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Abstract 

The “Easy Reading” framework improves cognitive accessibility of original digital documents 

by providing real time personalization through annotation (using e.g. symbol, pictures, videos), 

adaptation (using e.g. layout, structure) and translation (using e.g Easy-to-Read, Plain Language, symbol 

writing systems). The framework provides these (semi-)automated services using HCI techniques (e.g. 

pop-ups/ Text-To-Speech (TTS)/captions through mouse-over or eyetracking) allowing the user to remain 

and work within the original digital document. This fosters independent access and keeps the user in the 

inclusive discourse about the original content. Services adapt to each user through a personal profile 

based on the level of performance, understanding, preferences, mood, attention, context and the 

individual learning curve of a user. 
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Introduction 

People with disabilities use assistive technologies (ATs) as a key asset to communicate 

and to participate in the (digital) information society. There is a focus of ATs in supporting 

people with physical, communication and sensory disabilities. Accessibility for “perceiving” and 

“operating” content is well understood and the identified general principles and tools (e.g. 

WCAG 2.0) are known and widespread. Several accessibility functionalities became key 

usability features and were implemented in mainstream software and devices for personalized 

multimodal / multimedia access. The situation is considerably different for cognitive 

accessibility or the understandability principle of WCAG 2.0. Furthermore, it is way more 

challenging to design and implement (digital) content that supports people with weak language 

and reading skills in understanding, navigating, using and interacting. Requirements, concepts 

and techniques to support understanding and content processing are less obvious and in 

particular diverse - differing in target group and also from person to person. Individual skills and 

know-how are based on the personal learning and support history, often embedded in difficult 

socio-psychological settings. In this paper we want to present a new generic framework for 

assistive technology supporting people with cognitive disabilities to better understand and 

operate web content by providing personalized information, adaption of content and help to the 

individual user when working with digital original content, what differs considerably from 

traditional approaches tending towards more general translation and adaptation of content and 

tearing the user away from the digital original. 

State of the Art and Motivation 

People with cognitive disabilities can be supported with assistive technologies that help 

them to understand and comprehend content that they do not understand and with accessible 
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content. Current guidelines like the WCAG 2.0 or the IBM Accessibility Checklist for Software 

do only consider cognitive accessibility in general terms. However there is an ongoing trend to 

also include cognitive accessibility in these guidelines. The W3C/WAI is currently updating 

WCAG to version 2.1 (https://www.w3.org/TR/WCAG21/), to improve the standard for people 

with cognitive and learning disabilities, low vision, and using mobile devices. Several new 

success criteria are proposed for cognitive and learning disabilities.  

Besides guidelines for accessibility a broad spectrum of concepts, methods, techniques 

and tools to support people with cognitive disabilities has been developed, mostly in settings for 

medical diagnosis and therapy or education and training. They all provide important and useful 

features but lack in personalization for individual users and adaptation to changing contexts: 

• Plain language and Easy- to-Read tools: Linguistics, language technology and Natural

Language Processing (NLP) research grammar and style-checking (sometimes called

Controlled Language), translation, annotation and enhancement and summarizing of

content (Miesenberger, Klaus and Andrea Petz. Easy-to-Read on the Web: State of the

Art and Needed Research.) (McCarthy, Philip M., and Chutima Denecke. Applied natural

language processing: identification, investigation, and resolution).

• Annotating content with alternative expressions, images and multimedia: (e.g.

explanatory text, symbols, pictures, graphs, animations, videos) is a key feature in R&D

in speech disabilities and Augmentative and Alternative Communication (AAC) (Fager

Susan, et al. “Access to Augmentative and Alternative Communication: New

Technologies and Clinical Decision-Making.”).

• Text to speech / speech to text: Switching from written format to audio or vice versa or

using both formats in parallel is beneficial for many users with cognitive disabilities.

https://www.w3.org/TR/WCAG21/
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• Structure and layout adaption: The demand for adapting structure and layout for

accessibility has been high on the agenda since long (e.g. in WCAG) and many aspects

have entered mainstream due to the demand for responsive design in particular related

device independence and usability issues (Mohorovicic, Sanja. “Implementing responsive

web design for enhanced web presence.”).

Other supportive functionalities and tools: 

• Memory support (recorder, collections as dictionaries, wikis and marker),

• Conceptualizing and problem solving (forms, mind maps, templates, concept tools,

summarizing tools, tables of content, lists)

• Workflow support tools (for e.g. daily living, job), attention/motivation

• Writing tools: recording, editing, speech/handwriting recognition, spelling/grammar

checkers, word/concept prediction, predictive typing

These guidelines and tools help improving accessibility, however they have drawbacks: 

The guidelines are directed towards content creators and although legislation in several 

countries is more and more demanding accessible webpages, the percentage of webpages not 

conforming to WCAG2.0 is still very high. Even if WCAG2.1 would develop new guidelines 

that support cognitive accessibility, it is highly unlikely that many webpages will implement 

them, as this would only imply more requirements on content creators. 

Also, most of today’s tools do not adapt to the personal users’ needs and preferences and 

are made as a solution of one aspect of cognitive accessibility. Cognitive accessibility is very 

personal and based on the personal knowledge, skills and preferences some users with cognitive 

disabilities prefer to read text with symbol annotation, while others get distracted by those 

symbols. Some prefer to read by themselves or listen to synthetic speech, or even have a 
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combination of text with symbol annotation and synthetic speech. Therefore many different tools 

have to be used which then might conflict with each other and are difficult to setup. 

 As a result there is a demand for AT that automatically adapts to the users’ needs 

converting content on demand into a version that is optimized and understandable for the 

individual user when working with original content. 

The Easy Reading Framework 

To overcome the mentioned drawbacks we are currently implementing a new scalable 

framework of Assistive Technologies for people with cognitive disabilities that will combine 

many solutions to a saleable and adaptable framework of solutions. The “Easy Reading” 

framework will provide real time personalization through annotation (using e.g. symbol, 

pictures, video), adaptation (using e.g. layout, structure) and translation (using e.g Easy-to-Read, 

Plain Language, symbol writing systems) at the digital original. The framework provides these 

(semi-)automated services using HCI techniques (e.g. pop-ups/ Text-To-Speech (TTS)/captions 

through mouse-over or eye-tracking) allowing the user to remain and work within the original 

digital document. This fosters independent access and keeps the user in the inclusive discourse 

about the original content. 

The architecture of the EasyReading framework consists of three parts: 

• Profile server: Stores user profiles that cover the abilities and preferences of a user in a

secure way

• Client: Users will be able to use the framework by installing an app on their mobile

device or by installing a browser plugin.

• Cloud Service:  Cloud services host engines that will convert content, structure and

layout/presentation of web pages into a different easier to understand forms. The
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conversion engines can be something very basic like a dictionary for loanwords or 

something very complex like engines that analyze the meaning of a sentence or 

rearranging display and interaction modalities. The engines are controlled by the user 

profile allowing a personalized response. 

Based on the user profile, the user-interface and HCI paradigms used in the client change for the 

individual user. Users of the framework will be able to convert content that is not understandable 

with the use of the cloud service. The result is then displayed within the client or the webpage 

itself. 

Another advantage of this architecture is that engines that up to date are no feasible to 

implement can be simulated. For example a conversion into plain language or Easy-To-Read can 

be made for a single page and then be used as output of a static conversion engine.  

By this new features can validated before an engine has to be implemented. If the 

simulated engine proved to be a valuable asset for people with cognitive disabilities, real 

research and development of the engine can be triggered. 

Working with the Digital Original 

Finally we see it as the core advantage of EasyReading that the personalized support 

functionalities are provided at the digital original. State of the art support features tend to set up a 

separate user experience, mostly static translations. The EasyReading solutions intends to allow 

the user to get personalized support at the original, stay with the original and to become step by 

step more independent as the framework and the user learn. This also provides a new way of 

service provision in terms of working towards more independence of the user and transferability 

of developed digital skills. 
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Interface and Interaction Design 

As the abilities, preferences and knowledge domain differ very much from user to user, it 

is not feasible to create a standardized user interface that would suit every user. Therefore the 

EasyReading framework allows to build a customizable dynamic user interface that adapts to the 

skills and preferences stored in the user profile. To achieve this, the user interface builder within 

the framework consists of three components: 

• Presentation Engine: This engine host different, configurable and combinable concepts of

user interfaces that are presented to the end user.

• HCI Engine: The HCI engine stores different ways of triggering actions and interaction

within the user interface

• Result Renderer: Like the presentation engine the result renderer hosts different,

configurable and combinable concepts, to render conversion results of the framework and

present it to the user.

Depending on the user profile the user interface builder combines suitable concepts of the 

components to create a personalized user interface. For the presentation of the user interface 

currently 4 concepts are implemented: 

• Overlay within the webpage: A customizable container with controls that is injected in

the current webpage, allowing users to trigger actions

• Sidebar: Controls rendered in the sidebar of the browser. Currently this is only supported

in Firefox as Google Chromes extension API does not allow a sidebar.

• Slide in interface: This is a variant of the overlay interface mentioned before. This

interface is minimized embedded in the webpage and slides in from one side on demand.
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• Avatar based: An avatar is rendered that interacts with the user whenever he has a

problem. Within a dialog mode, the different options are shown that allow the user to

convert content.

These interfaces can be used in combination with different concepts of the HCI engine, allowing 

the user to interact with the UI in the preferred way. Currently these concepts are separated into 

active (users trigger an action) and passive (actions are triggered based on the users’ behavior) 

concepts: 

• Active:

o Click/Touch elements within the user interface are triggered by mouse/touch

down or mouse/touch up

o Keyboard/Switches: For users that are not able to operate standard pointing

devices a keyboard or switch access scanning mechanisms can be used.

o Natural language interface: Users are able to trigger an action by using simple

voice commands

• Passive:

o Actions can also be passively triggered. The framework uses sensors that estimate

the current focus of the user, and according to the profile and a threshold, trigger

an action.

After a conversion the result is then rendered depending on the user preferences using the result 

renderer. Currently these 4 concepts are implemented: 

• Tooltip: The result is rendered as a tooltip within the user-interface.

• Replacement: Actual content is replaced with the simplified content.

• User Interface: The result is displayed within the current user interface of the user.
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• Audio feedback: The result is transmitted with audio utilizing a text to speech engine.

EasyReading Prototype 

The framework is currently in development with the first user tests being made. Figure 1 shows 

one of the many possible user interfaces that the client of the framework offers.  

Fig. 1. EasyReading framework used on the German Wikipedia entry for bird. 

Here the user interface is directly embedded into the webpage allowing the user to 

increase decrease font size and to get additional information. The user searched already for an 

alternative image for the word Vögel (German word for bird) that was displayed as a tooltip over 

the word visible when hovering. He also searched for more information on the word “Merkmale” 

that was displayed inline in the user interface itself. 
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