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Abstract
E-learning is a rapidly developing form of education in today’s world. One of its key characteristics is flexibility, which enables easier access to knowledge for everyone. Information and communications technology, which is its main component, enables a different access to the content that e-learning develops as e-materials. These materials, however, can offer good educational experience only if they are designed carefully, especially where people with dyslexia are concerned. The main obstacle to learning for people with dyslexia is usually posed by the form in which e-materials are provided. Using guidelines from relevant literature, we have compiled a checklist that assesses the degree to which e-materials take account of the needs of people with dyslexia. We focus more on the technical – not pedagogical – aspects of e-materials, as they are a crucial factor that can influence the accessibility of e-materials to people with dyslexia.
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Introduction
Today’s society perceives knowledge as a source and factor of a good-quality life. In the new social and technological circumstances traditional educational concepts and methods no longer suffice, as they cannot cope with the increasing growth of knowledge, which also quickly becomes obsolete. The individual should have the opportunity to learn in all ages. Hence, traditional educational systems should become more open, flexible, adapted to individual learning objectives, individual needs and interests. This is where e-learning comes very much to the foreground, because it supports new perspectives and possibilities of acquiring and creating knowledge (Allen & Seaman, 2014; Fee, 2009; Simonson et al., 2012). One of its key characteristics is flexibility, which enables easier access to information for everyone, especially for those who acquire knowledge differently from the majority (Brown & Voltz, 2005; Sangrà, Vlachopoulos, & Cabrera, 2012). Information and communications technology, which is its main component, enables a different access to the content that e-learning provides as so-called e-materials or online materials. Not only people with dyslexia, but all learning individuals can use these materials to gain better quality and friendlier access to educational content – provided that the materials are designed appropriately and allow for adaptation to individual needs.
Dyslexia and learning
According to International Dyslexia Association 15-20% of the population has a language-based learning disability. and of the students with specific learning disabilities 70-80% have deficits in reading. Dyslexia is the most common cause of reading, writing and spelling difficulties. There are several definitions and terms, which causes considerable confusion as to how to identify dyslexia. Consequently, there is no unambiguous answer to the question of what dyslexia actually is (Camp & Aldridge, 2007). We can only state that the majority of definitions agree it is a difficulty related to reading, which also affects writing and spelling, and that the skills in these areas are below expectations regarding the individual’s age and intelligence (Doyle, 2002; McCarthy & Swierenga, 2010). Definitions vary mainly in how authors perceive dyslexia. Some authors emphasize its neurological factors, others educational characteristics, others still stress cognitive factors. Therefore, it is always important to take account of context when defining dyslexia, which will subsequently enable us to find the most suitable adaptations for the individual’s learning (Reid, 2009). The common ground all the theories share is the view of dyslexia as a developmental phenomenon, affecting the individual for life, with its main characteristic being difficulties in acquiring literacy skills. We should also highlight that there are numerous causes for dyslexia, including hereditary ones. According to Fitzgibbon and O’Connor (2002), the difficulties that are common to most adult dyslexics can be divided into three categories: difficulties with memory, difficulties with communication, and difficulties with organization and self-management. Bartlett et al. (2010) give a more precise characteristic of a dyslexics person. They list difficulties in the areas of phonological skills, short-term memory, visuo-spatial skills and sequencing (Bartlett et al., 2010).
When considering dyslexia, we should be aware that it may appear differently in each person, making it an “individual” difficulty, and that it may occur at different levels and in different combinations. Dyslexia does not depend on the individual’s level of intelligence, effort or social and economic circumstances. The most popular myths about dyslexia claim that it is a result of poor parenting or lack of educational opportunities, poor teaching, environmental factors, visual or hearing problems or lack of motivation (Reif & Stern, 2010). Dyslexia is often referred to as a “hidden disability”, because it cannot always be noticed immediately, as the individual can conceal it successfully for a long time. It is only noticed when such an individual faces a situation which requires her/him to demonstrate literacy skills or to process specific types of information (Reid, 2005).
Assistance and adaptations to adults with dyslexia
As for the learning of people with dyslexia, it is especially important to be aware that the consequences of dyslexia are not compatible with the usual teaching methods. When tackling these people’s different learning abilities, we can make great use of specific treatment, information and communications technology and specific teaching adaptations (e.g. methods, techniques). Here, the manner of preparing learning materials is of great importance. Rief and Stern (2010) claim that everybody can learn if only we adapt instruction/teaching and learning/educational materials. Needless to say, we should not forget teachers’ or educational program developers’ adequate qualifications. They should be able to take account of various learning needs and possess additional knowledge and skills concerning learning laws and principles that they can adapt for people with dyslexia.
ICT and dyslexia
Information and communications technology (ICT) can be of great help to people with dyslexia, but we should realize that it cannot completely replace structured teaching and learning. This is also due to the constant appearance of new technologies and their relentless changes, which means that today technology is really difficult to follow. Modern information and communications technology is changing the learning/educational process and learning/educational content. This is not only true of teaching the content; it is providing learning individuals with a mass of resources which are no longer only passive in form, as they include other media and interactive forms
For people with dyslexia assistive technology can indicate a move toward independent learning. It is important that those with dyslexia know well which their weak and strong learning points are, how assistive technology can help them regarding their learning needs and how using the technology can help them in developing learning independence. Assistive technology is understood as equipment and software that are used to maintain or improve the functional capabilities of a person with a disability (Doyle, 2002). Assistive technology is represented by mp3 players, dictaphones, various tablets and PCs, which are definitely the most widespread. The computer is a useful tool, since it helps persons with dyslexia to acquire, note and organize information effectively.
Adaptations of e-materials to people with dyslexia
The wide variety of materials available on the market includes self-study CDs and online courses for individuals to learn as well as countless study notes accessible online. It is vital that these materials should be prepared in an effective, structured, organized manner and presented suitably, thus enabling users to acquire, understand and process information as easily as possible. This is even more critical if users include people with dyslexia.
E-learning is not limited to merely multimedia CDs and the Internet; it also involves assistive technology intended for users with special needs. For instance, when working with online materials, reading from the computer, listening to instructions or making notes, those with dyslexia frequently employ software such as text-to-speech software and digital voice recorders. Consequently, it is important for e-materials to be developed so as to support the use of various software.
Guidelines for e-materials development
[bookmark: _Hlk432769283]There were not many attempts to make a comprehensive guidelines for making websites or e-materials for dyslexic adults (e.g. Ashenhurst, 2001; Evett & Brown, 2005). These attempts ar usually focused only on usability or accessibility. Our checklist is based on three criteria: accessibility, usability and readability. This distinction follows the EU funded project “Provision and Use of Information Technology with Dyslexic Students in University in Europe” (Smythte & Draffan, 2005), which examines in more detail the adaptation of e-materials to dyslexic users in e-learning. Since we focus on the formal side of e-materials, which mostly influences the reading competence of people with dyslexia, we have taken over the above-mentioned three key criteria. When drawing up the guidelines for each individual category, we relied on Rainger (2003), who puts forward practical recommendations for developing e-materials for users with dyslexia, and on the book “Dyslexia in the Digital Age” by Ian Smythe (2010), who is one of the leading authors in the field. Guidelines for each set of criteria were drawn up in a similar way to the one in which we presented the guidelines for the development of e-materials that are essential for people with dyslexia. 
Accessibility
The accessibility of e-materials is assessed according to whether a user with dyslexia can access information or not, regardless of how easy the materials are to use.
1. Enable access to materials via assistive technology
Users with dyslexia use different assistive technology, with text-to-speech software as the most frequent. Therefore, the materials should be constructed in a manner that makes it available to such software (Smythe, 2010). For example, text that is embedded in Flash animation, or inside pictures, is not available to all text-to-speech converters. Some text-to-speech converters follow general reading rules, so they, for example, read without a pause if there is no full stop at the end of a sentence. This can certainly have a major influence on the learning of those with dyslexia. To overcome such obstacles, full stops are required after bullet points/paragraphs, statements, phrases, (sub)titles and (sub)headings. If the size of the punctuation is much smaller than the size of the heading font, the visual effect is minimal.
2. Do not use only text to present information 
The use of illustrations, diagrams, flow-charts and photographs can enhance the accessibility of e-materials to people with dyslexia. For instance, procedures or processes are learnt more easily from pictures or illustrations than from text (Burt, 2004). The use of multimedia that supplements text also enhances accessibility for such users, because they activate different learning channels. However, when using multimedia and other images, it is always necessary to offer a textual alternative, which we will discuss in more detail in the following section. It is crucial for multimedia elements that it is the user that controls them (the users starts, stops and replays them).
3. Enable textual description of visual content
Presentation in different formats is, of course, important, yet we should always ensure textual equivalents (Rainger, 2003). A short description of pictures, charts and multimedia is essential. We should not rely on multimedia alone to ensure content presentation. Moreover, textual equivalents are also needed for greater accessibility to text-to-speech programs.
4. Make navigation easy to use
Moving around materials should be easy and intuitive. The provision of a site map is essential, as it helps the user to have control over the materials. Most of all, it is important that a site map should be clearly separated from the body of the text and always visible to the user, so that he/she can easily orient him-/herself (Rainger 2003).
5. Enable the selection of the colours of the background and text as well as the font and typeface
Users should be able to customize the colours of the background and on-screen text as well as the fonts and typefaces. Various research studies, namely, demonstrate that such control over presentation has a significant influence on dyslexic users’ more accurate reading (McCarthy & Swierenga 2010).
Usability
Learning content may be accessible, but if it is not embedded in a user-friendly environment, it will not lead to optimal educational/learning experience. As already stated, usability means how easily and how quickly we can learn from e-materials. A possibility of assessing usability is counting the navigational errors that students make (their frequency and severity) (Smythe & Draffan, 2005). The areas of usability we focus on are typography (typeface, font size, leading/line spacing, justification) and text and background colour and navigation. We will try to develop guidelines which concern the areas above when designing e-materials for users with dyslexia.
1. Offer at least three different typefaces 
In the past it has been suggested that Times New Roman is the best for people with dyslexia, being a serif typeface and thus leading the eye from one letter to the next. These conclusions mainly originate in printed material analyses. However, a more widespread use of computers has suggested a preference for typefaces with clean lines (sans serif), such as Arial, (Helvetica on the Mac), Sassoon and Tiresias. The recent preference for sans serif typefaces is due to that fact that on a computer screen a small detail like the “curl feet” in Times New Roman may be lost (Smythe & Draffan 2005, p. 81).
It is essential that a typeface makes a clear distinction between letters, which means that is ensures a visual difference between the rounded letters “a”, “c”, “e” and “o” and maximizes the difference between mirror letters “p”, “q”, “b” and “d”, since these cause people with dyslexia the most problems in reading.
One of the most widely mentioned “dyslexia typefaces” is Read Regular (www.readregular.com) by the Dutch designer Natascha Frensch. In his PhD dissertation, Rob Hillier (2006) examined dyslexia-friendly typefaces for adult Internet users and published his conclusions on the Sylexiad website (www.robsfonts.com). He developed typefaces as a result of user feedback (Hillier, 2006). However, such endeavours are ussualy destined to fail, since the use of these typefaces is limited, as they are not available free of charge.
We should be aware that these are only very general recommendations, because not all dyslexic users have the same needs. Research also suggests that the typefaces individuals have used in the past frequently define their future choices, too. It is crucial that we design e-materials in a way that enables choosing different typefaces, so it is up to the individual to choose the settings that make reading easier form her/him.
2. Enable font size selection
[bookmark: _Hlk434221914][bookmark: _Hlk432771042]People with dyslexia typically use fonts that are not smaller than 12 pt (Zarach, 2012). Research done by Bernard et al. (Bernard, Liao, & Mills, 2001) shows that for adults a 14-pt font is more legible and leads to faster reading than the usual 12-pt fonts. However, Geske (2000) found that fonts greater than 12 pt lead to a slower reading speed and that 12-pt fonts are optimal. In addition, we should not neglect that font size is also influenced by the selected typeface. Although several typefaces specifically designed for dylexic readers (e.g. Dyslexie font; http://www.dyslexiefont.com or OpenDyslexic;  http://opendyslexic.org), some studies show that using these fonts did not enhance text readability or reading speed (Rello & Baezo-Yates, 2013). 
Typically, website designers set the default size, which users can then adjust using the browser. However, designers have recently been building in simple accessibility tools in the form of buttons you click and instantly change the size of the text. Unfortunately, many websites use fonts which are too small for most dyslexic users, thus making them useless/inaccessible for these users. The ability to change font size quickly and easily is, therefore, crucial. A new study (Schneps et al., 2013) shows that the students experienced significant reading improvements in speed and comprehension when using handheld device configured to display only a few words of text per line.  
3. Enable background and text colour selection
Increasingly, websites offer users the possibility of changing and adapting background and text colours, thus choosing the way they view the learning environment. With Cascading Style Sheets (CSS) – templates that define what the website will look like in a browser and separate content from the website design – it is possible to create dynamically modifiable text and background colours (as well as typeface and font size) (Smythe & Draffan, 2005). There are countless colour combinations and it is hard to decide on the most appropriate one for each individual user. But it is important that the user has a choice, and today’s technology makes that possible.
[bookmark: _Hlk432771185]The Web Accessibility Initiative (WAI - http://www.w3.org/WAI/) has also developed some guidelines regarding background and text colour combinations. At the beginning its recommendations emphasized the need for a high contrast level between colour combinations, which may actually be inappropriate for many people with dyslexia (Smythe, 2010). Some people with dyslexia suffer from the syndrome of scotopic sensitivity, which means that their perception of the light spectrum differs from the usual. When they see a black text on a white background, they find it difficult to make out letters or words in a line. They usually report a dazzling/shining effect due to high contrasts. Instead of letters and words they see moving and bending blots (Jordan, 2000). A dark text on a pale background is therefore recommended (for example a dark blue text on a cream background) (Rainger, 2003).
4. Content layout and navigation
Content layout is a frequently overlooked component in designing e-materials. Imagine having a single screen with 62 clickable zones, including the browser itself (Smythe & Draffan, 2005). Not only is such a content view confusing, but it also leaves little space for learning. It is vital how we place pictures and text, just as it is important to be able to return to the previous page easily. Clarity and simplicity should be more important than the design and appearance of the material (ibid.).
If we remind ourselves about the kind of problems dyslexic users have – they become easily confused, they have problems with remembering instructions – we will realize that screen layout is very important. Therefore, good learning environments have very simple navigation which is hierarchical, always visible and consistent throughout the material (Smythe, 2010). Orientation can be facilitated with navigation indicators, breadcrumb trails, highlighted/bold headings or progress indicators so that the individual knows exactly the location within the material’s structure (Rainger, 2003). In the text itself it is particularly important how hyperlinks are used. They are usually underlined and in the same colour so that the user can recognize them as hyperlinks. Orientation is easier if a visited link is given in a different colour. Thus, the individual knows he/she has already visited the site (ibid.). It is important for the user that finding items and moving around a material should be obvious and intuitive. Having mastered the navigation system, the user does not have to learn it all over again every time.
5. Avoid horizontal scrolling
Another thing to consider is how information is provided page by page. We can choose between the manner typical of books and scrolling. They latter may be more difficult for users with coordination problems; however, alternative navigation is possible, for instance draggable scroll bars, arrows, etc. (Smythe & Draffan, 2005).
In any case, horizontal scrolling should be avoided, since it affects text scanning. In general, the ideal line length is between 60 and 80 characters, although people usually read faster when lines are between 30 and 50 characters long. Columns are not really useful on websites, as they require the user to scroll up and down on the screen. Hence, good learning content designers use short sections which take up the middle or right side of the screen (ibid.).
6. Use greater line spacing than usual and keep to left aligned, un-justified text
Most designers use default settings for line spacing (20%, which means that if a 20-pt font is used, the line spacing will be 24 pt). However, people with dyslexia usually prefer a somewhat greater spacing (c. 30%) (Smythe & Draffan, 2005). In addition to aesthetic appeal, increased line spacing ensures greater visual separation between descenders (the letters “g”, “j”, “p” and “q”) and ascenders (the letters “b”, “d”, “f”, “h”, “k”, “l”, “t”). If the space between them is insufficient, these letters can blend together and cause reading difficulties for people with dyslexia (Smythe, 2010). Yet we should also avoid making the spacing too great, as this will also make reading more difficult for these users.
Text should be left-justified, which provides dyslexic users with a jagged pattern down the right side of the page (Smythe & Draffan, 2005). Justified text, namely, causes uneven inter-word spacing and confuses users with dyslexia, because excessive “white space” makes connecting words more difficult, thus slowing down reading (Rainger, 2003).
Readability
Readability is another overlooked aspect of e-material design. It refers to the ease of understanding a text in terms of the vocabulary and grammar used. It can be measured according to the average number of words in a sentence, the number of multisyllabic words (more than 6 characters) or the average number of syllables in a word (Smythe & Draffan, 2005). Additionally, there are simple criteria for Internet material “readability”, which are also important for dyslexic users (Smythe & Draffan, 2005; Rainger, 2003):
1. The average sentence length should be between 15 and 20 words.
2. Information should be explicit – at the beginning, the learning/educational objectives, expectations, etc. should be emphasized.
3. Instructions should be given clearly and without lengthy explanations.
4. Use bullet points or numbering where appropriate.
5. Use graphics to illustrate and explain any complex text.
6. Introduce new concepts only when previous ones are consolidated.
7. Use headings and subheadings to facilitate orientation.
8. Use bold fonts or highlighting to emphasize important information.
9. Do not use paragraphs in italics, since this writing is more difficult to read.
10. Use the active voice rather than the passive.
11. Avoid underlining except for hyperlinks.
12. Summarize content in mind maps or boxes.
Subsequently, we developed a checklist on the basis of the guidelines above to assess e-materials (see Appendix – “Checklist for Assessing the Adaptation of E-materials to People with Dyslexia”). Our aim was to evaluate to what degree e-materials actually follow these guidelines and in which areas they still need improvements.
Conclusion
Today’s information society is characterized by each individual having a constant and instant access to knowledge, which requires him/her to be able to look for, transmit and use information that is freely available to everyone. Although multimedia has become an important part of our knowledge-based society, the abilities to read and write remain crucial to understanding complex materials. They, furthermore, are conditions for social and, especially, “digital” integration (Torrisi & Piangerelli, 2010). Due to the difficulties they have to face, people with dyslexia remain a marginalized group. Although reading and writing difficulties can be compensated to a degree with the help of various technologies, the problems can persist if specific adaptations are not provided. Thus, it is vital that online service developers realize what problems this group of individuals’ faces when using the Internet and strive for continuous improvements in accessibility and usability for such users. Nowadays, e-learning is an ever more frequent form and choice of education and learning, especially among adults, since it provides them with flexibility regarding the space, time and tempo of learning and it serves their different learning styles. Despite all the positive effects that such education may have, it can also prove a major obstacle, particularly for people with special needs (such as people with dyslexia). Without adequate adaptations (both the execution and design of e-materials), some individuals remain excluded, since access to and use of information in such education can be particularly difficult for them. This is especially true of people with dyslexia.
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Appendix
[bookmark: _Hlk432767068]A proposed “Checklist for Assessing the Adaptation of E-materials to People with Dyslexia” (Possible answers: Yes; No; N/A)
Accessibility indicators
1. The material enables access via assistive technology (text to speech).
2. The material contains navigation.
3. The navigation is clearly separated from the content. 
4. The material contains controllers to regulate font sizes. 
5. The material contains controllers to regulate typefaces. 
6. The material contains controllers to regulate background and text colours.
7. The material does not consist of text only. 
8. The material enables listening to the whole of material. 
9. The content is supported with pictures, charts, illustrations. 
10. The content is supported with animations. 
11. The content is supported with audio recordings. 
12. The content is supported with video recordings. 
13. Pictures, illustrations, diagrams have their equivalents. 
14. Audio recordings have their equivalents. 
15. Video recordings have their equivalents. 
16. Animations have their equivalents. 
17. Audio and video recordings and animations can be started by the user.
18. Audio and video recordings and animations can be paused by the user.
19. Audio and video recordings and animations can be replayed by the user.
20. The material does not contain flashing elements that cannot be stopped. 

Usability indicators
1. The material uses a sans serif typeface (Verdana, Arial, Georgia, Tahoma, Trebuchet, Comic Sans).
2. The font size is at least 12 pt. 
3. The colour contrasts used in the material are gentle (pastel) and not sharp (white text on black background).
4. The site map is hierarchical and it gives an overview of the complete material by using headings and subheadings.
5. The material contains navigation forward/back buttons. 
6. The material contains breadcrumb trails. 
7. The material contains a progress indicator, so that it is always clear where in the material’s structure we are (coloured or ticked (sub)heading in the site map). 
8. When we want to return to the beginning or to a specific section, we do not have to go through all the sections. 
9. The form and navigation of the material remain consistent throughout the material (the navigation is always in the same place and always visible).
10. Textual hyperlinks are coloured when they have been clicked. 
11. Textual hyperlinks use a consistent form (e.g. blue underlined).
12. Hyperlinks in any form (buttons, graphics, text) are descriptive and we know where they will take us (not “click here”).
13. The content is provided on one screen with minimal vertical scrolling.  
14. There is no horizontal scrolling.
15. The material is divided into short paragraphs. 
16. The text is in the middle or on the right side of the screen and does not take up the whole screen.
17. The material uses left text justification. 
18. The text is not crammed; it uses adequate line spacing (at least 1.5). 

Readability indicators
1. The average sentence length is between 15 and 20 words.
2. At the beginning key information is emphasized (learning/educational objectives, expectations, instructions).
3. Instructions are given clearly and without lengthy explanations. 
4. The text has clearly visible headings and subheadings. 
5. Important information is in bold or highlighted. 
6. Sentences are not written in italics. 
7. Bullet points are used for better clarity.
8. Graphics are used better to illustrate and explain any complex text.
9. New concepts are explained in glossaries, icons in legends. 
10. Boxes and mind maps are used to summarize important points.
11. The material provides suggestions, additional explanations and links at the side or in drop-down menus or when moving the mouse over a text.
12. The material uses the active voice, not the passive.
13. The material does not contain large chunks of underlined text which is not hyperlinks.
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