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Reading Trainer® an internet-based platform to train reading fluency and accuracy in developmental dyslexia
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Short Abstract: 
Starting froma single case report of developmental dyslexia, this paper describes a procedure to improve fluency and accuracy via an internet-based platform.
Long Abstract :
Developmental dyslexia is a common learning disorder affecting around 3-5% of the school population and extend its effects into adult hood. As a consequence, there is an international effort to find efficient procedures exploiting the neurocognitive plasticity of the human brain in order to improve reading accuracy and fluency1,2,3,4,10,11.

In this paper, we will describe a practical procedure for devising personalised training, starting from a psycholinguistic assessment of reading and implemented through an internet-based platform which allows a continuous online check of training effects so as to adapt to the observed changes. Even if there are already multiple single cases results, only a single case report will be presented to describe the procedure in detail. This procedure is easily adaptable to all regular and irregular orthographies. 
Case Presentation: 
The participant is a 10 years-old girl attending the fifth grade with a history of reading delay associated with dysgraphia since her the first grade. She received a diagnosis of developmental dyslexia according to the ICD-10, 2010 version5 at the outset of her fifth grade. 

Diagnosis, Assessment, and Treatment Plan: 

Her reading was assessed through a standardized comprehensive psycholinguistic battery validated for the Italian population, which allows the measurement of reading fluency and accuracy in reading a text, list of words and nonwords6 .  The results show a profile of mixed phonological and lexical dyslexia and an reading age level of first grade.

The treatment plan aims to improve reading accuracy and fluency by reading texts with visual and visuo-attentional facilitations for syllables identification. The treatment protocol consists of one session a week in the clinic and four session at home of 20 minutes.
Procedure:  
The use of Reading Trainer®  to improve fluency and accuracy of dyslexic children.
Software description: This software is implemented as an internet-based platform. Consequently the main advantages when compared with to installed programs, are: a) the software and all connected materials (text library, sessions data, etc.) are resident in a distant server and need not be installed or saved on a personal computer. This provides a continuously update of the software, an easy portability, and higher security for personal data. It does therefore require an internet connection but it need not be the DSL type, and b) the ability to check the results of each session and to modify the parameters to facilitate reading at distance, allowing the treatment supervisor to manage multiple participants simultaneously as they train at home, saving time and money compared to the training sessions delivered at a supervisor’s clinic or service, and therefore also an important reduction in their waiting lists (see Figure 1).
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Figure 1: Visual sketch of Reading Trainer® internet-based platform
Procedure: After an accurate psycholinguistic assessment of reading that must include accuracy and fluency measures related to text, isolated words and nonwords, the clinician decides which options should be chosen, in order to improve the reading level of each single patient in the “Settings” menu (see Figure 2)
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Figure 2: Screenshot of the Settings menu

Opening the “Settings” menu, it is first necessary to 
1 -define the goals related to fluency and accuracy when reading a text. Given that these goals can be easily changed, it is recommended that a level be set that is just above that observed in the assessment, in order to reinforce the motivation and the efforts of the trainee.
2- The second decision is related to cursor movement within the text. The choice is between a manual movement pressing the space bar of the keyboard, or an automatic movement at the speed indicated in previous step. We recommend using automatic movement only when a reading level is fluent and mostly accurate (above 90% of words) and only when the psycholinguistic unit to be identified (see step 4)  is the morpheme or whole word, that is when reading is mainly based upon a lexical approach .
3- In the “Text Presentation” menu there are options relating to how to present the text. The more “ecological option”, is “full text”, the other three options serve to facilitate some visuo-spatial processes. The “Attentional Focus” option simulates the visuo-attentional focus during reading. The “Reading Unit” option will present the text by showing the psycholinguistic reading units, chosen in the following “Reading Unit” menu, one by one. The fourth option, “Remaining Text” will delete the text before the cursor in order to force right to left visual scanning.
4- In the “Reading Unit” menu it is possible to choose which psycholinguistic unit to facilitate in the text. The options are “grapheme”, “syllable”, “morpheme” and “(whole) word”. 
5- In the “Facilitation” menu, it is possible to select options to facilitate the visuo-attentional identification of the reading units chosen in the previous menu. The options are “bold”, “negative colour” and “underlined”.

6- The “Background” menu is less important as it is related to the visual appearance of the sheet of the text.
7- The “Text to Speech” menu, on the other hand is very important. It allows the simultaneous or delayed hearing of the chosen reading unit when it is underlined with the cursor. 
8- In the “Formatting” menu, it is possible to choose options to facilitate visual appearance of the reading units setting the height of the grapheme and their presentation “with” or “sans serif”. Another important option allows a reduction of the crowding effect7,8,9, if present, spacing the graphemes of the text more widely.

9-  In the final menu “Self Adaptive Parameters” it is possible to define when the fluency goal must be increased according to results obtained in the previous trials. 
The text to be read can be chosen from the  library provided with the software, but it is easy to add further texts to meet reader preference for content and the length of tparagraphs, simply pasting them into the “Library” menu and allowing the software to prepare them for presentation according to the “Parameters Definition” options. Furthermore the software calculates the “Readability Index” following the Gulpease
 algorithm. 
Outcome Results: 
The fluency and accuracy improvement over the three months of intervention, is represented in Figure 3a and 3b respectively.
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Figure 3a: Fluency improvement from pre intervention.
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Figure 3b: Accuracy improvement from pre intervention
During the intervention, it is possible to check the results daily (see Figure 4) controlling the time devoted to the training and the texts read. Furthermore it is also possible to adjust the options in the “Parameter Definition” menu when necessary.
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Figure 4: Representation of the results obtained daily.

Discussion: 
The critical steps, are the appropriate selection of options in the “Parameter Definition” menu. These options cannot be selected by a software, but only by an expert in the treatment of developmental dyslexia. 

Compared to existing methods, Reading Trainer® is unique in offering multiple options to facilitate sublexical and lexical reading unit identification for reading texts. Furthermore it is an internet-based platform which overcomes the limitations of having resident software installed and allow a remote control of training and options selection offering  the possibility of supervising the treatment of more patients at home or at school and in particular the opportunity to supervise those who cannot attend clinic because of its distance from their home.
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� Gulpease Index = 89 - (Lp / 10) + (3 × Fr); where: Lp = (100 × total of graphemes) / Total of words and Fr = (100 × total sentences) / total of words
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