Chapter 31 ®)
Technologies for Dyslexia e

Maria Rauschenberger, Ricardo Baeza—Yates and Luz Rello

Abstract Nowadays, being excluded from the web is a huge disadvantage. People
with dyslexia have, despite their general intelligence, difficulties for reading and
writing through their whole life. Therefore, web technologies can help people with
dyslexia to improve their reading and writing experience on the web. This chapter
introduces the main technologies and many examples of tools that support a person
with dyslexia in processing information on the web, either in assistive applications for
reading and writing as well as using web applications/games for dyslexia screening
and intervention.

31.1 Introduction

The American Psychiatric Organization defines dyslexia as a specific learning dis-
order which affects around 5-15% of the world population (American Psychiatric
Association 2013) (more information can be found in this book in the chapter Cog-
nitive and Learning Disabilities). A person with dyslexia has difficulties to read and
write independently of intelligence, the mother tongue, social status, or education
level. Hence, people with dyslexia understand the meaning of the words but do not
always know how to spell or pronounce the word correctly. This means that children
with dyslexia do not show any obvious difficulties in other areas. This is the rea-
son why dyslexia is also called a hidden disorder. Often, this results in bad grades
in school and frustration for the children (40-60% of children with dyslexia show
symptoms of psychological disorders (Schulte-K6rne 2010) like negative thoughts,
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sadness sorrow, or anxiety) and the parents over many years. Moreover, these are
common indicators for detecting a person with dyslexia.

As a matter of fact, children with dyslexia can learn the spelling of words or
decode words for reading but they need more time to practice. For example, for
German, Schulte-Korne et al. state that children need two years instead of one for
learning how to spell phonetically accurate words (Schulte-Korne 2010). Hence, to
give children with dyslexia more time to practice, avoid frustration and the possibility
to succeed, early detection is needed. Although a person with dyslexia is able to gain
reading comprehension and spelling accuracy, a certain degree of difficulty will most
probably remain and assistive applications for reading and writing are helpful.

Even though language acquisition depends on the syllabic complexity and ortho-
graphic depth of a language (Seymour 2003), results show that similarities between
readers with dyslexia in English and German are far bigger than their differ-
ences (Ziegler et al. 2003). Also, similar types of errors were found in texts written by
people with dyslexia for English, Spanish (Rello 2014) and German (Rauschenberger
et al. 2016). Multiple factors have been investigated to find the causes of dyslexia
and measuring it, as well as the skills that need to be trained to improve reading and
writing (Catts et al. 2017).

It has been argued that dyslexia might be mainly phonological and perception dif-
ferences could be explained with electric oscillations (Goswami 2011). Furthermore,
previous research has related speech perception difficulties to auditory processing,
phonological awareness and literacy skills (Rolka and Silverman 2015; Tallal 2004).
Phonological deficits of dyslexia have also been linked to basic auditory processing
(Haméldinen et al. 2013). The auditory perception of children with dyslexia has been
proven to be related to the sound structure (Huss et al. 2011), as well as to the audi-
tory working memory (Ménnel et al. 2016). Nondigital approaches, e.g., Jansen et al.
(2002) try to predict the literacy skills of children with the phonological perception,
phonological working memory processing, long-term memory, and visual attention
(quoted after Steinbrink and Lachmann 2014).

Another line of research suggests that reading impairments are due to the visual-
spatial attention and poor coding instead of phonological difficulties (Vidyasagar and
Pammer 2010). In fact, non-similar sounds might be used as a compensation strategy
to cope with dyslexia, which breaks down when we have phonetic ambiguity, that is,
we see a symptom of the problem but not the real cause.

Apart from this, visual discrimination and search efficiency are being used as
predictors for future reading acquisitions (Franceschini et al. 2012). Even more,
recently, the missing visual asymmetry is proposed as one of many reasons which
might cause dyslexia (Le Floch and Ropars 2017).

Lately, it has been shown that computer games are a convenient medium to pro-
vide an engaging way to significantly improve the reading (Gaggi et al. 2017; Kyle
etal. 2013) and the spelling (Gaggi et al. 2017; Rello et al. 2014) performance of chil-
dren with dyslexia. Additionally, it was shown that children with dyslexia could be
detected easily and cost-efficient with a web tool that, among other things, analyses
word errors from people with dyslexia (Rello et al. 2016).
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A person with dyslexia has difficulties to learn how to read and write through their
whole life depending on the assistive tools used as well as the detection date or/and
intervention method duration (more information can be found in this book in the
chapter Assistive Technologies). Since there are already various software tools, we
present the main similarities through tables and point out key differences in the text.

The next section give an overview of applications to support people with dyslexia
to make the web accessible when reading or writing as well as the relatively new
field of online tools for screening and intervening with web technologies to cope with
dyslexia. We argue that web accessibility for dyslexia is more than only tools which
help to read and write (Rello 2015). We end with a discussion, future directions and
conclusions.

31.2 Assisted Reading for Dyslexia

Assisted reading can be accomplished with the existing readers or new applications,
especially designed for people with dyslexia. In both cases, what is important are the
available features and how they can be customized. The British Dyslexia Association
updated their Style Guide in 2018 on the presentation of content, writing style, and
text to speech (TTS), which we take into account for the comparison of applications
(British Dyslexia Association 2018).

In the next subsection, we give an overview of different approaches to design
text customization, test simplification, and text to speech to improve the reading
performance and/or comprehension for people with dyslexia.

31.2.1 Text Customization

How a text is presented and how a person with dyslexia likes to perceive it, is very
personal (Gregor and Newell 2000). Therefore, different parameters can help to
improve the readability for individuals depending on the customization.

But not every parameter improves the reading performance or comprehension.
Various studies explore the different parameters for readability, comprehension, and
reading performance. For example, studies provide evidence that the font type has an
impact on the readability, i.e., italics and serif should be avoided (Rello and Baeza-
Yates 2016, 2017; British Dyslexia Association 2018). Fonts like Arial, Courier,
Helvetica and font families like roman, sans serif and mono-spaced are suggested
to increase readability. On the other hand, fonts specifically created for people with
dyslexia (Wery and Diliberto 2017) have not be proven better than conventional
fonts (Rello and Baeza-Yates 2016). Also, there is evidence that the font size has an
significant impact on the readability while line spacing does not Rello et al. (2013).

The background color is also important since people without dyslexia chose black
over white as the most readable option compared to people without dyslexia (93.88%
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Table 31.1 Parameters that can be customized in assistive reading tools

Parameter Font Size Spacing

Tools

AccessibleNews Rello et al. (2012) v v

Amazon Kindle Amazon (2018), Wikipedia v v v
(2018a)

Apple Books Apple (2018), Wikipedia (2018b) | v v

ClaroRead Claro Software Ltd. (2015) v v v

DysWebxia Rello (2014), Rello and v v v
Baeza-Yates (2014)

Firefixia de Santana et al. (2013) v v v

Google Play Books | Google (2018), Wikipedia (2018¢c) | v/ v v

IDEAL Kanvinde (2012) v v v

MultiReader Petrie et al. (2005) v

Text4All Topac (2012) v v v

WebHelpDyslexia | de Avelar et al. (2015) v v v

compared to 60% Rello and Baeza-Yates 2017). A medium-scale study (n = 241)
contributed that (1) background colors have an impact on the readability for people
with and without dyslexia, (2) warm background colors are beneficial for the reading
performance, and (3) cool background colors decrease the readability (Rello et al.
2017). Also, the background color is reported to be correlated with the size of the text
(Rello and Baeza-Yates 2017). Another example is line spacing which has not been
proven to have a significant effect on readability and personal preferences (Rello and
Baeza-Yates 2017).

Already various guidelines British Dyslexia Association (2018), de Santana et al.
(2012), Miniukovich (2017), WAI (2018) have been proposed, mainly with recom-
mendations for readability on the web and digital devices. In Table 31.1, we compare
the most important parameters to improve the readability of reading applications
or/and recommended by guidelines.

The three most popular reading applications are: the Amazon Kindle (Amazon
2018; Wikipedia 2018a), Apple Books (Apple 2018; Wikipedia 2018b) (previously
know as iBooks), and Google Play Books (Google 2018; Wikipedia 2018c). Nearly,
all applications include the three parameters that should have an effect on readability.
However, MultiReader can only change one parameter (Size) and two applications
can change only two parameters, i.e., Apple Books (Font and Size) and Accessible-
News (Size and Spacing). Apart from readers for e-books or other types of digital
documents, the tools are mainly designed for a certain context like reading the news
(AccessibleNews) or adapting existing web pages (Text4all). The reading ruler from
WebHelpDyslexia is the only feature to address the confusion while reading and
changing rows.
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Table 31.2 Available text simplification features

Feature Synonyms Simplification | Definition

Tools

AccessibleNews Rello et al. (2012)

Amazon Kindle Amazon (2018), v v
Wikipedia (2018a)

Apple Books Apple (2018), Wikipedia v
(2018b)

ClaroRead Claro Software Ltd.
(2015)

DysWebxia Rello (2014), Rello and Ve
Baeza-Yates (2014)

Firefixia de Santana et al. (2013)

Google Play Books | Google (2018), Wikipedia v v
(2018c)

IDEAL Kanvinde (2012)

MultiReader Petrie et al. (2005) v

Text4All Topac (2012) v

WebHelpDyslexia | de Avelar et al. (2015) v

31.2.2 Text Simplification

After a text is accurately displayed, the person needs to comprehend the text. One
possible help to make understanding a text easier, is simplifying the content. Either a
complex word will be replaced with the most simple synonym or various synonyms
are presented at the user’s request (Rello et al. 2013). Also, a dictionary function is
useful to look up foreign words but also non-foreign words with a similar spelling
like quiet and quit to precise their meaning in a given context.

In Table31.2, we compare the available features for reading applications. The
challenges for simplifying with synonyms are polysemic words (Rello and Baeza-
Yates 2014). Especially, if synonyms need to be found in a sentence or short phrase
as, e.g., in a Twitter tweet or a Reddit post. Additionally, simplifying depends a lot
on the person’s ability itself. Since dyslexia is a learning disorder and not a cognitive
disability, the simplification depends more on the typographical errors and not on
the complexity of the content. Research shows that people with dyslexia encounter
specific difficulties with phonetically or orthographically similar words or letters
(Wyke 1984; Rello et al. 2016; Rauschenberger et al. 2016). To raise awareness for
these kinds of words, ClaroRead colors words with a similar pronunciation. Colors
are also used to differentiate similar looking letters as in SeeWord. In Rello et al.
(2013) it is also shown that people with dyslexia prefer to see synonyms of complex
words rather than direct text simplification.
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Table 31.3 Example tools with and without native text to speech

YES NO
Amazon Kindle | Amazon (2018), Wikipedia| AccessibleNews Rello et al. (2012)
(2018a)
ClaroRead Claro Software Ltd. (2015) | Apple Books Apple (2018), Wikipedia
(2018b)
Google Play Google (2018), DysWebxia Rello (2014), Rello and
Books Wikipedia (2018c) Baeza-Yates (2014)
IDEAL Kanvinde (2012) Firefixia de Santana et al. (2013)
MultiReader Petrie et al. (2005) Text4All Topac (2012)
WebHelpDyslexia | de Avelar et al. (2015)

31.2.3 Text to Speech

Text to speech (TTS) can be used to hear the text without the need to read it. This
means that the written text is read to the user by an engine and not recorded before by
aperson as it is the case for audio books. These tools could be useful for a person with
dyslexia as well as for a person with visual impairments among other disabilities.
A TTS engine might support different languages and some are already included in
popular operating systems. TTS APIs are available in the most used mobile operating
systems such as Android or iOS and can be used by any application, although some
people report difficulties while using them, for example in iBooks (Pipusbcn 2017).

In Table31.3, we compare the availability of proprietary text to speech (TTS)
in reading applications. This functionality can be used to follow the reading of a
text or to confirm what a person has read as training. Useful features support this
training with the control of speed, read word by word or read letter by letter line in
the IDEAL eBook Reader. These features empower a person with dyslexia to learn
and read (new, similar, or complicated) words.

31.3 Assisted Writing for Dyslexia

For a person with dyslexia, reading and writing remains a challenge through their life.
A study of dyslexia on social media (interview with 11 participants with dyslexia;
questionnaire with 492 participants with and without dyslexia Reynolds and Wu
2018) reports that writing is a bigger challenge than reading for a person with
dyslexia. The study also reveals that people with dyslexia experience more often
negative feedback on the writing which can trigger or increase their stress and anxi-
ety. Therefore, spelling corrections, text suggestions, or dictation are useful features
in the daily routine for a person with dyslexia.

In the next subsections, we present tools for spelling correction, text suggestions,
and dictation.
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31.3.1 Spelling Correction

The analysis of spelling mistakes from children with dyslexia in German and Spanish
(Rello et al. 2016; Rauschenberger et al. 2016) shows real word errors as a very
common error category, produced by phonetically or orthographically similarity of
words or letters (Pedler 2005, 2007) (see also previous section).

Real word errors refer to words which are wrong in the context and are very similar
to another word from that language like for German Schal (“scarf”) and Schall
(“sound”), for Spanish pala ( “shovel”) and palabra (“word”) and for English from
and form. These spelling mistakes are for a spellchecker very difficult to find due to
the need to understand the semantic context of the sentence or phrase (similarly to
text simplification). Spelling correction is useful also for a person without dyslexia
since, for example, the frequency on the Spanish web of correct words is 4.63 times
more frequent than for words with errors, apart from real word errors (Rello et al.
2016).

To target real word errors, spellcheckers base their approach on language models
or on natural language processing. Next, we present some example applications:

e Babel (Spooner 1998) was the first to use an user model with human errors and
rules addressing the permutation of letters to support the writing of a person with
dyslexia. The approach was evaluated with errors from real people by measuring
the frequency of suggestion of the correct answer, and the position of the correct
answer on the suggestion list when suggested. Babel performance as a spellchecker
was significantly better in finding real word errors for some key populations using
new rules addressing the permutation of letters or user modeling with human errors.

e PoliSpell (Quattrini et al. 2013) uses an user model for boundary errors or real
word errors and offers a simple user interface for a person with dyslexia to better
distinguish suggested words. An evaluation of PoliSpell could not be found.

e Real Check (Rello et al. 2015) uses a probabilistic language model, a statistical
dependency parser and Google n-grams to detect real-world errors. The evaluation
was done with a corpus of real-world errors, comparison of other spellcheckers and
an experiment to test the efficiency of the detection. The results from 2015 with
a user study with 36 people show that people with dyslexia corrected sentences
more accurately and in less time with RealCheck than with other spellcheckers.

31.3.2 Text Suggestions

The use of text suggestions is relevant for different digital contexts such as search
interfaces (Morris 2018), text editors, or spellcheckers (Quattrini et al. 2013). As
mentioned in the previous section, PoliSpell (Quattrini et al. 2013) provides a simple
user interface for a person with dyslexia to show predicted correct words. Since a
person with dyslexia has difficulties to distinguish phonologically or orthographi-
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cally similar words (as described before), the visual layout of word predictions or
suggestions is also relevant when writing. In addition, we already mentioned that in
Rello et al. (2013), people with dyslexia preferred synonym suggestions instead of
a direct simplification.

31.3.3 Dictation

Dictation, speech to text (STT) (Wagner 2005) or speech recognition (Juang and
Rabiner 2004) is the reverse of text to speech from the previous section and means
broadly that the spoken words or sentences are recognized and visualized as text.
Historically was developed to integrate people with hearing impairments in oral
communication. Although these tools are not specifically developed for people with
dyslexia, it makes a real-time communication easier and probably with less spelling
mistakes if the STT is well designed. A typical use case today are in mobile search
interfaces (Morris 2018). Apart from that, speech recognition can be helpful for
a person with dysgraphia (Mayes 2018) and is already used in professional areas
like medicine, business correspondence, or legal briefs (Spehr 2010). With speech
recognition included already in every smartphone, it is available for a broad audience
and challenges are in accuracy, foreign accents, specific terminology, or language
changes. SST is also researched and recommended as an alternative way of learning
how to write (Haug and Klein 2018).

31.4 Dyslexia Screening

The previous sections focused on assistive tools for reading and writing when hav-
ing dyslexia. This section introduces a relatively newer research area, which is the
screening of dyslexia through web-based applications or games.

Detection and especially an early detection of dyslexia is important because an
early intervention avoids negative effects of dyslexia such as school failure and low
self-esteem.

Most current approaches to detect dyslexia require linguistic skills (i.e., phono-
logical awareness, or letter recognition to apply e.g., a German spelling test Grund
2004), expensive personnel (i.e., psychologists), or special hardware (i.e., eye track-
ers or MRI machines).

The rate of spelling mistakes and reading errors are the most common way to
detect a person of dyslexia. Since people with dyslexia exhibit higher reading and
spelling error rates than people without dyslexia (Coleman et al. 2008), there are
diagnoses of dyslexia based on the errors score (Schulte-Korne et al. 1996). Very
often children and their families already experienced lots of failures and frustration
due to the, back then, inexplicable problems of learning how to read and write. Hence,
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spelling tests are forcing children with dyslexia to fail again under observation and
puts additional stress and frustration on each child.

Hence, in recent years, computer games are being used to provide support for
children with dyslexia in an engaging, convenient, and cost-efficient way (Rello
et al. 2014; Kyle et al. 2013). Next, we give an overview of different approaches for
screening readers and pre-readers using web applications/games.

31.4.1 Screening for Readers

Screening with applications for readers is mainly based on the perception of linguistic
skills (Nessy 2011; Lexercise 2016; Rello et al. 2016) (e.g., phonological awareness,
letter recognition) but also on visual or auditory short-term memory (Rello et al.
2016) or phonological processing (Rolka and Silverman 2015). Mainly, these web
applications have been designed as a low-cost approach for nonprofessionals as a
quick screening tool to identify people that may have dyslexia and should go to see
a professional. An overview of the cognitive skills tested in some tools is given in
Table 31.4. Next, we detail those tools for detecting children with dyslexia.

— Dytective (Rello et al. 2018, 2016) is a web-based game with different stages
to detect dyslexia with machine learning prediction models. The stages exist in
German, English, and Spanish. Each stage has a new task, e.g., search for a letter
by its name in a letter grid (see Fig.31.1, left) or search for a letter by its sound in
a letter grid (see Fig.31.1, right). Dytective in Spanish has an accuracy of almost
85% (Rello et al. 2016) while in English has 83% (Rello et al. 2018) for detecting
a person with dyslexia. The most informative features on the individual level are
how many correct and incorrect answers a participant has and they plan to include
other languages in the future.

— GraphoGame (Lyytinen et al. 2015) is a game to teach and to evaluate early
literacy skills. From their pre-analysis of children at risk in Finnish, they focus on
the delayed letter knowledge. Measurements are, for example, the phonological
manipulation, naming speed, or verbal short-term memory. It provides exercises
for children aged two to six.

— Lexercise Screener (Lexercise 2016) is an English screening tool for detecting
dyslexia. Children read familiar words and the parent records the child’s response.

Cognitive Cognitive

Exercise Type Skill Example Exercise Type Skill Example
- c g c d
Stage 1 u i e Stage 2
. y ) a e g g
Letter Orthographic illella Letter Phonelogical
recognition Processing recognition Awareness dllelinila
by name e o i by sound
e dib|ec

Fig.31.1 Example exercises of stage 1 (left) and stage 2 (right) from the dyslexia screener Dytective
(Rello et al. 2016)
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Table 31.4 Cognitive skills tested in different dyslexia screening tools for readers

Tools Dytective 2016, 2018 | GraphoGame 2015 Lexercise 2016 Nessy 2014
(Rello et al. 2016, (Lyytinen et al. 2015) | (Lexercise 2016) (Carbol 2014)
2018)

Languages Spanish English Finnish English English

Duration 10-15 min. n/a n/a ~20 min.

Skill

Memory general v v v

‘Working memory v v v

Visual word memory | v v v

Visual sequential v v

memory

Visual alphabetical v v

memory

Auditory sequential | v v

memory

Auditory v v

phonological memory

Processing speed v v

Language skills v v v

General

Alphabetic awareness | v* v

Lexical awareness v v

Morphological v v

awareness

Phonological v v v

awareness

Semantic awareness | v

Syllabic awareness v v

Syntactic awareness | v/ v

Executive functions v

General

Activation and v

attention

Sustained attention v

Simultaneous v

attention

This requires phonological awareness from the parents, which might be difficult
if the parents have been diagnosed with dyslexia themselves. Hence, a lack of
objectivity needs to be taken into account.
— Nessy (Nessy 2011; Carbol 2014) is an English screening tool for detecting
dyslexia. Exercises are designed to test many cognitive skills (see Table31.4). It
provides exercises for children aged 5-16 years and the test takes around 20 min.
The research summary published on their website reports the results of the multiple
regression analysis between the game and the comprehensive test of phonological

processing (Bruno 2000) with a strong correlation of almost 0.8.
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All of the web applications mentioned before are mainly designed for desktop or
laptop computers as well as for tablets.

To sum up, all these screening applications are language dependent. This means
on one hand that the content of the application needs to be adapted for every new
language which is time and resource consuming. On the other hand, only people
who already have language acquisition can be tested (i.e., children need a minimum
knowledge of phonological awareness, grammar, and vocabulary of the child to detect
or predict dyslexia). In practice, these tools can only screen children after the first
year of school and not earlier. Therefore, new ways of detecting the risk of having
dyslexia are needed for pre-readers.

31.4.2 Screening for Pre-readers

As we already pointed out, the difficulty in detecting dyslexia before children go to
school is the missing phonological awareness. To detect dyslexia in a child before,
they gain phonological awareness, new indicators of dyslexia need to be discovered
beside the ones mentioned in the previous subsection.

Expensive approaches predict future language acquisition of pre-readers e.g., with
brain recordings for newborns (Guttorm 2003), with rapid auditory cues for infants
(Benasich and Tallal 2002), and with the perception of visual-spatial attention for
kindergarten children (Franceschini et al. 2012).

As we have seen in the Introduction, other auditory and visual indicators do
not require reading ability, and may be useful in detecting dyslexia with a web
application. Hence, now we present different examples of approaches that aim to
predict dyslexia in pre-readers. All of them base their approach on indicators mainly
related to linguistic skills. This rationale is supported by the following assumptions:
(1) dyslexia does not develop when children come to school, but is already there
before, (2) linguistic related indicators can represent the difficulties a person with
dyslexia has with writing and reading, and (3) dyslexia can be measured through the
interaction behavior of a person. An overview of the cognitive skills tested in each
application is given in Table 31.5.

— AGTB 5-12 is a computer-based test for children from age five to twelve years
old (Hasselhorn 2012). In Germany, one of the first applications that was address-
ing the visual and phonological working memory (quoted after Irblich et al. 2013),
besides the linguistic skills and the working memory. On the product website, it
is stated that the Cronbach’s Alpha is between 0.58 and 0.98 for children from
the age of five till eight (Hasselhorn and Zoelch 2012). AGTB 5-12 is criticized
for the lack of objectivity for some tasks because the supervisor has to decide the
grading depending on the subjective knowledge (Irblich et al. 2013). Addition-
ally, the duration of over an hour and the detailed instructions are not suitable for
younger children. Although AGTB 5-12 aims to screen pre-readers is not specifi-
cally designed for smaller children.
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Table 31.5 Cognitive skills tested in dyslexia screeners for pre-readers

Tools AGTB 5-12 2012 | DYSL-X 2013 GC 2017 (Gaggi | Lexa 2018 (Poole | MusVis* 2018
(Irblich et al. (Van den etal. 2017) 2018) (Rauschenberger
2013; Hasselhorn | Audenaeren et al. 2018a)
and Zoelch 2012) | 2013; Geurts

etal. 2015)
Languages German Italian Italian English German
Spanish
English

Duration ~87 min. n/a Endless n/a 10-15 min.

Skills

Memory General | v/ v v

‘Working M. v

Short-term M. v 4

Auditory v

sequential M.

Auditory v v v

phonological M.

Processing speed v v

Language skills | v v

General

Alphabetic v v

awareness

Phonological v

awareness

*DGames has the same functionality as MusVis

— DYSL-X (also called DIESEL-X) aims to predict the possibility of a child having
dyslexia at the age of five (Van den Audenaeren 2013; Geurts et al. 2015). The three
mini games are designed to measure dyslexia using for example indicators like
letter knowledge, frequency modulation detection, and end-phoneme recognition
(Geurts et al. 2015). The games (for example, see Fig.31.2d) take one hour to
complete. The indicators are, for example, finding a letter that the child has been
told.

— Game-Collection (CG) has six games each with a different challenge and game-
play (Gaggi et al. 2017). The games use visual and auditory elements and an
evaluation was found only on the game interaction. The games explore the visual
cues and the temporal time perception for predicting dyslexia at the age of five
or six (Gaggi et al. 2012, 2017), although children of age three or four tested the
games as well. In the game, called Paths, a shape with similarities to the letter C
is used as an indicator (see Fig.31.2a). The game, called Fence Letters, tries to
distract a child while they close the lines to create a letter (see Fig.31.2c). The
usability test reported that children without dyslexia (n = 17) got a higher game
score, winning a and using less time than children with dyslexia risk (n = 6).

— Lexa (Poole 2018) is a prototype to detect dyslexia by the auditory processing
using oddity and rise time. The simple decision tree analysis of the lab study
data (Data was collected by Goswami et al. Goswami 2011) was used to find
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the most relevant features. A higher accuracy (89.2 vs. 53.8%) was found if no
preprocessing of the feature related to phonological processing was applied. The
researchers state that the biggest challenge in creating different rise times sounds
and if a child is guessing the answer.

— MusVis (Rauschenberger 2016; Rauschenberger et al. 2018a) and DGames
(Rauschenberger et al. 2018) address the visual and auditory perception with two
different games. MusVis was developed based on the experience of a pilot imple-
mentation called DysMusic (Rauschenberger et al. 2017). The statistical analysis
of the game measurements from 178 participants showed 8 significant indicators
(e.g., total clicks, time to the first click, hits, and efficiency) for Spanish. Over-
all languages, four indicators are still significant (e.g., total clicks, time to the
first click, hits, and efficiency). DGames (Rauschenberger et al. 2018) is a major
update from MusVis with the learnings of its online study (see Fig.31.2d). The
evaluation of MusVis and Dytective showed that people with dyslexia do not make
more mistakes, in spite that children with dyslexia are historically detected by
the spelling mistakes they make. Consequently, non-related linguistic visual and
musical content are included in DGames.

The web games presented focus mainly on a high-score gameplay, easy instruc-
tions, and colorful representation as well as story-based design. Besides AGTB 5-
12 (Hasselhorn 2012; Steinbrink and Lachmann 2014), which is the only one that
predicts the risk of dyslexia, all games are prototypes and have not been brought to
the market until now. However, so far, no evaluation for the prediction accuracy of
any of these games has been made public. Also, the focus for the prediction is mainly
on having letter knowledge and phonological awareness.

31.5 Dyslexia Intervention

Nowadays, reading and writing is still one of the great abilities to be successful in
our society. That is why after an (early) screening with the methods described in
the previous section, it is crucial to start also with an (early) intervention. Indeed,
an early intervention will give children with dyslexia the possibility to, (a) keep up
with their peers in learning how to read and write, (b) avoid frustration, and (c) be
not only defined by dyslexia. The success of the intervention depends on the time of
diagnosis, mother tongue and the degree of difficulties a person has.

The idea to use computers for education exist quite a while as a historical overview
from 1987 shows Kurland and Kurland (1987) and a few years later computer games
were already used for learning a language, e.g., Tim 7 on Windows 95 (Soft 2000).
But a person with dyslexia has specific difficulties, for example, in associating letter
representations and the corresponding phoneme especially to organize the sequence,
i.e., phonological awareness and information processing/sequence. That is why dif-
ferent approaches are necessary as well as many repetitions. A game has the potential
of longer engagement and a better training effect. The advantages of web application
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Fig. 31.2 Screen examples: a Paths game (Gaggi et al. 2012); b DGames (Rauschenberger et al.
2018); ¢ Fence letters game (Gaggi et al. 2012); and d DYSL-X (Van den Audenaeren 2013)

games are: (1) automatically shaping an individual’s learning curve, (2) engage in
a fun way of learning, (3) potential of long-term commitment to repeat exercises,
and (4) easily accessible through different devices, regions, and cultures. In the last
decade, the intervention of people with dyslexia has increased with tools such as the

examples that we present next. An overview of features for each application is given
in Table31.6.

— Dyseggxia is an iOS game made from the knowledge of the analysis from mistakes
children with dyslexia made (Rello et al. 2016; Rauschenberger et al. 2015, 2016).
The same learning approach is available in three different languages (Spanish,
English Rello et al. 2014, and German Rauschenberger et al. 2015). The evaluation
was done with 48 Spanish participants and showed that participants significantly
improved their spelling compared to the control game (Rello et al. 2014). The
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reading skills were not improved with this training but the experience gained from
building this application was used for DytectiveU.

— DytectiveU is a computer game that provides a holistic learning approach (Rello
et al. 2017; Rello 2018). The 25 cognitive abilities related to dyslexia are trained
with 40,000 exercises to also empower the strengths of children with dyslexia.
Exercises are designed with the knowledge from the analysis of spelling mistakes
from children with dyslexia and natural language processing techniques. A work-
shop was used to get a first feedback from families and professionals about the
functionality, i.e., gamification strategy or use of reports. In a longitudinal evalu-
ation, the participants either had only their professional treatment or additionally
played DytectiveU. All participants, independent if having or not a learning dis-
order (dyslexia or ADHD), significantly improved compared to the control group
after playing DytectiveU.

— Galexia (Serrano 2016) is an intervention app to train reading fluency and com-
prehension in a playful environment. The app uses two approaches: Repeating
reading and a recent one on accelerated reading, which may promote rapid and
automatic word recognition. The approaches are combined with a sequential train-
ing at syllable, word, and text reading level. The game has been developed to
engage participants with the gameplay to play longer without thinking about the
intervention purpose. The game is available for children in the second till the sixth
grade. The evaluation was done with an intensive training over 6 weeks with 46
participants native Spanish speakers (either diagnosed with dyslexia or poor read-
ers). The results show significant differences for all grades for all fluency reading
measures and comprehension measures. However, it can be argued that any child
would have improved with such an intensive training since a control group is miss-
ing. Galexia is in the Google Play Store in Spanish (Dev 2019) and English (Dev
2019).

— Game-Collection (Gaggi et al. 2012, 2017) has different games which aim to
screen and treat children at an early age. The screening part of GC is described
in Sect.31.4.2. The suggestion is that a daily treatment with these exercises will
improve the reading abilities of pre-readers. The additional assumption is that a
game can engage and motivate participants to do this daily treatment. Therefore,
the first evaluation was done with a high focus on playing the game for pre-readers.
The results show that the game is enjoyable and easy to play (67% of the children).
The game called Wizards, challenges the child with the question “Which sound
came first?” as the pre-readers were not able to discriminate the phoneme “A” from
“E”. They plan to evaluate their prediction approach in the future.

— Lernserver (Schonweiss and Schonweis 2014) is a tool to treat dyslexia in Ger-
man, defining the level of support the child needs from the standard spelling test
i.e., Mnsteraner Rechtschreibanalyse (MRA) (Mannhaupt 2006), and providing
support exercises. Since the screening is done with a conventional printed spelling
test MRA, we do not include this screening tool in the previous section. The exer-
cises are based on the analysis of 500,000 error words from children classified in
230 error categories (Schonweiss and Schonweis 2014). The learning exercises are
selected with an algorithm and a therapist depending on the errors a child makes in
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an initial test phase of 30-40 min. An evaluation with the Landesinstitut fiir Schule
found out that 78.2% of the students (n = 3798) improved their writing using this
tool (Flug 2016; BVL 2010) without a control group. Therefore, it is unknown if
the students improved because of the intervention of the program Lernserver or the
individual development of the children. In addition, children who did not attend
sessions or showed a lack of interest in the program were excluded. This condition
then increased the success rate of the study. Participants reported after the training
session that they felt more comfortable writing (84%) and noticing their own mis-
takes (82%). Although Lernserver is not a game, participants reported they liked
the application but did not like to reduce their free time.

— Nessy Reading and Spelling (Nessy Learning Ltd. 2019) is a web application
to treat children between the age of 5 and 14 in English and defining individual
support after using the Nessy Screener (see Sect.31.4.1. The evaluation published
on their website reports that students playing twice a week for 45 min improved on
average their reading and writing skills after 18 weeks. Additionally, 84% of the
participants reported having fun with this game. More details such as the evaluation
measures used and the number of participants are not given.

— Prosodiya is a serious mobile game that targets the intervention by learning the
syllable stress of the German orthography and embodied training (Holz et al. 2017)
for children from ages of 6—12. The six parts and various subparts provide each
time different linguistic or orthographic tasks and the whole game aims to use a
rule-based orthographic spelling training (Holz et al. 2017). The individual train-
ing is designed with difficulty levels for each subpart and an integrated learner
model. The preliminary study is mainly on the user experience and usability. Chil-
dren reported that they liked the game which was confirmed by their parents.
Additionally, the literacy process of participant was measured with the two stan-
dard tests for German: Diagnistischer Rechtschreibtest (DRT) (Miiller 2003) and
Salzburger Lese-/ und Rechtschreibtest (SLRT II) (Moll and Landerl 2010). The
spelling improvement is reported for six children with the DRT and the reading
improvement is reported for three children with the SLRT II. They plan to evaluate
the intervention approach in a long-term study with more children.

In many cases, there are no more details probably because some applications are
already products and other approaches are not open knowledge or are still under
development. Similar approaches for intervention are GraphoGame (Lyytinen et al.
2015), Lautarium (Prol 2016), mobile Intervention (Madeira et al. 2015), LegaKids
(LegaKids Stiftung 2019), or EasyLexia (Skiada et al. 2014).

Applications, mentioned above, train mainly for only one language with the excep-
tion of GraphoGame, Dyseggxia, DytectiveU and Galexia.

Nevertheless, similarities have been found in the error categories of children
with dyslexia having distinct native languages, e.g., German (Rauschenberger et al.
2016), English, or Spanish (Rello et al. 2016). The obvious reason these intervention
approaches target only one language is that languages are different (e.g., in grammat-
ical or orthographic rules). Also, adapting a technique to another language is very
time consuming or the approach itself must be changed.
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31.6 Discussion

Assistive technologies to improve reading and writing have been developed for years
but many challenges remain. Not only people with dyslexia benefits from these devel-
opments but every person as well. Some of them are also beneficial for other disorders
or disabilities such as text to speech for a person with visual impairments, text sim-
plification for a person with cognitive disabilities or certain layout and presentation
characteristics are also better for people without dyslexia, to mention just some cases.

Research is targeting dyslexia to avoid reading and spelling mistakes or to learn
from the mistakes people with dyslexia make, which depend on the language. New
approaches to screening (Rauschenberger et al. 2018a) or intervene dyslexia (Rello
et al. 2014) are based in machine learning. In particular, how to create exercises for
intervention depend on the language structure and are difficult to design, even though
DytectiveU is already working on this. Also challenging is the degree of personal-
ization on individual learning as well as the engagement to keep on practicing. The
assumption is that an early detection for pre-readers is more helpful than traditional
detection tests. An early detection means also early intervention and probably a faster
and lasting knowledge of reading and writing.

Evaluating of a tool improved the reading and writing of a person with dyslexia
can be easily examined by measuring the number of errors. But evaluating the lon-
gitudinal effect of learning considering external factors is much harder to study. The
analysis of data collected through online experiments with a larger number of partic-
ipants will improve future detection and intervention tools, surely involving machine
learning and other data science methods. Indeed, since we are dealing with a social
problem, we should make sure we detect everyone with dyslexia and interview many
more people over the years instead of not detecting people with dyslexia that may
fail at school. This applies for any prediction process related to health issues.

Another interesting recent result is that people with dyslexia do not see mis-
spellings and then their comprehension is not affected by them. This is not the case
for people without dyslexia, so adding misspellings in reading comprehension tests
levels the field (Baeza-Yates and Rello 2017).

31.7 Future Directions

On one hand, the possibilities to explore dyslexia on the web, with the web, or for the
web has increased successfully in the past years. On the other hand, little is known
about the social effects: What kind of feedback is a person receiving when writing on
the web with spelling mistakes? How is the, apparently, negative feedback affecting
a person’s writing or personality? Is the time and effort a person with dyslexia has
to spend on writing correctly a daily bias because they can not spend time on other
things to succeed?
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So far, the focus is mainly on writing and reading itself and future research could
take advantage of the strength that a person with dyslexia uses to compensate the
challenges of reading and writing. As a person with visual impairments trains other
perception competences, i.e., hearing or touch sense, a person with dyslexia must
train other areas to compensate for the difficulties with texts. These compensation
strategies might lead to a better understanding of dyslexia and improve the guidelines
for presenting (digital) text or support (digital) writing. Apart from that, the bias a
person with dyslexia faces in their daily routine on the web in social media or through
conversations has an impact on each individual and on the content of the web. When
exploring user created content or predicting diseases a multi-modal approach is
needed (i.e., including different computer science fields such as HCI, IR, and ML;
as well as other disciplines like psychology) to also capture comorbidity. Assistance
when writing on a computer is helpful, but in mobile input techniques such as swiftkey
or 19, an additional challenge is when the spelling of the word is not obvious. At this
point, an insuperable issue is writing in different languages with the mobile input
methods while having dyslexia. There is no tool to support a person with dyslexia
when for example writing in English on Twitter and a moment later in German on
Facebook or WhatsApp. Similar words in these languages are frequent (e.g., German
vor ( “before/in front of ) and English for) and not detected or prevented.

Using web technologies not only to provide assistive but to set up online experi-
ments or large-scale studies is another possible future direction of web accessibility.
As well, in the future, the daily routine of the user with the Internet-of-Things for a
person of dyslexia might give more information of the origin of dyslexia and how to
design better assistive technology.

Recently, the behavior of searchers with dyslexia analyzing web search results
have been explored to investigate the relation of lexical and esthetic features on their
impact toward text judgment and readability (Morris 2018; Fourney et al. 2018). The
formulation of a query, deciding the link to click, and the examination within the
document negatively impacts a searcher with dyslexia. The study with 174 adults
with dyslexia and 172 without dyslexia suspects that certain parameters improve the
web search results readability for both populations, i.e., line length, image size, and
sentence text ratio. The authors explored the choice of text relevance and found a
central tendency bias, i.e., participants with dyslexia rated on average lower and in
a smaller region on the ratings scale. The authors explain this with the assumption
that a person with dyslexia has difficulties to differentiate between relevant and
nonrelevant documents. More research needs to be done in this problem and other
problems where the task is composed of several steps.

31.8 Authors’ Opinion of the Field

The use of text customization, simplification, and text to speech are already very well
studied with several assistive applications designed. It seems that these research areas
has nearly reached their limit. Still updates need to be done for each new device or
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technology (e.g., tablet, smartphone, and reader), innovation approach (e.g., machine
learning algorithm), design evaluation for Usability and User Experience (e.g., with
the User Experience Questionnaire Rauschenberger et al. 2013) and especially for
each new contribution of the understand dyslexia (e.g., a person with dyslexia is
lacking a visual asymmetry Le Floch and Ropars 2017). However, only after we
fully understand the difficulties of a person with dyslexia while reading a text, we
might reach the end of our research.

The field has evolved and took new directions into the detection and intervention
through web-based applications. It is not only about assistive tools to understand
what has been written or how to write correctly. Rather, the web is now a place to
explore and study dyslexia with web methods.

Communication, training, and support to limit spelling mistakes in the text are the
obvious solutions to improve the writing of a person with dyslexia. Early detection is
the key for supporting a person with dyslexia to succeed. They can succeed without
it but then it is much harder. Therefore, we should not wait for a person to fail before
helping.

31.9 Conclusions

The technology presented in this chapter gives an overview of different approaches
on how to assist people with dyslexia. The main focus was to show different research
areas and their use with relation to the web. The first two sections refer to technology
for supporting reading and writing, in the line of traditional assistive web technology.
The relative new research field of detection and intervention is creating applications
accessible through the web to screen for a person with dyslexia or to treat a person
with dyslexia, with newer ones using the power of machine learning. Additionally,
this research area opens up the opportunity to use the web for medium-scale online
experiments to prove a hypothesis related to underrepresented target groups. Web
technologies are now daily used and people with dyslexia should be empowered to
use the web through them, as well as use web games to engage for repeatedly and
challenging tasks.
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