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Introduction

This paper examines how elearning offers new potential for inclusivity in relation to neurodiversity. It looks at how the proliferation of multimodal technologies and multimedia content has given rise to new literacies. We will examine how this could increase opportunities for learners to participate with a different blend of skills. We will also see that it is essential to view a learner’s needs in the context of their studies and to encourage them to develop an awareness of how they learn. Furthermore, we will see how this approach can be maximised by harnessing the multisensory possibilities of elearning. 

A brave new multimodal world

How are new multimodal technologies changing the way that we individually use new technologies? Are they really making a difference to communication and learning? Nowadays we are bombarded by new gadgets and media in every aspect of our lives. In the wider Information technology market, phones with 3G video communication and MP3 players have been designed to carry visual, auditory and interactive content. There are also new forms of content such as Pod casts, video and audio recordings. Gaming culture offers increased interactivity and promotes different ways of learning and understanding information. The internet itself is evolving into a vast repository of knowledge and at the same time a new virtual learning experience. An example is Second Life, a vast interactive 3-D virtual world, which is being designed and built by residents of the site. Second Life has ‘avatars’, virtual characters or selves that experience cyberspace in different sensory ways. We can see that “Elearning is blurring the barriers between the “physical stuff” of learning, and the cyber experience” (Lankshear and Knoble); although, there is also tremendous danger with the inappropriate use of technology shown by the rise of gaming addiction.
The gaming industry is now including more educational materials in video games and making them available online. Nintendo DS Gameboy, which recently released a brain training game called ’Brain Age’, uses a mini touch screen so that a player can work rapidly, inputting answers to maths and memory puzzles and gaining immediate feedback via auditory and visual cues. This type of interactive learning engages the imagination and makes learning a fun activity. ICT is also having an impact on education as a whole range of technologies are now being incorporated into educational projects. BECTA, JISC, LLU+ and the London Knowledge lab are among a range of ICT professional organisations that are examining the impact of new technologies and encouraging their use. 
Some multimodal technologies are becoming ubiquitous and are changing our everyday lives.  Perhaps the greatest revolution is in the use of visual tactile technologies in the retail industry, with the now widescale use of touch screen technologies. A touch screen console changes the way that all transactions can be made by making screen based activities a kinaesthetic experience. Touch panels can be designed around a task using different interactive displays.  It is interesting to see how people have adapted to these technologies, and the speed with which many checkout operators appear to work, moving through different display screens and calculating orders with their fingers. A visual template can be customised to suit business requirements and it is crucial that employees are comfortable about using these technologies since they form new work based literacies. 
In some ways, education is slow to match industry in its adoption of new technologies. You are more likely to see PDA’s used in your local restaurant when ordering food than to see them used in the classroom; although teachers are increasingly aware that differentiating their teaching is crucial for their learners and new technologies can help in this process.

The learning support field has been incorporating new technologies into teaching for sometime and multimodal technologies have evolved alongside assistive technology design.  Assistive technologies aim to "accommodate for physical disabilities and cognitive differences by assisting students in comprehending and manipulating written language" (Hecker and Engstrom).  In their article ‘Assistive Technology and Individuals with Dyslexia’, Hecker and Engstrom, explore how assistive technologies can be used for learning support. They explore how to combine them with learning strategies to support reading using text-to-speech software, with writing using word-processing, voice recognition, and visual mapping software. They also look at how study skills can be developed through the combined use of technologies and metacognitive strategies.
Furthermore, assistive technologies have a wider application, being invaluable when they develop general literacy skills.  However, to be of any real benefit to the student, they should be matched effectively to the student’s needs and the requirements of the course. For example, screen readers can be used to circumnavigate auditory decoding difficulties with reading but they can also be used as part of a metacognitive framework for learning, where the learner gains a better sense of how they learn.  Many learners could benefit from assistive technologies as they can be used to enhance a range of learning activities. Another example is where an assistive technology such as mind mapping can aid in building a research project by using highly organised visual approaches.
It is useful to examine several terms such as ‘multiliteracies’, ‘multimodality’, ‘multimedia’ and ‘multisensory’ in relation to emerging technologies.
Multiliteracies
The term ‘Multiliteracies’ refers to the many new forms of literacy that exist in the context of a globalised / connected society as well as regional, ethnic or multiracial diversity. This is reflected in the significant role played by digital media, in making several new forms of literacy available which are not just text based. These are auditory, visual, tactile and kinaesthetic literacies. These compete with traditional forms such as “pen writing, book reading, spoken communications, mental arithmetic.”
, or augment them.
In “Literacy and the new media age”, Gunther Kress writes that new technologies “make it easy to use a multiplicity of modes, and in particular the mode of image — still or moving – as well as other modes, such as using music and sound effects for instance. They change, through their affordances, the potentials for representational and communicational action by their users.”
  In many ways traditional literacies are being challenged because other sensory forms of communication are becoming more wide spread through the proliferation of new technologies.
 There is an increased need for learners to develop an awareness of the requirements of learning materials and learning activities so that they can understand what is required of them as well as use their best skills. 
Multimodality

‘Multimodality’ is increasingly used to describe new technologies that offer different ways or modes of interacting with computers, based on human sensory modalities. For example Bob Woods quotes a definition from the Yankee group who describe Multimodality in relation to telephony users as "a new concept that allows telephony subscribers to move seamlessly between different modes of interaction, from visual to voice to touch, according to changes in context or user preference".
 This has an ergonomic impact on the way that technology is used: for example, using speech recognition or handwriting recognition rather than typing or using a screenreader to listen to digital text. Additionally, there are also new ways that ‘haptic’ technologies allow touch and tactile senses to be used in conjunction with computers. 
Multimodal technologies are then a gateway for human interactions with computers. This emerging field draws on the relationship between human perception and computing. Multisensory and multimodality can also be synonymous with each other. Ben Williamson of Futurelab notes that “Our experience of the world comes to us through the multiple modes of communication to which each of our senses is attuned”
.

Multimedia

Multimedia comprises the “multiple forms of information content and information processing (text, audio, graphics, animation, video, interactivity)” 
  These types of media are often used separately or in conjunction with one another.   Multimedia fosters new forms of electronic literacies and there is increasing research and debate about the implication of this on teaching and learning and how the new affordances of these new multiple forms of elearning content can be employed effectively.
Multisensory

Multisensory teaching and learning strategies have long been included in the curriculum, in order to teach students with specific learning difficulties. In the dyslexia support field a structured multisensory program is widely regarded as beneficial, as it enables learners to make sense of information in a range of ways. It promotes an education that does not take learners for granted, i.e. expecting them to learn in the same way. Elearning is strengthened by using a multisensory approach, which in turn is only effective when it is metacognitive. Thus the way learners learn can actually be improved by increasing individual awareness of how they learn.  This expands the ways that teaching is applied and makes the processes of learning more explicit. This type of learning makes use of the affordances of teaching materials as much as the processes that are involved. The LLU+’s publication “Writing works” highlights how a greater awareness of genre can improve a student’s approach to writing. 
Neurodiversity and learning styles

J Singer presents an interesting view of neurodiversity as an acknowledgement of different learning styles, where diversity is synonymous with different perceptions of the world. “The rise of Neurodiversity takes postmodern fragmentation one step further. Just as the postmodern era sees every once too solid belief melt into air, even our most taken-for granted assumptions: that we all more or less see, feel, touch, hear, smell, and sort information, in more or less the same way, (unless visibly disabled) are being dissolved.” Singer, 1998:14)
We see that there are now more opportunities for learners to identify the mode which is best suited to them and in which they can excel. Thomas G. West suggests that computers give us an advantage via the increased opportunities for us to use visualisation skills and that "brains that are ill suited to one set of tasks may be superlatively-suited to another set of tasks". He comments on the rise of visual literacies as a counterpoint to verbal literacies. Visual literacy has evolved at a fast pace through multimedia thanks in part to the way that computing is now so heavily graphical. 

Verbal and written literacies have benefited from increased access to word-processing which has incorporated visual strategies amongst other modes.
The range of different visual presentation tools now available show that the ability to visualise is an important addition to literacy. It is now possible to visually summarize text meaning and text structure by using document maps and mind mapping approaches; or use specific tools for text editing such as ‘track changes’, comment or spellcheckers within Microsoft Word ™. 
Other modes may include auditory strategies to help with editing or writing using speech recognition or screen readers to echo back text. These modes are matched to learners’ preferences according to what works well for them and what is suitable for their course of study. This is often regarded as a learning styles approach.
Opinions differ over whether identifying a learner’s learning style in isolation might or might not benefit the learner (Frank Colfield). However, a recent examination of learning styles and adult numeracy by the LLU+ and the NRDC has shown that there are many benefits from a learning styles approach when it relates to how (learners) learn from both their own prior knowledge of learning “and the skills and knowledge they are developing”  (Alinson Tomlin, Moseley et al 2003).  We can add to this that it is important to see how learners learn in relation to what they are being taught and what they are required to do. 
The work of Richard Mayer, a California-based researcher considers cognitive theory of multimedia; when it is beneficial for different learners according to their skills and knowledge of their course of study. “While various individuals’ differences such as learning styles have received the attention of the training community, research has proven that the learner’s prior knowledge of the course content exerts the most influence on learning.”

Mayer suggests that there are differences between the processing styles of learners.  He explains that learners that have low prior knowledge of a learning activity can often benefit from visual material to support their comprehension of the subject however learners who have high prior knowledge of a learning activity have no further advantage from supporting visuals. He also examines how learners cope with competing stimuli in multimedia presentations from text and sound based information. He explores how learners perceive this information and examines the limitations of short term visual and auditory memory.  There is further support for this from biological psychology. Charles Spence points out in his chapter “Multisensory integration, attention and perception” that we are often good at filtering out competing stimuli but we rely on an integration of our senses for learning - “it has often been the view that each sense is considered in isolation rather than as a simultaneous multisensory process”. Multimodal technology design tends to present a functional view of perception through separate sensory media. In many ways new technologies are the representative of our ongoing tussle to understand how our own brains work as they evolve around our work needs.
Brains and Computers 
Lastly, it is fascinating to note how the architecture of digital technologies mirrors brain processes and how software designs can support the way we work. An awareness of ICT’s intrinsic qualities is invaluable to support learning.
 We can:

· use them for higher order thinking when seeing the general and the particular.  

· make use of their flexibility when constructing written ideas. 

· make use of the vast connectivity between ideas and representational material.  
· Use several modalities through multimedia e.g  auditory visual, tactile
Digital technologies enable concepts and ideas to be viewed from general and specific vantage points. They bear the imprint of hemispherical approaches, where the gist of information as well as the connections between specific details can be viewed spatially and sequentially.  
There are many examples of technologies that extend this capacity, e.g. mind mapping software. This software can help with concept formation using visual formatting, where flipping from a visual to a text outline view or seeing the links between ideas through the relationship of images can improve the understanding of the whole text by reducing the descriptive content. They can help to scaffold reading and summarising of ideas and concepts so they are seen more clearly, away from the sea of text. Ubiquitous word processing technologies such as Microsoft™ products or internet pages also demonstrate this through document maps and as well as a whole document view. 

Word-processing is infinitely changeable; using ‘cut and paste’ or revising digital text is such a powerful way to learn about writing.  There is a demand for flexibility with communication, to be able to alter what we say and write in order to encapsulate meaning. The plasticity of the media enables writers to sculpt, rearrange and edit written ideas which can now be done visually/spatially as well as linguistically.  
Elearning mirrors the fast neural connections we have and creates a wider network through the Internet. The Internet is inter-textual in the way that it forges links; hyper links can be between pages and sites, creating an interconnected library.  There is an increased ability to present ideas visually and see the links between them.  Information can be referenced directly from text or through the Internet or other programmes. This increased connectivity allows for semantic flexibility where links between representational information lead to improved comprehension. However there are limits; to date computers cannot search for meaning but can only match like with like or search for particular variables. A future semantic web would not only see relationships but also understand that they can alter meaning.  
Several modalities are now possible. Screen readers can support reading and voice recognition develops the auditory approach further by blending speech and writing skills.  This extra way of working enables a writer to shape their speech as text on screen. Typing is not the only way that one can interact with computers - we can now handwrite on the screen and use script recognition. Mind mapping also offers ways of developing the structure of writing through visual spatial relationships. 

In conclusion, neurodiversity is supported in new ways by an increased availability of new technologies which incorporate the perceptual and the cognitive. This fusion of learning content, learning approach and learning context provides a solid basis from which learners can succeed to a much greater extent in their studies.
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