapter 5). A detailed model of the service, alongside 

the documentation of the adaptation approach adopted and an in-depth discussion 

of the implementation of IMSAccessForAll specification has been addressed, in 

order to elucidate the concept and functionality of the adaptation service. 

 

 Test the functionality, assess the efficacy and discuss the potential and 

limitations of the TAS adaptation service and its separate components. 

 

The fifth objective has been realised through the validation of the TAS service 

and its two external components: the PAL profiling tool and the LOTTI authoring 

tool, through a two-phase case study. The first phase demonstrated the 

effectiveness of the two separate components of TAS; the profiling mechanism 

(PAL) and the learning object authoring tool (LOTTI). This was achieved by 

providing a platform for experimentation with realistic examples of learner 

profiles and learning objects that have the potential to demonstrate the benefits of 

our approach and the individual tools. The second phase addressed the TAS 
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service by conducting a small trial application of the internal components of the 

TAS service, to demonstrate how adaptations can be applied to a learning object 

in order for it to be delivered to suit the needs of various learners. The case study 

findings have highlighted the effectiveness of the TAS adaptation service in 

adapting a learning object to suit a wide range of learner profiles and provided an 

in-depth discussion of the potential of the service as a whole and the limitations of 

the standards-based approach that has been adopted.  

 

8.4 Contributions to the Field 
The major contribution of this work has been to demonstrate that if learning 

objects are authored with adaptability enhancements that can be expressed using 

IMSAccMD and learners’ profile of access needs and preferences can be recorded 

in a format that can be expressed using IMSAccLIP, a match can be affected 

between them by utilising the TAS service to provide the learner with a learning 

object adapted to their specific needs. 

 

This thesis contributes to the understanding of e-learning accessibility standards 

through the implementation and critical review of the IMSAccessForAll 

specification. It is clear from existing literature that implementations of the 

IMSAccessForAll are limited and that empirical evaluations of this specification 

are not widely practiced. The results of this work and our approach to the 

implementation of the IMSAccLIP and IMSAccMD contribute to the wider 

practical debates surrounding learning object adaptability and personalisation by 

facilitating understanding of the specifications and stimulating discussion in the 

field of technical standards for accessibility metadata. 

 

This research contributes to knowledge in the field of pedagogically focused 
accessible e-learning through our approach to supporting academics in authoring 
adaptable and accessible learning objects. There is a tendency in e-learning to 
focus on curriculum and content design and delivery mechanisms, rather than the 
overall design of the learning experience itself (Stiles, 2002). This is important for 
accessibility specifically, because it focuses on narrow, technical compliance 
issues at the expense of a more holistic understanding of learning support. This 
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research acknowledges the difficulty of designing accessible learning materials 
and our approach moves away from the notion that e-learning accessibility should 
be reduced to tick-box, or just a technical standard ‘to be complied with’. 
Standards compliant learning material does not necessarily mean accessible 
material – and even more than that, it certainly does not guarantee a good learning 
experience (Rainger, 2003). Inclusive design is a complex task that should also 
involve an incorporation of principles of learner-centred design and inclusive 
learning and teaching. For this reason we employ an innovative approach to the 
authoring of learning content by enriching, enhancing and formalising learning 
patterns in order to develop not only pedagogically effective, reusable but 
adaptable learning objects. The unique aspect of LOTTI is that it includes an 
accessibility wizard that allows for the easy creation of learning objects with 
adaptability enhancements that are automatically labeled with metadata to better 
meet the needs of a diverse range of learners. By adopting a standards-based 
authoring approach for the design of adaptable, retrievable and reusable learning 
objects, this work provides academics with limited programming expertise with 
an approach that facilitates the creation of adaptable e-learning material. 

 
The innovative contribution of this research is also represented by a number of 

publications validated by peer review (Appendix A). The key areas of the work 

(the approach to adaptation within the TAS service, LOTTI, PAL and the results 

of both case studies) have been presented at significant conferences in the field of 

adaptability and e-learning and published in relevant journals.  

 

8.5 Future Work on the TAS Service  
The TAS system provides a unique method of matching the learner’s needs to the 

learning object’s capabilities and offers an alternative perspective on the 

accessibility of learning resources (Chapter 5). The TAS service aims to deliver 

learning content that is useful to and accessible to all in whatever delivery context 

or environment the learner may be. The work for this thesis has involved the 

design of the internal components of the service and the implementation of 

prototypes of its external components: PAL (Chapter 6.3) and LOTTI (Chapter 
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6.5). Building on the results of the case study (Chapter 7), there are several 

aspects of the TAS service that merit further investigation. 

 
 

8.5.1. Refining the Profiling Tool (PAL) 
The case study discussed in Chapter 7.7 demonstrated the effectiveness of the 

PAL tool and the IMSAccLIP in providing a means of describing a wide range of 

learners’ access needs and preferences. Nevertheless, the cases of Persona D 

(mobile learner) and Persona E (kinaesthetic learner) have highlighted the fact 

that the IMS standards specifications do not cater (nor were they designed to) for 

expressing learning styles nor for the choice of delivery device (Chapter 7.3.6). 

For this reason, further work on PAL includes an exhaustive and fully supported 

profiling solution that accommodates learning styles, access needs and device 

capabilities as shown in Figure 8.2. 

 

 
 

Figure 8.2: Extending the Learner Profile in PAL 
 

The growing fusion of mobile devices with Internet access features has improved 

the flexibility of learning allowing for an ‘any place, any time, and with any 

device’ ubiquitous learning environment (Zhao & Okamoto, 2008). Nevertheless 

much of the existing rich multimedia content cannot be handled by mobile client 

devices with limited communication, processing, storage and display capabilities 

(Wagner & Kellerer, 2004). It is evident from the results of the case study, that 

the TAS service cannot perform the necessary adaptations for Persona D (the 

mobile learner), as AccLIP does not allow for expressing device capabilities. 
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Consequently, when delivering learning objects to mobile learners, it is necessary 

to suit the characteristics of not only the learner, but also the client device used. In 

terms of devices profiles, a number of standards have been proposed by the IMS 

Global Learning Consortium, the World Wide Web Consortium (W3C), and Open 

Mobile Alliance (OMA) Profile Data, but a whole and fully supported solution 

does not yet exist. The most prominent one discussed in current literature are 

mainly based on RDF (Resource Description Framework) profiles, such as the 

Composite Capabilities/Preference Profile (CC/PP). These are two related 

standards that allow client devices to inform servers of their capabilities. CC/PP 

provides a standard way for devices to transmit their profiles when requesting 

web content. Servers and proxies can then provide an adapted content, which is 

appropriate to the connected device. Nevertheless a CC/PP profile does not 

provide a standard vocabulary for web clients to communicate their capabilities to 

servers and does not describe the type of adaptation methods that servers should 

perform on behalf of devices according to their capabilities. Future work on PAL 

proposes an extension to the CC/PP ontology to assist content adaptation in 

context-aware systems describing not only the static and dynamic characteristics 

of mobile devices but also the conditions that trigger predefined adaptations. 

 

Further work on the PAL tool also includes providing a means for 

accommodating learning styles, such as the characteristics, strengths and 

preferences in the ways people take in and process information. As discussed in 

Chapter 7.3.5 in the case of Persona E (kinaesthetic learner), PAL could not 

express the learner’s profile, as AccLIP does not specify any provision for 

learning preferences. Implementing the IMS Learner Information Package (IMS 

LIP) would provide a framework to define the general learner characteristics, 

(identification, goals, certification and licenses, and acquired competencies, 

interests, etc.). This would strengthen the capacity for PAL to build a rich 

learner’s profile. 

 

8.5.2 Extending the Learning Object Authoring Tool (LOTTI) 
This research has responded to a challenging topic in computer-based education, 

by developing an authoring tool (LOTTI) that supports the creation of learning 
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objects that, on one hand, are based on pedagogical learning design patterns, and 

on the other, guarantee their reusability, exchangeability and adaptability. At the 

moment, LOTTI only accepts a limited type of media files, allowing the academic 

to manage a wider set of rich media would extend its functionality and therefore 

its usefulness. Future development on LOTTI also involves expanding the library 

of learning design patterns available for the design of learning objects, and 

developing a mechanism that will allow the academic to import learning patterns 

from learning repositories. 

 

Another important issue, which has yet to be resolved, is exploring who is 

responsible for the substitution or augmentation service. It might be reasonable to 

expect a tutor employing a short video element to provide a transcript, but we 

acknowledge that if a user profile expresses a preference, for example, for British 

Sign Language, it is unlikely that this service would be provided by that tutor. It is 

therefore apparent that the provision of the TAS adaptation service needs to be a 

collaborative venture, with additional components or alternative learning patterns 

provided by those with the skills to do so. In essence, this can lead to the creation 

of a wide range of additional or alternative learning objects; some of which may 

be considered true alternate resources, and others as virtual objects in that they 

may have no physical existence but are supplied on-demand through 

transformations and advanced searches in response to a new profile of needs and 

preferences (Green et al., 2006). For this reason, another aspect of future work 

involves extending the TAS service so it can deal with the aggregation of learning 

components that have not been created at the design process and come from 

various locations, such as learning repositories and embedding a number of web 

services to locally accomplish specific adaptations.  

 

8.5.3 Further Development Work on the TAS Service 
The work described in this thesis in terms of the TAS service and the 

development of the LOTTI and PAL tools, involves the implementation of the 

IMSAccessForAll version1.0. During the course of this work, an ISO FDIS 24751 

version of the standard (2008) has been proposed and future work includes 

implementing the IMSAccessForAll2.0 when it becomes available. The ISO 
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equivalent for IMSAccMD is the Digital Resource Description (DRD) and the 

equivalent for IMSAccLIP is Personal Needs and Preferences (PNP). Where IMS 

defines primary, and secondary or alternate resources, ISO defines original 

resources and adapted resources. The IMS specification refers to content types, as 

visual, auditory, textual, while the ISO standard refers to access modes as visual, 

auditory, and textual (as well as tactile and olfactory); the IMS defines 

characteristics of the content, while the  ISO  defines the senses through which 

content is accessed. The summary of the major differences between 

IMSAccessFor All 1.0 and 2.0 are illustrated in Table 8.1. 

 

 
Table 8.1: Differences between IMSAccessForAll and ISO 24751 

IMSAccessForAll ISO FDIS 24751 

 
IMS AccMD Digital Resource Description (DRD) 

IMSAccLIP Personal Needs and Preferences (PNP) 

Primary, secondary or alternate 

resources 

Original and adapted resources 

Defines characteristics of 

content 

Defines senses through which content is 

accessed 

 

 

Conversations with key members of the Accessibility standards working groups 

have indicated that the AccessForAll 2.0 is taking quite a different approach to the 

current model of 1.0. Many of the weaknesses in IMSAccMD and IMSAccLIP 

are being addressed and we believe that declarative and logic-based languages 

will map much more easily to the new standards. Nevertheless, we anticipate that 

only minor changes will be needed to implement the new IMS standard as the ISO 

standard follows a similar approach to adaptation of content. 

 

Further development of the TAS service also includes the implementation of the 

decision maker component of the adaptation unit. This component will be a rule 

based engine and would provide a simple way of taking AI decisions for rules that 

will decide whether an equivalent component is valid.  
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Another interesting development would be an exploration of methods for the 

service to allow not only for content adaptation but for the adaptation of the 

underlying learning object pattern. In certain cases, stated needs or preferences 

may also require a substitute learning pattern, for example, to suit a learner’s 

particular learning style, such as in the case of the kinaesthetic learner in Persona 

E (Chapter 7.5.1). The learning object can then be recreated from its constituent 

components but employing an alternate pattern. This will involve exploring 

methods of adapting a learning object by complete re-aggregation based on an 

alternative learning pattern or range of sensory modalities while maintaining its 

coherence and pedagogic integrity.  

.  

8.6 The Role of the TAS Adaptation Service Within a Learning 
Environment 
 
This work sets the foundations for the development of adaptable and personalised 

learning environments that are responsive to an individual learner’s needs or 

preferences and provide a learning experience which adapts to their needs and 

preferences, regardless of any disabilities they may have or the context in which 

they are working. Virtual learning environments (VLEs) are online systems that 

provide collaborative interaction between tutors and students, and between 

students and peers, while also providing asynchronous learning resources for 

individualised use by students at any time (TechDis, 2002) and have become   

pervasive in Higher Education. The ‘traditional’ Virtual Learning Environment 

(VLE) or Learning Management System (LMS) has, over the past ten years, 

become an accepted part of e-learning provision for most Further and Higher 

Education institutions in developed economies.  The widespread uptake of such 

institutional systems has increased opportunities for students to access learning 

support and opportunities outside of the traditional classroom or lecture theatres; 

nevertheless drawbacks to these systems have become increasingly apparent to 

tutors and students. 
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8.6.1 Accessibility of current VLEs 
The accessibility issues regarding current VLEs are mainly centred on their 

rigidity in imposing a ‘one size fits all’ approach that may be effective to manage 

but limits choice, engagement and pedagogical freedom. Accessibility experts and 

learning environment developers at the Open University (Cooper, 2006) set out 

the following requirements for an accessible learning environment.  

 

 Allow for user customisation 

 Use different ways of presenting information in an interface 

 Provide equivalents for visual and auditory content and interface 

elements 

 Provide compatibility with assistive technologies 

 Allow access to all functionality from keyboard alone 

 Provide context and orientation information 

 

A number of studies that have highlighted the accessibility problems of VLEs 

(Pearson & Koppi, 2001, Neumann, 2001, Dunn, 2003). A recent study released 

by the American Foundation for the Blind (2008), highlighted that the most 

important and necessary features of online educational systems present significant 

problems for assistive technology learners. The results reveal that nearly one third 

of respondents who used assistive technology to access online educational tools 

(including Blackboard, Web CT, Moodle, Desire2Learn etc.) reported the 

experience as unreliable/inconsistent or no successful use/access.  Blackboard has 

also been tested by the National Federation of the Blind (2010) in order to 

investigate the accessibility barriers blind learners encounter. Graf and List (2005) 

have conducted an evaluation of open source e-learning platforms with the main 

focus on adaptation issues that they define as adaptability, personalisation, 

extensibility and adaptivity of the platforms and the results have highlighted that 

adaptation receives very little coverage in current e-learning platforms. 

Furthermore, literature reveals that current VLEs do not offer support for learners 

with severe disabilities or learning difficulties that have very limited access to 

appropriate learning resources, and remain largely inaccessible to those with 

physical disabilities, to those with low literacy levels (Harrison et al., 2008), or to 
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students with very particular requirements that go beyond and sometimes conflict 

with accepted standards. 

8.6.2 A Proposal for an Adaptable Personal Learning 

Environment (APLE) 
The arrival of Web 2.0 has brought possibilities and expectations of flexibility 

and personalisation of learning that highlight the rigidity and limitations of the 

VLE, and has given rise to the evolution of such systems into the concept of a 

Personal Learning Environment (PLE) (Pearson et al., 2004). A PLE may be 

described as a learning environment that allows the learner to select his or her 

own components. The Joint Information Systems Committee (JISC) (JISC, 2005) 

describe a Personal Learning Environment as one that replaces some or all of the 

tools of a standard VLE with tools that are personal to the learner and integrated 

with the student’s own personal systems and tools. The interface and tools are not 

designated by the institutional VLE; instead they are the personal choice of the 

learner. 

 

In parallel to these efforts, this research contributes to extending the concept of 

Personal Learning Environments, by proposing a system that, in addition to the 

personal choice of systems and tools, is also adaptable to the needs and 

preferences of the individual learner, and to the environment in which they are 

working. Our work on the TAS adaptation service moves the concept of VLEs 

further away from the notion of monolithic and rigid learning environments to 

systems that are personalisable and customisable by learners towards adding the 

concept of adaptability as defined by the IMS AccessForAll specifications 

(Chapter 3.5.1). For this reason, we define an Adaptable Personal Learning 

Environment (APLE) that would facilitate participation by all students including 

those with disabilities for whom access may currently be difficult or impossible.  

 

Although existing personal learning environments consider the concepts of 

personal choice (Pearson et al., 2008), no specific account has been taken of the 

work on adaptability by the IMSAccessForAll group.  One way of achieving an 

APLE is to extend the concept of the proposed TAS service to deal with the 

features of the learning environment as well as the content, and then to embed the 
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adaptation service within the APLE. The aim is to provide a more pragmatic, 

adaptable and ultimately accessible learning environment by extending its 

accessibility by adapting both content and functions to the needs and preferences 

of our users. Taken together with current research on the creation of adaptable 

learning objects (LOTTI), the personal profile tool (PAL), and further 

investigation of standards for interoperability, future work includes the 

development of a framework for an APLE that aims to redefine the term 

‘universal accessibility’ requirements, and to equally address the preferences of 

any Web 2.0 generation learner.  

 

 
Figure 8.3: The APLE Framework 

 
 
The work discussed in this thesis has provided the content adaptation part of the 

APLE (Figure 8.3), by demonstrating the valuable contribution of the TAS 

service in providing learning content that is adapted to suit the needs of the 

learner. The PAL tool effectively accommodates learner profiles related to 

accessibility and the LOTTI tool allows for the authoring of adaptable content, 

providing  the two important sides to matching the learner’s needs with the 

learning  resource’s capabilities. Nevertheless, an adaptable PLE should integrate 

both content and tools and allow for all content, tools and interfaces and every 

aspect of presentation, layout and operation to become a selection or adaptation of 

an available component (Green et al., 2008).  An important aspect of an APLE is 
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also the idea that it is to be designed and developed by a community of e-learning 

professionals, researchers, tutors and learners as an open source personal 

environment.  

 

8.7 Concluding Remarks 
In education, accommodating learners who are marginalised by traditional 

education delivery continues to expand the boundaries of the domain and inspire 

new strategies and practices that benefit all learners (Treviranus & Roberts, 

2006). Disability is a relative and therefore constantly shifting state; a learner 

using a wheelchair is not disabled in a lecture setting with an accessible lecture 

hall. In a learning environment disability can be defined as a mismatch between 

the needs of the learner and the education offered. These learners require a greater 

degree of configurability than current VLEs provide, alternative means of 

communication and interaction, and for some students with particular disabilities, 

specialist learning materials to enable them to achieve even basic skills. For this 

reason, future work will include an investigation of the role and potential of the 

TAS service as a whole within the APLE learning environment. 
 
This research opens the way for adaptable and personalised learning systems, 

which are responsive to an individual learner’s needs or preferences and provide a 

learning experience, which adapts to their needs and preferences, regardless of 

any disabilities they may have or the context in which they are working. This 

work complements the major areas of research at the Accessibility Research 

Centre at Teesside University such as the development of adaptive, symbols based 

VLE with students with severe disabilities and self-adapting interfaces for mobile 

devices. Central to all of these research areas is the concept of extending learning 

environments with adaptability and this work represents one step closer to the 

realisation of a development framework for a personalised and adaptable learning 

environment. 

 

It is apparent that even though the current accessibility metadata standards are not 

ideal, are limited in their application and not easy to understand, they are a 

workable solution to the problem of making e-learning content, context and 
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environments accessible to most if not all. The work presented in this thesis in 

regards to the TAS adaptation service, the profiling tool (PAL) and the authoring 

tool (LOTTI), provides the important groundwork for exploring the concept of 

truly adaptable personal learning environment and accessible e-learning content. 
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Appendix B: Screenshots of the While Loops LO  

 

 
While Loop vodcast: Page 1 

 

 
While Loop vodcast: Page 2 
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While Loop vodcast: Page 3 

 

 
While Loop vodcast: Page 4 
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Appendix C: Learning Vodcast Evaluation Questionnaire 
The learning vodcast you are about to view was designed for First Year Java 

Programming students for use on a Personal Digital Assistant (PDA). We have 

adapted this for use on a portable media player and we are evaluating the 

appropriateness and effectiveness of it. 

 

We would like you to view the entire vodcast and answer some questions about 

your experience of it. To watch the vodcast, navigate to the ‘Videos’ menu, select 

the ‘Movies’ submenu and view the movie entitled ‘While Loop with Captions’. 

Use the grey scroll wheel to move through the menu and use the centre button to 

select. 

 
 

Questionnaire 
 
1.) Have you previously used  

 An mp3 player    

 A video mp3 player  

 
 
2.) Did you have any problems accessing the vodcast? 
 
 
 
 
 
 
 
 
 
3.) Did you have any problems viewing the vodcast? 
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4.) What was your general impression of it? 
 

 
 
 
5.) Would you be likely to use this to support your learning? 
 

 
 
 

6.) In what way would you find it most useful to use?  

 As part of revision 

 As part of weekly learning material 

 As part of your independent learning 

 As a supplement to the lecture 

 
 
7.) Did you have any difficulty using the device? 
 

 
 
 
8.) Do you think this type of material is appropriate for use on such devices? 
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Appendix D: Screenshots of the Screen Reader LO 

 
Screen Reader Learning Object (Title Page) 

 

 

 
Screen Reader Learning Object (Introduction Page) 
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Screen Reader Learning Object (Example Page) 

 

 
Screen Reader Learning Object (Simulation Page 1) 
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Screen Reader Learning Object (Simulation Page 2) 
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Appendix E: Screenshots of the Referencing Books LO 

 

 
Screen Reader Learning Object (Title Page) 

 
Screen Reader Learning Object (Introduction Page) 
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Screen Reader Learning Object (Concept Page) 

 

 

 
Screen Reader Learning Object (Example Page 1) 
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Screen Reader Learning Object (Example Page 2) 

 

 

 
Screen Reader Learning Object (Example Page 3) 
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Screen Reader Learning Object (Example Page 4) 

 

 

 

 
Screen Reader Learning Object (Test Page) 

 


