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1 Introduction

The main aim of this document is to provide an analysis of the existing standards, in order to drive the work towards user modelling and standardisation of the “Virtual User Modelling and Simulation" cluster of EC co-funded projects VERITAS, GUIDE, VICON and MyUI.

Also the document presents the relevance of VERITAS User Modelling approach with the existing standards, methodologies and techniques related to User Modelling. 

User Modelling process consists of many different aspects, including the interaction of the user with interfaces and devices, the analysis of user tasks and the analysis of user characteristics (sensory, physical and cognitive abilities, psychological and behavioural characteristics).
This document consists of:

· An overview of the most relevant to User Modelling standards and a comparative analysis between them. 
· An overview and a comparative analysis of the most widely known User Interface Description languages.

· An overview and a comparative analysis of the most widely known Task Modelling techniques.
· The preliminary version of the VERITAS User Modelling Methodology

· VERITAS requirements from the existing standards

· The potential use of the existing standards in VERITAS
· The potential contribution of VERITAS to the existing standards
2 Relevant Standards and Methodologies
This chapter analyzes Standards related to user modelling along with popular methodologies and languages for user interface description and task modelling. For each individual element an overview is initially given followed by a brief analysis of its relevance to user modelling. Sections ‎2.1, ‎2.2 and ‎2.3 conclude with comparative tables illustrating the major advantages and weaknesses of existing standards and methodologies in the context of a user modelling framework.

2.1 Standards Related to User Modeling

The existing standards related to User Modelling provide guidance to ICT and non-ICT product and service designers on issues and design practices related to Human Factors. They aim to help designers and developers to maximize the level of usability of products and services by providing a comprehensive set of Human Factors design guidelines and meta-models in machine-readable formats.

2.1.1 Standards Related to User Modelling - Overview

2.1.1.1 ETSI TS 102 747; Human Factors (HF); Personalization and User Profile Management; Architectural Framework

ETSI TS 102 747 defines an architectural framework supporting the personalization and user profile management concepts described in EG 202 325. ETSI TS 102 747 addresses issues related to network requirements, functions and procedures. It also covers User Profile security and privacy issues.

Capabilities provided by the architecture are:

· data editing (e.g. creation, templates, update);

· data storage;

· synchronization;

· backup;

· access control respecting user preferences and legal policies;

Profile solutions within the scope of the “ETSI TS 102 747” standard are:

· those provided for the primary benefit of the end-user;

· those which the end-user has rights to manage the profile contents;

· those where the end-user has the right to have a dialogue with the information owning stakeholder.

The key aim of the architecture is to allow many devices to share a single profile, either in full or in part (referred to as a profile component), and to allow some profile data items of the profile to be set depending on the context in which the device or service is operating.
	Standard’s potential relevance to User Modelling

	ETSI TS 102 747 is very relevant to User Modelling as:
· It specifies the main requirements of a user profile management architecture and provides recommendations in order to fulfil these requirements.


2.1.1.2 ETSI ES 202 746; Human Factors (HF); Personalization and User Profile Management; User Profile Preferences and Information

The “ETSI ES 202 746” standard specifies information and preferences, which are choices made by the user, that will result in driving the behaviour of the system, and builds on the user profile concept described in EG 202 325. The concept of a user profile usually refers to a set of preferences, information and rules that are used by a device or service to deliver a customized version of capabilities to the user. In practice, most devices and services contain profiles specific to that product and unrelated to any other. This requires that, on change of service or device, the user has to re-educate themselves in how to personalize their services or devices and re-enter their information and preferences. This will result in variable success rate and user satisfaction.
In general, a profile contains:

· Information: data about or related to the user (e.g. name, address).

· Preferences: choices made by the user about a given parameter that will define or modify the system behaviour. More complex preferences can be expressed in the form of rules (see below). 

NOTE:
When something is considered essential to the user, it would be more appropriate if a preference is instead called a "need" (e.g. a blind user sets the modality to "sound"). However, for simplification, in the present document the word "preference" is used. 

· Rules: statements that can be automatically interpreted in order to define or modify the system behaviour.

More specifically, the profile is organized into several blocks. The major organisational units of the profile are:

· Personal information: data about or related to the user (e.g. name, address, location).

· Human centred preferences: These are the overall preferences that might apply across the user's usage of a wide variety of different devices and services. 

As these preferences are not mapped precisely to specific features of services and devices, they may be presented in ways that must be interpreted before they can be used as the definition for a precise setting for a service or device feature.

· Service/device category related information and preferences: The information and preferences in this clause are related to service categories (e.g. Communications services), further sub-categories of the service category (e.g. Realtime communication), and specific services/devices. 
	Standard’s potential relevance to User Modelling

	ETSI ES 202 746  is very relevant to User Modelling as:
· It specifies user’s preferences including needs of people with disabilities.
· It specifies device related preferences (including assistive devices, such as Braille, etc.).
· It provides UML class diagrams describing the structure of the user profile.
· It provides a set of categorized preferences related to disabilities, concerning visual, motor and hearing impairments as well as cognitive and learning difficulties.


2.1.1.3 ISO/IEC 24751-1:2008 (Information technology -- Individualized adaptability and accessibility in e-learning, education and training -- Part 1: Framework and reference model)
ISO/IEC 24751 is intended to facilitate the matching of individual user needs and preferences with educational digital resources that meet those needs and preferences. It is intended to address mismatches between personal needs and preferences caused by any number of circumstances, including requirements related to client devices, environments, language proficiency or abilities. The terms and definitions within ISO/IEC 24751 are not judgmental but functional; the purpose is not to point out flaws in educational digital resources with respect to accessibility and adaptability, but to facilitate the discovery and use of the most appropriate content components for each user.

In ISO/IEC 24751, it is recognized that learners experience a disability when there is a mismatch between the learner's needs (or preferences) and the education or learning experience delivered. Disability is therefore not viewed as a personal trait but as a consequence of the relationship between a learner and a learning environment or resource delivery system. An individual who is blind is not disabled when the lesson is delivered in audio, but an individual who does not have the necessary background knowledge to understand the lesson, or an individual who is listening to the lesson in a noisy environment, is disabled. Given this reframing, a learning environment is accessible when learner needs can be addressed or matched (through adaptation, re-aggregation or substitution of digital learning resources). Accessibility is determined by the flexibility of the learning environment (with respect to presentation, control methods, structure, access mode, and learner supports, for example) and the availability of adequate alternative-but-equivalent content and activities. The needs and preferences of a user may arise from the user's context or environment, the technical requirements of the user's device, the tools available (e.g. assistive technologies such as Braille devices, voice recognition systems, alternative keyboards, etc.), the user's background, or a disability in the traditional sense. Accessible systems adjust the user interface or configuration of the learning environment, locate needed resources and adjust the resources to match the characteristics of the resources to the needs and preferences of a user.

This part of ISO/IEC 24751 provides a common framework for additional parts. These additional parts provide two complementary sets of information:

· the description of a learner's accessibility needs and preferences, including

1) how digital resources are to be displayed and structured,

2) how digital resources are to be controlled and operated, and

3) what supplementary or alternative digital resources are to be supplied;

· the description of the characteristics of the resource that affect how it can be perceived, understood or interacted with by a user, including

1) what sensory modalities are used in the resource,

2) the ways in which the resource is adaptable (i.e. whether text can be transformed automatically),

3) the methods of input the resource accepts, and

4) the available alternatives.

	Standard’s potential relevance to User Modelling

	ISO/IEC 24751-1:2008 is very relevant to User Modelling as:

· It provides a common framework to describe and specify learner needs and preferences on the one hand and the corresponding description of the digital learning resources on the other hand so that individual learner preferences and needs can be matched with the appropriate user interface tools and digital learning resources.

· It provides a UML diagram representing the abstract model of the user needs and preferences as well as the digital resources and resource delivery systems.
· It provides a UML process diagram illustrating a possible process for matching a digital resource to user’s needs and preferences.


2.1.1.4 ISO/IEC 24751-2:2008 (Information technology -- Individualized adaptability and accessibility in e-learning, education and training -- Part 2: "Access for all" personal needs and preferences for digital delivery)

This part of ISO/IEC 24751 provides a common information model for describing the learner or user needs and preferences when accessing digitally delivered resources or services. This description is one side of a pair of descriptions used in matching user needs and preferences with digital delivery (as described in ISO/IEC 24751-1). This model divides the personal needs and preferences of the learner or user into three categories:

a. Display: how resources are to be presented and structured;

b. Control: how resources are to be controlled and operated; and,

c. Content: what supplementary or alternative resources are to be supplied.

This part of ISO/IEC 24751 is intended to meet the needs of learners with disabilities (as defined in ISO/IEC 24751-1) and of anyone in a disabling context.

The purpose of this part of ISO/IEC 24751 is to provide a machine-readable method of stating user needs and preferences with respect to digitally based education or learning. This part of ISO/IEC 24751 can be used independently, for example to deliver the required or desired user interface to the learner/user, or in combination with ISO/IEC 24751-3 to deliver digital resources that meet a user’s needs and preferences.
	Standard’s potential relevance to User Modelling

	ISO/IEC 24751-2:2008 is very relevant to User Modelling as:

· It focuses on meeting the needs of learners with disabilities in a disabling context.
· It provides a machine-readable method of stating user needs and preferences with respect to digitally based education or learning. 

· It provides a detailed model which includes a large set of attributes concerning the human-computer interaction in general as well as in the context of assistive technologies usage.


2.1.1.5 MARIA XML

One important evolution in software applications is the spread of service-oriented architectures in ubiquitous environments. Such environments are characterized by a wide set of interactive devices, with interactive applications that exploit a number of functionalities developed beforehand and encapsulated in Web services.

MARIA XML [‎3] is a novel model-based UIDL, which can provide useful support both at design and runtime for these types of applications. MariaXML is the successor of TeresaXML in order to support dynamic behaviors, events, rich internet applications, multi-target user interfaces, in particular those based on web services. In this way, it is possible to have a UI specified in MariaXML attached to a web service. At runtime the language is exploited to support dynamic generation of user interfaces adapted to the different devices at hand during the user interface migration process, which is particularly important in ubiquitous environments. 

MariaXML is also compatible with the Cameleon Reference Framework [‎4].
	Standard’s potential relevance to User Modelling

	MARIA XML is quite relevant to User Modelling as:
· It supports dynamic generation of user interfaces adapted to different devices.
· It is strongly-related to ConcurTaskTrees (CTT), which is a very popular approach for task models development. If a web service is considered as a system task (a task whose performance is entirely allocated to the application), a corresponding task model (as a workflow describing the functionality of the web service) expressed in CTT can be developed. Once the task model has been obtained, it is possible to generate the various UI descriptions in a top-down manner, and then refine them up to the implementation, by using the MARIA tool.
· It provides meta-models that describe in detail the design of the user interfaces.


2.1.1.6 W3C Delivery Context Ontology

The Delivery Context Ontology provides a formal model of the characteristics of the environment in which devices interact with the Web or other services. The Delivery Context includes the characteristics of the Device, the software used to access the service and the Network providing the connection among others.

The Delivery Context is an important source of information that can be exploited to create context-aware applications, thus providing a compelling user experience.

The ontology is formally specified in the Web Ontology Language (OWL). This document describes the ontology and gives details of each term that it contains.

The normative definition of the ontology terms is generated automatically from the OWL file.
	Standard’s potential relevance to User Modelling

	W3C Delivery Context Ontology is very relevant to User Modelling as:
· It can be used to adapt web content & applications to make them useable on a wide range of different devices (including assistive devices) with different capabilities.
· The Ontology represents a normative, common understanding about the Delivery Context. As such it can be used as a normative reference to create specific vocabularies, while at the same time enabling the interoperability between them.
· The Delivery Context Ontology itself constitutes a vocabulary of terms and can be used in conjunction with generic APIs for retrieving Context Properties, such as DCCI
.


2.1.1.7 W3C Composite Capability/Preference Profiles (CC/PP)
A CC/PP profile is a description of device capabilities and user preferences that can be used to guide the adaptation of content presented to that device. "profile" does not refer to a subset of a particular specification, for example the CSS Mobile profile, but refers to the document(s) exchanged between devices that describe the capabilities of a device.

As the number and variety of devices connected to the Internet grow, there is a corresponding increase in the need to deliver content that is tailored to the capabilities of different devices. Some limited techniques, such as HTTP 'accept' headers and HTML 'alt=' attributes, already exist. As part of a framework for content adaptation and contextualization, a general purpose profile format is required that can describe the capabilities of a user agent and preferences of its user. CC/PP is designed to be such a format.

CC/PP is based on RDF, the Resource Description Framework, which was designed by the W3C as a general purpose metadata description language. RDF provides the framework with the basic tools for both vocabulary extensibility, via XML namespaces, and interoperability. RDF is a standard format for data interchange on the Web. There is a specification that describes the complete semantics of RDF, as well as of the RDF Schema description language. RDF can be serialized into XML using the RDF/XML format as defined in RDFXML. This serialization is used in this document, although other serializations of RDF could be permissible (like Turtle). 

A CC/PP profile contains a number of CC/PP attribute names and associated values that are used by a server to determine the most appropriate form of a resource to deliver to a client. It is structured to allow a client to describe its capabilities by reference to a standard profile, accessible to an origin server or other sender of resource data, and a smaller set of features that are in addition to or different than the standard profile. A set of CC/PP attribute names, permissible values and associated meanings constitute a CC/PP vocabulary.

Some information contained in a profile may be sensitive, and adequate trust and security mechanisms must be deployed to protect users' privacy. As a part of a wider application, CC/PP cannot fully cover such issues, but is intended to be used in conjunction with appropriate mechanisms. 

It is anticipated that different applications will use different vocabularies; indeed this is needed if application-specific properties are to be represented within the CC/PP framework. But for different applications to work together, some common vocabulary, or a method to convert between different vocabularies, is needed. (XML namespaces can ensure that different applications' names do not clash, but does not provide a common basis for exchanging information between different applications.) Any vocabulary that relates to the structure of a CC/PP 2.0 profile must follow this specification. 

CC/PP 2.0 is designed to be broadly compatible with the UAProf 2 specification  from the OMA (formerly known as WAP Forum), in the same way CC/PP 1.0 used to accommodate UAProf 1.0 profiles.

CC/PP is compatible with IETF media feature sets (CONNEG) [‎5] in the sense that all media feature tags and values can be expressed in CC/PP. However, not all CC/PP profiles can be expressed as media feature tags and values, and CC/PP does not attempt to express relationships between attributes.
	Standard’s potential relevance to User Modelling

	W3C CC/PP is very relevant to User Modelling as:
· It provides is a description of device capabilities and user preferences based on RDF that can be used to guide the adaptation of content presented to the specific device.


2.1.1.8 IMS Access For All Personal Needs and Preferences Description for Digital Delivery Information Model

This part of the Access For All Specification provides a common information model for describing the learner or user needs and preferences when accessing digitally delivered resources or services. This description is one side of a pair of descriptions used in matching user needs and preferences with digital delivery.  This model divides the personal needs and preferences of the learner or user into three categories:

a) Display: how resources are to be presented and structured;

b) Control: how resources are to be controlled and operated; and,

c) Content: what supplementary or alternative resources are to be supplied.

This part of the Access For All Specification is intended to meet the needs of learners with disabilities and of anyone in a disabling context.

The purpose of this part of Access For All Specification is to provide a machine-readable method of stating user needs and preferences with respect to digitally based education or learning. This part of Access For All Specification can be used independently, for example to deliver the required or desired user interface to the learner/user, or in combination with Access For All Specification Digital Resource Description to deliver digital resources that meet a user’s needs and preferences.

This document is based upon the original ISO/IEC 24751-1:2008 Information technology — Individualized adaptability and accessibility in e-learning, education and training — Part 2: “Access For All Personal Needs and Preferences for Digital Delivery”.  The ISO/IEC 24751-1:2008 document was a further development of the original IMS GLC Access For All Learner Information Package Specification, July 2003. 
	Standard’s potential relevance to User Modelling

	IMS Access For All Personal Needs and Preferences Description for Digital Delivery Information Model is very relevant to User Modelling as:
· It provides a machine-readable method of stating user needs and preferences with respect to digitally based education or learning.


2.1.1.9 ETSI EG 202 116; Human Factors (HF); Guidelines for ICT products and services; "Design for All"

ETSI EG 202 116 provides guidance to Information and Communication Technology (ICT) product and service designers on Human Factors issues, good Human Factors design practice, and relevant international and national standards. In particular, it aims to help designers to maximize the level of usability of products and services by providing a comprehensive set of Human Factors design guidelines.

The guidelines are intended to encourage a "Design for All" approach so as to make products and services accessible to as many people as possible, including elderly people and persons with disabilities, without the need for adaptation or specialized design.

“ETSI EG 202 116” is applicable to ICT products with a user interface that are connectable to all kinds of fixed and mobile telecommunications networks. This includes products such as telephones, Multimedia terminals, Personal digital Assistants (PDAs) and services such as e-mail, Short Message Services (SMS) and voice messaging. It is applicable to public and private access devices and services.
	Standard’s potential relevance to User Modelling

	ETSI EG 202 116 is very relevant to User Modelling as:
· Provides guidelines to make products and services accessible to as many people as possible, including elderly people and persons with disabilities, without the need for adaptation or specialized design.
· Describes user characteristics, including sensory, physical and cognitive abilities.
· Describes how user abilities are changing over years.
· Provides recommendations concerning assistive technologies. 

· Provides recommendations concerning UI design.


2.1.1.10 ETSI TR 102 068; Human Factors (HF); Requirements for assistive technology devices in ICT

“ETSI TR 102 068” provides guidance on the needs of older and disabled people for assistive technology devices and the requirements for the interconnection of such devices to Information and Communications Technologies (ICT) systems. The report considers devices for user interface input (e.g. keyboards) and output (e.g. display content) as well as speech and video transmission. It reviews available transmission technologies (e.g. Bluetooth and DECT) and requirements for transmission protocols.

It is applicable to assistive technology devices and information and communication devices which have an interface for communicating with a user.
	Standard’s potential relevance to User Modelling

	ETSI TR 102 068 is very relevant to User Modelling as:
· It describes user sensory, physical and cognitive disabilities and correlates them with assistive devices.


2.1.1.11 EG 202 325 - Human Factors (HF); User Profile Management
ETSI EG 202 325 provides guidelines relevant to users' needs to manage their profiles for personalisation of services and terminals. Effective user profile management will be critical to the uptake and success of new and advanced communication services and it is therefore important to focus on the users' requirements in this area.

Key areas that are addressed in ETSI EG 202 325 are:

· the user profile concept
· the benefits of user profiles to different parties
· scenarios in which user profiles bring benefits
· administering profiles that reflect users' lifestyles and situations
· administering automatic activation of user profiles
· optimizing the presentation of user profile management guidelines to enable easier compliant product development.

Profile solutions considered to be within the scope of ETSI EG 202 325:

· that are provided for the primary benefit of the user;

· where the user has rights to modify the majority of the profile contents;

· where the user has the right to accept or reject proposed changes to the profile.

"User Profiling" is not within the scope of ETSI EG 202 325. "User Profiling" employs profiles:

· that are created and owned by other parties, invisible to the user, to enable the other parties to tailor the services they offer to a user
· where the user is given little or no opportunity to check, modify or reject changes made to the profile
· based on the background collection of information about users derived from their actions.

	Standard’s potential relevance to User Modelling

	ETSI EG 202 325 is pretty relevant to User Modelling as:
· It provides guidelines relevant to users' needs to manage their profiles for personalisation of services and terminals. The described guidelines take also into account elderly people and persons with disabilities.


2.1.1.12 BS EN 1332-4:2007 (Identification card systems. Man-machine interface. Coding of user requirements for people with special needs)
This European Standard defines the data objects to be stored within an integrated circuit(s) card and exchanged in order to enable integrated circuit(s) card accepting terminals to identify specific user interface preferences. The preference information may be used by terminals to configure appropriate methods of communicating with the user during a transaction process.

Formats and detailed definitions of single data objects are specified, however, the exact method of storage of data within the integrated circuit(s) card is outside the scope of this European Standard.

BS EN 1332-4:2007 is applicable to the scenario where the cardholder operates the card accepting equipment (e.g. a cash dispenser, ticket machine, vending machine) and to integrated circuit(s) cards conforming to ISO/IEC 7816-4 and ISO/IEC 7816-6 and personalised to the individual cardholder.

	Standard’s potential relevance to User Modelling

	BS EN 1332-4:2007 is pretty relevant to User Modelling as:
· It provides a set of detailed definitions of user needs (such as preferred speech output rate, requirement for specific type of fonts, etc.), including people with special needs, for example the aged, minors, people with disabilities, those with learning difficulties, first time users, those not conversant with the local language.


2.1.1.13 ISO 11228-2:2007 (Ergonomics -- Manual handling -- Part 2: Pushing and pulling)

This part of ISO 11228 gives the recommended limits for whole-body pushing and pulling. It provides guidance on the assessment of risk factors considered important to manual pushing and pulling, allowing the health risks for the working population to be evaluated. The recommendations apply to the healthy adult working population and provide reasonable protection to the majority of this population. These guidelines are based on experimental studies of push/pull tasks and associated levels of musculoskeletal loading, discomfort/pain, and endurance/fatigue.

Pushing and pulling, as defined in this part of ISO 11228, is restricted to the following:

· whole-body force exertions (i.e. while standing/walking);

· actions performed by one person (handling by two or more people is not part of the assessment);

· forces applied by two hands;

· forces used to move or restrain an object;

· forces applied in a smooth and controlled way;

· forces applied without the use of external support(s);

· forces applied on objects located in front of the operator;

· forces applied in an upright position (not sitting).

This part of ISO 11228 is intended to provide information for designers, employers, employees and others involved in the design or redesign of work, tasks, products and work organization.

	Standard’s potential relevance to User Modelling

	ISO 11228-2:2007 is very relevant to User Modelling as:
· It provides a detailed comparative analysis concerning manual pushing/pulling resulting to recommendations for the healthy adult working population, which provide reasonable protection to the majority of this population. This information is extremely useful when there is need for the development of User Models representing the majority of a population.


2.1.1.14 ISO/DIS 24502 (Ergonomics -- Accessible design -- Specification of age-related relative luminance in visual signs and displays)
ISO/DIS 24502 specifies age-related luminance contrast of any two lights of different colour seen by a person at any age by taking into account the age-related change of spectral luminous efficiency of the eye.

This international standard provides a basic method that is applied to the design of visual signs and displays. It applies to lights seen under moderately bright visual environment called photopic vision and whose spectral radiance is known or measurable. It does not apply to lights seen under darker environment called mesopic or scotopic vision.

ISO/DIS 24502 specifies the luminance contrast for people ranged in age from 10 to 70 years old who have had no medical treatment or surgery on their eyes that may affect their spectral luminous efficiency.

ISO/DIS 24502 does not apply to visual signs and displays seen by people with colour defects whose spectral luminaous efficiency is different from those with normal colour vision.
This standard is under development.
	Standard’s potential relevance to User Modelling

	ISO/DIS 24502 is quite relevant to User Modelling as:
· It provides a comparative analysis concerning the age-related spectral luminous efficiency (age is defined in decade). This information is pretty useful when there is need for the development of User Models representing a population group of specific age.


2.1.1.15 BPMN

The Business Process Modeling Notation (BPMN) is a standard for business process modeling, and provides a graphical notation for specifying business processes in a Business Process Diagram (BPD), based on a flowcharting technique very similar to activity diagrams from Unified Modeling Language (UML). The objective of BPMN is to support business process management for both technical users and business users by providing a notation that is intuitive to business users yet able to represent complex process semantics. The BPMN specification also provides a mapping between the graphics of the notation to the underlying constructs of execution languages, particularly Business Process Execution Language. 

The primary goal of BPMN is to provide a standard notation that is readily understandable by all business stakeholders. These business stakeholders include the business analysts who create and refine the processes, the technical developers responsible for implementing the processes, and the business managers who monitor and manage the processes. Consequently, BPMN is intended to serve as common language to bridge the communication gap that frequently occurs between business process design and implementation.

Currently there are several competing standards for business process modeling languages used by modeling tools and processes. Widespread adoption of the BPMN will help unify the expression of basic business process concepts (e.g., public and private processes, choreographies), as well as advanced process concepts (e.g., exception handling, transaction compensation).

BPMN was developed by Business Process Management Initiative (BPMI), and is currently maintained by the Object Management Group since the two organizations merged in 2005. As of January 2009, the current version of BPMN is 1.2, with a major revision process for BPMN 2.0 in progress.

	Standard’s potential relevance to User Modelling

	BPMN is pretty relevant to User Modelling as:
· It provides a graphical notation for describing user tasks using a workflow view.


2.1.1.16 XPDL (version 2.1)

XPDL is the Serialization Format for BPMN. BPMN is a visual process notation standard from the OMG (Object Management Group), endorsed by WfMC (Workflow Management Coalition), and broadly adopted across the industry. But the BPMN standard defines only the look of how the process definition is displayed on the screen. How you store and interchange those process definitions is outside the scope of the standard, and this is where XPDL comes in. XPDL provides a file format that supports every aspect of the BPMN process definition notation including graphical descriptions of the diagram, as well as executable properties used at run time. With XPDL, a product can write out a process definition with full fidelity, and another product can read it in and reproduce the same diagram that was sent.
	Standard’s potential relevance to User Modelling

	XPDL is quite relevant to User Modelling as:
· It provides a file format that supports every aspect of the BPMN process definition notation including graphical descriptions of the diagram, as well as executable properties used at run time. Consequently, it can describe the user tasks represented using BPMN.


2.1.1.17 WHO ICF

The International Classification of Functioning, Disability and Health, known more commonly as ICF, is a classification of health and health-related domains. These domains are classified from body, individual and societal perspectives by means of two lists: a list of body functions and structure, and a list of domains of activity and participation. Since an individual’s functioning and disability occurs in a context, the ICF also includes a list of environmental factors.

The ICF is WHO's framework for measuring health and disability at both individual and population levels. The ICF was officially endorsed by all 191 WHO Member States in the Fifty-fourth World Health Assembly on 22 May 2001(resolution WHA 54.21). Unlike its predecessor, which was endorsed for field trail purposes only, the ICF was endorsed for use in Member States as the international standard to describe and measure health and disability.
The ICF puts the notions of ‘health’ and ‘disability’ in a new light. It acknowledges that every human being can experience a decrement in health and thereby experience some degree of disability. Disability is not something that only happens to a minority of humanity. The ICF thus ‘mainstreams’ the experience of disability and recognises it as a universal human experience. By shifting the focus from cause to impact it places all health conditions on an equal footing allowing them to be compared using a common metric – the ruler of health and disability. Furthermore ICF takes into account the social aspects of disability and does not see disability only as a 'medical' or 'biological' dysfunction. By including Contextual Factors, in which environmental factors are listed ICF allows to records the impact of the environment on the person's functioning.
	Standard’s potential relevance to User Modelling

	WHO ICF is quite relevant to User Modelling as:
· It provides classifications related to body functions and structure, and a list of domains of activity. Since an individual’s functioning and disability occurs in a context, the ICF also includes a list of environmental factors.


2.1.2 Standards Related to User Modelling - Comparison
A comparative review of the before-mentioned standards has been performed in order to understand their similarities and differences and also to examine their potential use in the user modelling procedures of the cluster projects. Table 1 presents a comparison of the standards cited in section 2.1.1, according to the following dimensions: 
· Focus on accessibility: indicates if the standard focuses on people with special needs (provides guidelines for developing accessible products/services, analyzes special needs of people with disabilities, etc.).

· Tasks support: indicates if the standard introduces new task models or includes guidelines for developing task models.
· Workflows support: indicates if the standard introduces new workflow models or includes guidelines for developing workflows.
· Description of user needs/preferences: indicates if the standard describes users needs/preferences using models (meta-models, ontology-schema, UML class diagrams, etc.) or includes guidelines for covering user needs/preferences during products and services design and development. User needs/preferences include:
· General interaction preferences
· Interaction modality preferences
· Multicultural aspects
· Visual preferences
· Audio preferences
· Tactile/haptic related preferences
· Date and time preferences
· Notifications and alerts
· Connectivity preferences
· Description of device characteristics: indicates if the standard describes device characteristics or provides guidelines to be followed during the design and development of input/output devices.
· Description of user characteristics: indicates if the standard describes user characteristics including sensory abilities (seeing, hearing, touch, taste, smell, balance, etc.), physical abilities (speech, dexterity, manipulation, mobility, strength, endurance, etc.) and cognitive abilities (intellect, memory, language, literacy, etc.). A standard may include definitions of user characteristics, changes of these characteristics with age, analysis of user populations and their characteristics, etc.
· UI definition support: indicates if the standard provides guidelines for developing user interfaces or introduces a language for defining user interfaces.
· Guidelines: indicates if the standard provides guidelines/recommendations that have to be followed by designers and developers of products and services.
· Implementation: indicates if the standard provides meta-models, UML diagrams, ontology schemas, XML schemas, and machine-readable formats in general.
	Standard
	Focus on accessibility
	Tasks support
	Workflows support
	Description of user needs/ preferences
	Description of device characteristics
	Description of user characteristics (physical, cognitive, etc.)
	UI definition support
	Guidelines
	Implementation details
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Table 1 Standards related to User Modelling - Comparison
2.2 User Interface Description Languages (UIDLs)
A user interface description language (UIDL) consists of a specification language that describes various aspects of a user interface under development. In this section we present an overview of UIDLs that have been considered for different reasons: they are available for testing; they have been used in some development cases; they are widely used in general. 

UIDLs are very relevant to User Modelling as they provide a formal way of describing various aspects of User Interfaces and useful means for adaptation of User Interfaces according to user needs/preferences. 
2.2.1 UIDLs Overview
2.2.1.1 DISL

Dialog and Interface Specification Language (DISL) [‎6] is a user interface markup language (UIML) subset that extends the language in order to enable generic and modality independent dialog descriptions. Modifications to UIML mainly concerned the description of generic widgets and improvements to the behavioral aspects. Generic widgets are introduced in order to separate the presentation from the structure and behavior, i.e., mainly to separate user- and device-specific properties and modalities from a modalityindependent presentation. The use of generic widget attribute enables to assign each widget to a particular type of functionality it ensures (e.g., command, variable field, text field, etc.). Further, a DISL rendering engine can use this information to create interface components appropriated to the interaction modality (i.e., graphical, vocal) in which the widget will operate. The global DISL structure consists of an optional head element for Meta information and a collection of templates and interfaces from which one interface is considered to be active at one time. Interfaces are used to describe the dialog structure, style, and behavior, whereas templates only describe structure and style in order to be reusable by other dialog components.
2.2.1.2 GIML

The Generalized Interface Markup Language (GIML) is used for the generalized Interface Toolkit (GITK) [‎7]. GIML is used in this context as an interface descriptor.

Following the OMG principles of separation of concerns GIML splits functionality and presentation. While the functionality is preserved in GIML the UI is derived from

XSL files, which come from user and system profiles. This information is merged with the functional descriptions by using XSLT to form a final interface description. The profile data could come directly from a file−system or from a remote profile server. GIML avoids the use of concepts such as "push-button", "scrollbar", whereas GIML uses terms such as "action", "data-entry/value- choice/single/limited". The goal is to use interface patterns in the future. These media neutral identifiers are the foundation for an interface object hierarchy.

2.2.1.3 ISML
Interface Specification Meta-Language (ISML) [‎8] was developed with the intention that methaphors (shared concepts between the user and the computer) be made explicit in design. ISML de-couples that metaphor model from any particular implementation, and express mappings between the concepts shared between the user and the system. It provides a framework that supports mappings between both user-oriented models (such a task descriptions) and software architecture concerns (interactor definitions). The ISML framework composites these concepts within five layers (devices, components, meta-objects, metaphor, interactors), using a variety of mappings to link them together.
2.2.1.4 RIML

Renderer-Independent Markup Language (RIML) [‎9] is a markup language based on W3C standards that allows document authoring in a device independent fashion. RIML is based on standards such as: XHMTL 2.0 and XFORMS. Special row and column structures are used in RIML to specify content adaptation. Their semantics is enhanced to cover pagination and layout directives in case pagination needs to be done. Due to the use of XForms, RIML is device independent and can be mapped into a XHTML specification according to the target device. RIML semantics is enhanced to cover pagination and layout directives in case pagination needs to be done, in this sense it was possible to specify how to display a sequence of elements of the UI.

2.2.1.5 SeescoaXML
Software Engineering for Embedded Systems using a Component-Oriented Approach (SeescoaXML) [‎10] consists of a suite of models and a mechanism to automatically produce different final UIs at runtime for different computing platforms, possibly equipped with different input/output devices offering various modalities (e.g. a joystick). This system is context-sensitive as it is expressed first in a modality-independent way, and then connected to a specialization for each specific platform. The contextsensitivity of the UI is here focusing on computing platforms variations. An abstract UI is maintained that contains specifications for the different rendering mechanisms (presentation aspects) and their related behavior (dialog aspects). These specifications are written in a XMLcompliant UIDL that is then transformed into platformspecific specifications using XSLT transformations. These specifications are then connected to a high-level description of input/output devices. The entry point of this forward engineering approach is therefore located at the level of Abstract UIs.

2.2.1.6 SunML
Simple Unified Natural Markup Language (SunML) [‎11] is an XML language to specify concrete user interfaces that can be mapped to different devices (PC, PDA, voice). The innovation of this language is the capacity to specify dynamically components. In SunML it is also possible to encapsulate the style and the content of each widget independent of the others. Two different files are used for that purpose. Another interesting feature offered in SunML is widget composition. Some operators have been defined for that purpose: union (semantically-common widgets),    intersection, subtraction, substitution, inclusion. Widgets Merging Language (WML) is the extension used for that purpose. SunML presents a reduced set of elements that seems to be not enough, but the composition of widgets is used to specify more complex widgets.
2.2.1.7 TeresaXML

TeresaXML [‎12] is a UIDL for producing multiple final UIs for multiple computing platforms at design time. They suggest starting with the task model of the system, then identifying the abstract UI specifications in terms of its static structure (the presentation model) and dynamic behavior (the dialog model): such abstract specifications are exploited to drive the implementation. This time, the translation from one context of use to another is operated at the highest level: task and concepts. This allows maximal flexibility, to later support multiple variations of the task depending on constraints imposed by the context of use. Here again, the context of use is limited to computing platforms only. The whole process is defined for design time and not for runtime. For instance, there is no embarked model that will be used during the execution of the interactive system, contrarily to the SEESCOA approach [‎10]. At the AUI level, the tool provides designers with some assistance in refining the specifications for the different computing platforms considered. The AUI is described in terms of interactors that are in turn transformed into Concrete Interaction Objects (CIOs) once a specific target has been selected.
2.2.1.8 UIML

User Interface Markup Language (UIML) [‎13] is an XML-based language that provides: (1) a device-independent method to describe a UI, (2) a modality-independent method to specify a UI. UIML allows describing the appearance, the interaction and the connection of the UI with the application logic. The following concepts underlie UIML: 
1. UIML is a meta-language: UIML defines a small set of tags (e.g., used to describe a part of a UI) that are modality-independent, target platform-independent (e.g., PC, phone) and target language-independent (e.g., Java, VoiceXML). The specification of a UI is done through a toolkit vocabulary that specifies a set of classes of parts and properties of the classes. Different groups of people can define different vocabularies: one group might define a vocabulary whose classes have a 1-to-1 correspondence to UI widgets in a particular language (e.g., Java Swing API), whereas another group might define a vocabulary whose classes match abstractions used by a UI designer

2. UIML separates the elements of a UI and identifies: (a) which parts are composing the UI and the presentation style, (b) the content of each part (e.g., text, sounds, images) and binding of content to external resources, (c) the behavior of parts expressed as a set of rules with conditions and actions and (d) the definition of the vocabulary of part classes.

3. UIML groups logically the UI in a tree of UI parts that changes over the lifetime of the interface. During the lifetime of a UI the initial tree of parts may dynamically change shape by adding or deleting parts. UIML provides elements to describe the initial tree structure and to dynamically modify the structure.

4. UIML allows UI parts and part-trees to be packaged in templates: these templates may then be reused in various interface designs.
2.2.1.9 UsiXML

USer Interface eXtensible Markup Language (UsiXML) [‎14] is structured according to different levels of abstraction defined by the Cameleon reference framework [‎4]. The framework represents a reference for classifying UIs supporting a target platform and a context of use, and enables to structure the development life cycle into four levels of abstraction: task and concepts, abstract UI (AUI), concrete UI (CUI) and final UI (FUI). Thus, the Task and Concepts level is computational-independent, the AUI level is modality-independent (In the cockpit it can be several physical, Vocal, GUI, Tactile) and the CUI level is toolkitindependent. UsiXML relies on a transformational approach that progressively moves among levels to the FUI. The transformational methodology of UsiXML allows the modification of the development sub-steps, thus ensuring various alternatives for the existing sub-steps to be explored and/or expanded with new sub-steps. UsiXML has a unique underlying abstract formalism represented under the form of a graph-based syntax.

2.2.1.10 WSXL

Web Service eXperience Language (WSXL) [‎15] [‎16] is designed to represent data, presentation and control. WSXL relies on existing standards; in particular, XML based standards such as XPath, XML Events, DOM, XForms and XLink as well as Web Services standards such as SOAP, WSDL and WSFL. WSXL includes an extensible Adaptation Description Language where explicit locations of adaptation points, the permissible operations on adaptation points (e.g. insert, delete, modify), and the constraints on the contents of adaptation (e.g. via an XML Schema) can be specified. The Adaptation Description Language can be used during a post-processing step where the output of a WSXL component can be adapted independently without invoking the component. Finally, a WSXL collection provides an execution and management environment for WSXL components. It calls the lifecycle operations on WSXL components it instantiates, and implements a set of interfaces and a processing model for use by WSXL components and objects external to the collection. An object implementing the WSXL collection interface need not be a WSXL component. The developer can create new and more abstract UI components.

2.2.1.11 XICL

The eXtensible user-Interface Markup Language (XICL) [‎17] is an easy way to develop User Interface Components to Browser-based software. New UI components are created from HTML components and others XICL components. The XICL description is translated into DHTML code. An XICL documents is composed by a UI description composed by HTML or XICL elements and several components (Structure, Properties, Events and Methods. XICL is a language to UI development by specifying its structure and behavior in an abstract level than using only DHTML. It also promotes reuse and extensibility of user interface components.

2.2.1.12 XIML

The eXtensible Interface Markup Language (XIML) [‎18] [‎19], is a language developed by Redwhale Software, derived from XML and able to store the models developed in MIMIC [‎20]. MIMIC is a meta-language that structures and organizes interface models. It divides the interface into model components: user-task, presentation, domain, dialog, user, and design models. The design model contains all the mappings between elements belonging to the other models. The XIML is thus the updated XML version of this previous language. The XIML language is mainly composed of four types of components: models, elements, attributes, and relations between the elements. The presentation model is composed of several embedded elements, which correspond to the widgets of the UI, and attributes of these elements representing their characteristics (color, size…). The relations at the presentation level are mainly the links between labels and the widgets that these labels describe. XIML supports design, operation, organization, and evaluation functions; it is able to relate the abstract and concrete data elements of an interface; and it enables knowledge-based systems to exploit the captured data.
2.2.2 UIDLs Comparison

A comparative review of some selected user interface description languages is produced in order to understand their scopes and their differences. Table 2 compares the properties of the different UIDLs according to the following criteria:

· Models: This criterion gives the aspects of the UI that can be specified in the description of the UIs. 
· The task model is a description of the task to be accomplished by the user, 
· the domain model is a description of the objects the user manipulates, accesses or visualizes through the UIs, 
· the presentation model contains the static representation of the UI and 
· the dialog model holds the conversational aspect of the UI.  
· Tools: Some of the languages are supported by authoring tools and rendering engines.
· Supported languages: Specifies the programming languages to which the XML-based UIDLs can be translated.
· Supported platforms: Specifies the computing platform on which the language can be rendered by execution, interpretation or both.
	UIDL
	Models
	Tools
	Supported languages
	Supported platforms

	DISL
	Presentation, dialog and control
	Rendering engine
	VoiceXML, Java MIDP, Java Swing, Visual C++
	Mobile and limited devices

	GIML
	Presentation, dialog, and domain
	GITK (Generalized Interface Toolkit)
	C++, Java, Perl
	Not specified

	ISML
	Presentation, task,  dialog, domain
	Under construction
	Java, Microsoft foundation class, Java swing classes
	Desktop PC, 3D screen

	RIML
	There is no information
	There is no information
	XHTML, XFORMS, XEvents, WML
	Smart phone, pda, Mobile, Desktop Pc

	SeescoaXML
	Task, Presentation, dialog
	CCOM (BetaVersion 1.0 2002) PacoSuite MSC Editor
	Java AWT, Swing, HTML, java.microedition, applet, VoxML, WML Juggler
	Mobile, desktop PC, Palm III 

	SunML
	Presentation, dialog, domain
	SunML Compiler
	Java Swing, voiceXML, HTML, UIML
	Desktop Pc

	TeresaXML
	Presentation, task, dialog
	CTTE Tool for task Models Teresa
	Markup: Digital TV, VoiceXML, XHTML/SVG, X+V, Programming: C# 
	DigitalTV, Mobile, Desktop PC

	UIML
	Presentation, dialog, domain
	UIML.net, VoiceXML renderer, WML renderer, VB2UMIL
	HTML, Java, C++, VoiceXML, QT, CORBA, and WML
	desktop PC, handheld device, tv, mobile 

	WSXL
	Presentation, dialog, domain
	Not specified
	HTML
	PC, Mobile phone

	XICL
	Presentation, dialog
	XICL STUDIO
	HTML, ECMAScript, CSS e DOM
	Desktop PC

	XIML
	Presentation, task, dialog, domain
	XIML Schema
	HTML, java swing, WLM
	Mobile, desktop PC, PDA

	UsiXML
	Presentation, task,  dialog, domain
	SketchiXML, GraphiXML, FlowiXML, FlasiXML, QtkiXML, InterpiXML
	HTML, XHTML, VoiceXML, Java3D, VRML, X3D, XAML, Java, Flash, QTk,   WML, XHTML, X+V, C++, 
	Mobile, Pocket PC, interactive kiosk, wall screen, pda,


Table 2 Properties Comparison of UIDLs [‎2]
2.3 Task Modelling Techniques

Task Models describe how to perform activities to reach users' goals. The need for modelling is most acutely felt when the design aims to support system implementation as well. If there are only informal representations (such as scenarios or paper mock-ups) available to developers, they would have to make many design decisions on their own, likely without the necessary background, to obtain a complete interactive system. Task models represent the intersection between user interface design and more systematic approaches by providing designers with a means of representing and manipulating an abstraction of activities that should be performed to reach user goals. 

Task models can be represented at various abstraction levels. When designers want to specify only requirements regarding how activities should be performed, they consider only the main high-level tasks. On the other hand, when designers aim to provide precise design indications then the activities are represented at a small granularity, thus including aspects related to the dialogue model of a user interface (which defines how system and user actions can be sequenced). 

User models are often strongly-related with the tasks that the user is able to perform, so the task models offer the base for the development of new user modelling techniques.
2.3.1 Task Modelling Techniques Overview
2.3.1.1 AMBOSS
The task models developed with AMBOSS [‎21] describe the hierarchical tree structure of the tasks including the temporal relation between the tasks (formal part of the model) and their description (semi part of the model). On account of this reason that framework shows task models on a semi-formal level. The task model is composed of tasks, rooms, roles and task relationships. Tasks are, notably, described with attributes such as name and type. The name of the task is generally expressed as a combination of a verb and a substantive (e.g., start decent). The type

attribute identifies one of the three basic task types:

· interactive, involves an active interaction of the user with the system (e.g., selecting a value, browsing a collection of items)

· system, is an action that is performed by the system (e.g., check a credit card number, display a banner)
· abstract, is an intermediary construct allowing a grouping of tasks of different types
The task also has attributes to determine its duration (including its boundaries minimalDuration and maximalDuration and the time scale used: days, hours, minutes, seconds); the precondition, the severity (indicator for the possible damage that arises from this task), the occurrence (the probability that a failure occurs when executing the task), the detection (the likelihood that this failure will be detected), the riskfactor (A riskfactor is an integer that arises of the multiplication of three values severity, occurrence and detection); and additionally it is possible to make a riskfactor write protected (isWriteProtected).
The following binary taskRelationships are supported in AMBOSS [‎21]:

· SEQ: The subtasks must execute in a fixed sequence from left to right.

· SER: The subtasks must execute sequentially but in an arbitrary order.

· PAR: The subtasks can start and stop in any order.

· SIM: All subtasks have to start in an arbitrary sequence before any task can end. Therefore at least one moment exists where all subtasks are running simultaneously.

· ALT: Exactly one randomly selected subtask can execute.

· ATOM: The task is the last one in the hierarchy (leaf)

The decomposition refers to relationships where a parent task is decomposed in subtasks. For each taskRelationship the source and target task must be specified. In addition, messages can be transferred from one task to another. A message represents the communication between two tasks [‎21]. It is composed of several attributes like the name, the description, the medium (i.e. electronic, manual, mix), the contentType (number, text, graphic, gesture), the transferType (synchronous, asynchronous), the feedback and the controlObject (which ensures the correct delivery of these critical information); also, it contains some flags to determine if the message triggers an action (isTriggered), uses a specific protocol (usesProtocol), expects feedback (feedbackNecessary), is critical (isCritical).

A barrier determines the protective mechanism of a certain task. It provides the correct execution of the task, which it is assigned to. The assignment is being classified either in safe or unsafe assignment. A barrier consists of an id, a name, a description, a type (physical, check, diagnosis, supervision, warning, equipment, procedure, knowledge) and a purpose (prevention, control, reduction). Barriers can be active or not, isActive, can be activated when the task is started, isActiveonstart.

An objectAMBOSS is a unity, which is physically available and operating in a running system. An objectAMBOSS contains information, which is represented by attributes. It can be either a physical (isPhysical) or an informational one (isInformation). Tasks access such objects directly. Also, the objects could be fixInRoom, being allowedinRoom, being forbiddeninRoom, or has a series of assignedTask. A room denotes the spatial position of the role involved in the execution of the task. A room has different static properties, a unique id and name, a description, a maximum number of persons (nrPerson) and a flag that indicates, whether this room isLocked or not, i.e. this area is not available.

Finally, a role describes the different actors within the task model. This role is an abstract entity. The expert who starts modelling and does not know at that time who is going to execute the particular task uses this kind of roles. They are responsible for the correct handling of the tasks they are assigned to. There are three predefined roles, the abstract role (this means we do not or can not assign to just the task to one role) the human and the system role. Roles execute tasks and they perform their task in a room.
2.3.1.2 ANSI/CEA
ANSI/CEA-2018 is a standard for task model descriptions, which has the potential of significantly improving the usability of computer-controlled electronic products and software interfaces in general. An ANSI/CEA-2018 task model description is an XML document (it is not a graphical formalism) whose syntax and semantics is specified by the standard. The primary use of the XML document is to be interpreted by a device at run-time to guide the user in achieving the described tasks. Detail on this task model can be found in the ANSI/CEA-2018 page
.
2.3.1.3 ConcurTaskTree (CTT)

In ConcurTaskTrees (CTT) [‎22] there are five concepts: tasks, objects, actions, operators, and roles. CTT constructors, termed operators, are used to link sibling tasks, on the same level of decomposition. CTT uses a tool (CTTE) for editing the task model used to specify tasks, roles, and objects as well as the task hierarchy with temporal operators. Another feature of CTT is its graphical facility providing means to describe different task types like abstract, cooperative, user, interactive, and application. CTT provides us with means to describe cooperative tasks: a task model will be composed of different task trees: one for the cooperative part and one for each role that is involved in the task. Tasks are further decomposed up to the level of basic tasks defined as tasks that could not be further decomposed. Actions and objects are specified for each basic task. Application objects are mapped onto perceivable objects in order to be presented to the user. Another interesting feature of CTT is the specification of both input and output actions that are associated to an object. Object specification is mainly intended for the specification of UI interaction objects (interactors).

2.3.1.4 Diane +
There are two important points to be made about the way in which Diane+ models a task [‎23]:

1. The procedures describe only the characteristics specific to an application and do include the standard actions common to most applications, such as quit, cancel, and so on. This assumes that the supposed standard actions, previously defined, really apply to the application of interest. (If a standard action does not apply, this would be indicated.)

2. The described procedures are not mandatory; what is not forbidden is allowed. We note that Diane+ can represent all the constraints of the above specifications. All the algorithmic structures do exist in Diane+, such as ordered sequence, unordered sequence, loop, required choice, free choice, parallelism, default operations, and so on.

2.3.1.5 GOMS
GOMS developed by [‎24] is an engineering model for human performance to enable quantitative predictions. By incorporating tables of parameter values that rely on a cognitive architecture, GOMS can be used as an engineering approach to task design [‎25]. The original GOMS model, referred as CMN-GOMS [‎24], is the root of a family of models that were elaborated later [‎26], such as GOMSL (GOMS language) and CPM-GOMS (Critical Path Method GOMS).

Although the first uses a “mental programming language” and is based on a parallel cognitive architecture, the second uses a PERT chart to identify the critical path for computing execution time [‎27].

In GOMS, the concept of a method is essential, as methods are used to describe how tasks are actually carried out. A method is a sequence of operators that describes task performance. Tasks are triggered by goals and can be further decomposed into subtasks corresponding to intermediary goals. When several methods compete for the same goal, a selection rule is used to choose the proper one.
Methods describe how goals are actually accomplished. Higher level methods describe task performance in terms of lower level methods, operators, and selection rules. The lowest level of decomposition in GOMS is the unit task, defined by [‎24] as a task the user really (consciously) wants to perform. Higher level methods use task flow operators that act as constructors controlling task execution.

GOMS makes a clear distinction between tasks and actions. First, task decomposition stops at unit tasks. Second, actions that in GOMS are termed operators are specified by the methods associated with unit tasks. Action modelling varies depending on the GOMS model and the method specification. Operators are cognitive and physical actions the user has to perform in order to accomplish the task goal. Since each operator has an associated execution time (determined experimentally), a GOMS model can help in predicting the time needed to perform a task.

Actions undertaken by the user are specified using external and mental operators. Some special mental operators are flow-control operators that are used to constrain the execution flow. Although the granularity varies according to the purpose of the analysis, it is clear that GOMS is mainly useful when decomposition is done at operational level (i.e., under the unit task level).

2.3.1.6 Groupware task analysis (GTA)
Groupware Task Analysis (GTA) [‎28] was developed as a means to model the complexity of tasks in a cooperative environment. GTA takes its roots both from ethnography, as applied for the design of cooperative systems and from activity theory adopting a clear distinction between tasks and actions. GTA describes the task world focusing on:

· Agents and roles. Specifying roles and sub-roles that agents play, the relation of responsibility between roles and tasks.

· Work. Involving the decomposition of tasks, the goals and sub-goals, the events that trigger the tasks, and the different strategies used to perform them. A task could be performed by an agent or a role.

· Situation. Specifying the objects used in the task world as well as their structure, the history of past relevant events, and the work environment.

Its framework describes a task world ontology that specifies the relationships between the concepts on which the task world is modeled. Based on this ontology a supporting tool to model task knowledge was also developed: EUTERPE [‎29].

2.3.1.7 Hierarchical Task Analysis (HTA)
Hierarchical Task Analysis (HTA) [‎30] was a pioneering method of task analysis. Itwas primarily aimed at training users to perform particular tasks. On the basis of interviews, user observation, and analysis of existing documents (e.g., manuals, documentation), HTA describes tasks in terms of three main concepts: tasks, task hierarchy, and plans. Tasks are recursively decomposed into subtasks to a point where subtasks are allocated either to the user or the user interface, thus becoming observable. The task hierarchy statically represents this task decomposition. The decomposition stopping criterion is a rule of thumb referred to the p × c rule. This criterion takes into account the probability of a nonsatisfactory performance and the cost of a nonsatisfactory performance (i.e., the consequences it might produce).

Since the task hierarchy does not contain any task ordering, any task should be accomplished according to a plan describable in terms of rules, skills, and knowledge. A plan specifies an ordering in which subtasks of a given task could be carried on, thus acting as a constraint on task performance.

A plan is provided for each hierarchic level. Although the plan is an informal description of temporal relationships between tasks, it is one of the most attractive features of HTA, as it is both simple and expressive. Plans are very close to textual description or to the activity list of traditional task analysis. One advantage of plans is that they do not create any artificial tasks, as some formal notations force analysts’ to do to avoid ambiguous specification.

On the other hand, because plans are informal, it is not possible to apply automatic checking of properties such as consistency and reachability.
Any task can be expressed in terms of goals that are reached when the corresponding task is accomplished. Each goal has a status (i.e., latent or active) and conditions to be satisfied. The advantage here in HTA is that goals are independent of the concrete means of reaching them. Therefore, for each goal at any level of decomposition, For each goal, several different operations for reaching the goal can be imagined and specified. Each operation is consequently related to a goal (or goals) and is further specified by the circumstances in which the goal is activated (the input), the activities (action) that contribute to goal attainment, and the conditions indicating the goal has been attained (feedback).

HTA provides a graphical representation of labeled tasks and a plan for each hierarchic level explaining the possible sequences of tasks and the conditions under which each sequence is executed. HTA also supports task analysis for teamwork, as described in [‎31].

2.3.1.8 Task knowledge structure (TKS)

In Task Knowledge Structure (TKS) method [‎32], [‎33], the analysts manipulate a TKS, which is a conceptual representation of the knowledge a person has stored in her memory about a particular task. TKS focuses on:

· Roles: A role is assumed to be defined by the particular set of tasks for each an individual is responsible. A person may take on a number of roles and there are tasks associated with each of these roles; or a person could perform similar tasks under different roles.

· Goal structure: It identifies the goal and sub-goals contained within the TKS. The goal structure also includes the enabling and conditional states that must prevail if a goal of sub-goal is to be achieved. In this way the goal structure represents a plan for carrying out the task; the plan is carried out through a procedural structure. A procedure is a particular element of behaviour, at the lowest level it can be an action or an object.

· Taxonomic structure: Involves action(s) and object(s) knowledge. This includes the representativeness of the object, the class membership, and other attributes such as the procedures in which it is commonly used; its relation to other objects and actions, and its features [‎33]. 

TKS was not developed on supporting more than one task at a time, but Johnson and Hyde [‎33] adapted the basic model and extended it to analyze the collaboration work structure. In order to accommodate collaborative tasks, they considered the mechanics proposed by Pinelle and Gutwin [‎34]. Their approach is called Fundamental Knowledge Structures (FKSs). Metaknowledge and mental models constitute the keystone to an FKS for collaboration. It is postulated that there are three different kinds of knowledge that collaborators possess: 1) general knowledge about what makes for an effective collaboration, 2) individual collaborator’s specific knowledge of how they will collaborate to complete the task and an understanding of each collaborator’s contribution to the task, and 3) collaborator’s knowledge of another collaborator’s knowledge. The FKS for collaboration necessarily models high-level knowledge across tasks and consequently is able to generate a set of general requirements for tools to support collaboration across a range of tasks [‎33].

2.3.1.9 Task Object-Oriented Description (TOOD)
Task Object-Oriented Description (TOOD) consists of an object-oriented method for modelling tasks in the domain of control processes and complex interactive systems, such as those used in air traffic control [‎35]. The method consists offour steps: hierarchical decomposition of tasks, identification of descriptor objects and world objects, definition of elementary and control tasks, and integration of concurrency (Figure 4). Each task is treated as an instance of a task class identified by a name and an identifier and characterized by a goal, a type (i.e., human, automatic, interactive, and cooperative), the level in the hierarchy, and the total amount of task components. The task body represents a task hierarchy organized using three logical constructors (i.e., AND, OR, and XOR). Each task is then associated with a task control structure (TCS) made up of six classes of descriptor objects that are consumed when the task is carried out and they are aggregated:

1. The triggering class has four types of events: formal and informal events, events occurring outside and inside the system.

2. The condition class contains contextual conditions governing the performance of the task.

3. The resource class describes resources (human or system) required for the task to be performed.

4. The input data class specifies information items required for performance of the task. To initialize a task, an input transition expresses logical conditions on these data by sending rules and benefits from various checking functions to ensure that all conditions required to perform the task are fulfilled. For instance, the completeness function checks that all input data are available and satisfy related constraints.

5. The output data class specifies information items produced by the task performance. To terminate a task, an output transition expresses logical conditions on these data through synchronization rules and benefits from various checking functions.

6. The reaction class describes physical and cognitive results resulting from the task performance.

2.3.1.10 UsiXML
USer Interface eXtensible Language (UsiXML) is a XML-compliant markup language that describes the user interface for multiple contexts of use, it describes a task model [‎1] where tasks are organized in a high-level of abstraction called processes. A process consists of a number of tasks and a set of relationships among them. The definition of a process indicate which tasks must be performed and in what order. A task can be: user, abstract, interaction or application task. It is decomposed into subtasks to consider hierarchical structure of a task tree; operators are used to link them on the same level of decomposition. A task may manipulate objects through actions. It introduces the concept of Job instead of role. Jobs are the total collection of tasks, duties, and responsibilities assigned to one or more positions which require work of the same nature and level. The job concept allows assembling tasks under a same umbrella in a way that is independent of individual resources in the organization unit. In this way, several individuals could play a particular job, and jobs could be interchanged dynamically. Typically, only resources and their roles within organizations are modeled in most task models, we consider that the place where the tasks are executed is an important aspect in the environment where the collaboration is developed. Thus, the concept of organizational unit is considered, it is a formal group of people working together with one or more shared goals or objectives. It could be composed of other organizational units. Resources are characterized thanks to the notion of user stereotype. But a same task could require other types of resources such as material resources (e.g., hardware, network) or immaterial resources (e.g., electricity, power). The agenda is a list of tasks that are assigned to user stereotype. A user stereotype has one and only one agenda and an agenda belongs to one and only one user stereotype. The concept of agenda is useful to cope with the cooperative aspects. It is also possible to allocate or offer tasks to user stereotypes through the agendas.
2.3.2 Task Modeling Techniques Comparison
A comparative review of the task modelling techniques cited in section 2.3.1 is presented in Table 3. In order for Table 3 to be fully understandable, it is essential to introduce the available temporal relationships between tasks (some temporal relationships appear in the cells of Table 3).

The temporal relationships between tasks include:

· Binary relationships – Binary relationships connect two different tasks.
· Enabling – Enabling relationships specify that a target task cannot begin until the source task is finished.

· Disabling – Disabling relationships refer to a source task that is completely interrupted by a target task.
· Suspend/resume – Suspend resume relationships refer to a source task that can be partially interrupted by a target task and after the target task is completed, the source task will be concluded.
· Order independence – Order independence relationships define that two tasks are independent of the order of execution.
· Concurrency with information passing – Concurrency with Information Passing relationships define that two tasks are executed concurrently and there is passing information between them.
· Independent concurrency – Independent concurrency relationship is a type of temporal relationships where two tasks are executed concurrently but independently and there is no information interchange between them.
· Enabling with information passing – Enabling with information passing relationships specify that a target task cannot be executed until the source task has been executed, and that information produced by the source task is used as an input for the target task.
· Cooperation – Specifies the cooperative relationship between two or more tasks.
· Inclusive choice – An inclusive choice relationship specifies that either both tasks or just one of them or none could be executed.
· Deterministic choice – Deterministic choice relationships refer to two source tasks that could be executed but once one task is initiated, the other cannot be accomplished anymore.
· Undeterministic choice – Undeterministic choice relationships define that two tasks could be both started but once one task is finished, the other cannot be accomplished anymore.
· Disabling with information passing – Disabling with information passing relationships define that one task is completely interrupted by another task and the information produced in the first task is used as an input for the second task.
· Unary relationships – Unary relationships are temporal relationships that connect several instances of the same task.
· Optional – Option relationships refer to tasks that are optional.
· Iteration – Iteration relationships indicate tasks that may be iterated.
· Finite iteration – Finite iteration tasks indicate tasks that may be iterated n times.
The task modelling techniques cited in section 2.3.1are compared according to the following criteria:

· Decomposition: The decomposition refers to relationships where a parent task is decomposed in subtasks.
· Sequence: Defines the type of sequence between different tasks.
· Iteration: Iteration relationships indicate tasks which may be executed iteratively.
· Choice: Refers to the selective execution of tasks.
· Optionality: Optionality refers to tasks whose execution could be optional.
· Interruption: Refers to the interruption of a task’s execution.
· Concurrency: Refers to the concurrent execution of tasks.
· Cooperation: Refers to the cooperation between tasks.
· Parallel: Refers to the parallel execution of tasks.
The last column (“Relevance”) of Table 3 indicates the importance that the criterion of each row has for the task modeling technique.
	
	AMBOSS 
	ANSI/CEA 
	CTT 
	Diane + 
	GOMS 
	GTA 
	HTA 
	TKS 
	TOOD 
	UsiXML 
	Relevance

	Decomposition 
	Hierarchy 
	Hierarchy 
	Hierarchy 
	Hierarchy 
	Hierarchy 
	Hierarchy 
	Hierarchy 
	Hierarchy 
	Hierarchy 
	Hierarchy 
	Must

	Sequence 
	Sequence 
	Ordered sequence, enabling with information passing
	Enabling, enabling with information passing 
	Ordered sequence 
	Sequence 
	Sequence
	Fixed sequence 
	Sequence 
	Sequence 
	Enabling, enabling with information passing 
	Must

	Iteration 
	X 
	MinOccurs/ MaxOccurs 
	Iteration, finite iteration 
	Loop 
	Loop (If, then, else) 
	X 
	Stop rules 
	X 
	X 
	Iteration, finite iteration 
	Should

	Choice 
	ALT 
	Precodition 
	Choice 
	Required choice, free choice 
	Or (If, then, else) 
	Or 
	Selective rule 
	Or 
	Choice 
	Deterministic choice, undeterministic choice, inclusive choice 
	Should

	Optionality 
	Barrier 
	MinOccurs/ MaxOccurs 
	Optional 
	Optional 
	Optional (If, then, else) 
	Start condition 
	X 
	X 
	X 
	Optional 
	Should

	Interruption 
	X 
	X 
	Suspend- resume, disabling 
	X 
	Interruption (If, then, else) 
	Stop condition 
	Stop rules 
	X 
	Interruption 
	Suspend- resume, disabling, disabling with information passing 
	Should

	Concurrency 
	SER 
	Ordered 
	Concurrent, concurrent communicating tasks, independence 
	unordered sequence 
	Concurrency (If, then, else) 
	X 
	Selective rule 
	X 
	Concurrency 
	Independent concurrency, concurrency with information passing, order independence 
	Should

	Cooperation 
	Precondition 
	X 
	Cooperative 
	X 
	X 
	Cooperation 
	Teamwork 
	Collaboration 
	Collaboration 
	Cooperation 
	Should

	Parallel 
	PAR, SIM 
	X 
	X 
	Parallel 
	X 
	And 
	Dual task (time sharing) 
	And 
	Simultaneity 
	parallelSplit (process model) 
	Should


Table 3 Task modeling techniques – Comparison [‎1]

3 VERITAS methodology
The VERITAS user modelling methodology is being built based on four major building blocks that are the following: 

· Task Models

· Abstract User Models 

· Generic Virtual User Models

· Virtual User Models (implemented in VERITAS as personas) 

Based on these major components a methodology has been synthesized in the first months of the project that is described in the following sections.
3.1 VERITAS user modelling methodology outline
Abstract User Models

The Abstract User Models refer to a high level description of potential user models. They are developed with respect to several specific disabilities and are broken down according to the disability category, i.e. cognitive user models, physical user models, behavioural & psychological user models. An abstract user model that will be stored in ontologies will include several disability related parameters like disability description, disability metrics, ICF functional abilities, etc.

Generic Virtual User Models

A Generic Virtual User Model describes a set of users having a specific set of disabilities. In a Generic Virtual User Model the description is also augmented with actions (primitive tasks) that are affected by the specific set of disabilities. For instance, for users with hemiplegia actions that are affected by the disability could include gait, grasping, etc.
Virtual User Models

A Virtual User Model describes an instance of a virtual user (e.g. Persona) that will be synthesized in the VERITAS “virtual user model generator”. All the disabilities of the user are included in the Virtual User Model as well as the affected actions (primitive tasks). They also include several disability-related parameters describing the severity of the disorder. For instance, the value of the gait cycle for a specific virtual user who suffers from spinal cord injuries, is 2.1 sec, etc.
Task Models

The actions that are being systematically performed in the context of the five VERITAS application areas are described within the task model. Moreover, these tasks are developed using an hierarchical approach. Thus, high level tasks are related to more complex abstract actions, e.g. driving, and are broken down into simpler tasks, e.g. steering, and primitive tasks, e.g. grasping. 
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Figure 1 VERITAS User/Task Modeling Methodology
Figure 1 illustrates an outline of the VERITAS user modeling methodology. The development of the user models can be performed in four distinct but interrelated steps:

1. The VERITAS Abstract User Models are initially formed by examining the current state-of-the-art, existing standards and guidelines related to several disabilities. Moreover, this information is augmented utilizing the WHO ICF functional abilities framework.

2. The VERITAS Task Models are developed for the five VERITAS application scenarios and are reflecting the actions that are systematically performed by the users in the context of these scenarios. They follow a hierarchical structure from high level tasks to low-level primitive tasks. It is very important to have a limited but sufficient number of primitive tasks, since they will be related to disabilities.

3. The Generic Virtual User Models refer to a specific category of virtual users and can be comprised from one or more Abstract user models, e.g. a Generic Virtual User Model can include the propanopia and hemiplegia disabilities. They also include description on how the specific disabilities affect the execution of specific tasks (primitive or not) that are described in the task models. 

4. Finally, the Virtual User Models are instances (Virtual users, Personas) of the Generic Virtual User Models and describe a specific virtual user with specific disability related parameters. They will be synthesized in the VERITAS “virtual user model generator” and will follow the needs and requirements of specific accessibility evaluation application scenarios.
As it can be assumed by the above description and methodology, VERITAS follows a top-down approach, where initially at the top-level the Abstract User Models refer to descriptions of specific disabilities, described via ontologies that can be potentially used-extended by the broader community. In the mid-level of the hierarchy the Generic Virtual User Models refer to description of specific classes of disabled user exhibiting the same kind of disability. Here the User Models are also related to the Task Models that refer to actions performed in the five VERITAS application scenarios. The results of this level could also be potentially used by the broader community for applications that are however relevant to the five VERITAS applications scenarios. On the bottom-level of the hierarchy, the Virtual User Models refer to instances generated for a specific application scenario and for specific accessibility evaluation needs and requirements.

In the following a brief description on the definition of the above four basic element is provided, along with simple indicative examples so as to clarify potentially vague issues.

Definition of the primitive tasks

The primitive tasks define the primitive human actions and are related to the disability category (physical, cognitive, behavioral). The number of primitive tasks should be limited but also sufficient so as to efficiently model all systematically performed actions in the five VERITAS application scenarios. The degree of primitiveness that will be adopted will be carefully chosen within VERITAS.
Concerning implementation, each primitive task should contain a name as well as the category in which it belongs to. The list of primitive tasks that will be defined within VERITAS will include tasks of different categories such as: motor, cognitive, perceptual, visual, hearing, speech, etc. The following table lists some indicative primitive tasks.

	Primitive task’s category
	Primitive task

	Motor
	Push

	Motor
	Grasp

	Motor
	Pull

	Motor
	Walk

	Motor
	Sit

	Cognitive
	Select

	Cognitive
	Wait

	Cognitive
	Read

	…
	…


Table 4 Primitive tasks - Example
Definition of the task models
The Task Models that will be implemented within VERITAS will be based on the five application scenarios. They will refer to user actions/interactions with a specific environment (e.g. car, workplace, user interface) and will also follow a hierarchical structure ranging from abstract high-level task to primitive tasks. They will also support the use of assistive devices to perform a specific task, through multiple instances of a specific action. The Task Models will be developed based on existing relevant stat-of-the-art, standards and guidelines but also based on domain knowledge and relevant attributes with respect to the contents of the VERITAS application scenarios such as automotive, smart living spaces and building, domotics, infotainment, health. The following table lists an indicative instance of a task model.
	Sector
	Task
	Subtask
	Primitive tasks
	Primitive task – Object

	Automotive
	Getting in a car
	Open door
	Grasp
	Door handle

	
	
	
	Pull
	Door handle

	
	
	
	Pull
	Door

	
	
	Enter in car
	Walk
	To car seat

	
	
	
	Sit
	On car seat

	
	
	Close door
	Grasp
	Door handle

	
	
	
	Pull
	Door

	Computer 
Applications
	…
	…
	…
	…

	Smart Living Spaces
	…
	…
	…
	…

	Office Workplace
	…
	…
	…
	…

	Personal Healthcare
	…
	…
	…
	…

	Infotainment
	…
	…
	…
	…


Table 5 Task Models - Example

Definition of the Abstract User Models

The VERITAS Abstract User Models are initially formed by examining the current state-of-the-art, existing standards and guidelines related to several disabilities. In particular, the definition of the Abstract User Models will be based on:

· Analysis of existing physical, cognitive and behavioural/psychological user models with disabilities from the state-of-the-art.

· Analysis of accessibility guidelines, methodologies and existing practices such as Human Factors (HF); Guidelines for ICT products and services; "Design for All" methodologies, etc. More specifically, VERITAS will take into account appropriate principles, guidelines and standards for accessibility and universal design for various types of applications, services, goods and infrastructures, which are available from standardization organizations such as Mandate 376 ”Accessibility requirements for public procurement of products and services in the ICT domain”, the Mandate 420 “Accessibility of the Built Environment”, ETSI EG 202 116 V1.2.1 (2002-09) ETSI Guide Human Factors (HF), “Guidelines for ICT products and services - Design for All", and effectively contribute to the simulation of accessibility and usability features.

Ontologies will be used to provide a powerful interoperable and extensible description of the Abstract User Models. An abstract user model stored in the ontology will include the type of user disability, user capabilities according to the ICF functional abilities framework, user needs, characteristics from cognitive user models, physical user models, behavioural & psycholological user models, guidelines and standards.

Also, the ontology approach to be followed allows VERITAS to take advantage of the relevant work of ASK-IT, ACCESSIBLE and OASIS projects (developed by partner CERTH/ITI) and which will provide a very good starting point for the project. Additionally, knowledge will be transferred by the PERSONA project (through common partners UPM, ITACA) as well as by the VAALID project.

The advantage of using ontology for specification purposes gives a great potential to the models. Ontology can provide a common basis for communication and collaboration between heterogeneous artefacts and AmI environments. The ontology can describe the basic conceptual terms, the semantics of these terms, and define the relationships among them. A fully semantic description of the abstract user models will allow the use of inference engines in the simulation environment. The use of ontologies to describe user models and their interrelationship will also ensure the openness and the accuracy of the models specified. In case that new abstract user models should be added, designers can take profit of existing abstract user models inheriting the properties of similar ones.
The following table (Table 6) lists an indicative instance of an Abstract User Model.
	Disability category
	Disability
	Short description
	Quantitative disability metrics
	Functional limitations (ICF Classification)
	Age-related

	Motor impairments
	Spinal cord injuries 

(Thoracic injuries)
	Spinal cord injuries cause myelopathy or damage to nerve roots or myelinated fiber tracts that carry signals to and from the brain. 

The nerves that control a man’s ability to have a reflex erection are located in the sacral nerves (S2-S4) of the spinal cord and could be affected after a spinal cord injury. 

American Spinal Injury Association Impairment Scale 

· A=complete. No sensory or motor function is preserved in the sagral segments S4-S5.

· B=incomplete. Sensory but not motor function is preserved below the neurological level and includes the sacral segments S4-S5

· C=incomplete. Motor function is preserved below the neurological level and more than half of key muscles below the neurological level have a muscle grade less than 3. 

· D=incomplete. Motor function is preserved below the neurological level, and at least half of key muscles below the neurological level have a muscle grade greater than or equal to 3. 

E=Normal. Sensory and motor function is normal.

-Self-selected gait

“The SF-36 Subscales and Descriptive Statistics for the SCI Group (n=320) in Comparison With Swedish Normative Data (n=8,930)”.

Muscle lengthening and shortening (velocity at the ankle, ANK d/dt)

-A knee flexion contracture blocks progression during stance by inhibiting the advancement of the thigh.

-Lower extremity muscle strength is an important determinant of functional walking performance.

-Hip extensors are important for the ambulatory capacity.

-Falling during activities.

General affected tasks

-Access to sports and work activities

-Driving

-Neurogenic bladder and bowel problems

-Ability to concentrate

-Memory function

-Locomotor capacities
	1. Gait parameters
: 

-Weight shift: inability to effectively transfer weight between legs  

-Step width: decreased step width  

-Step height: decreased step height  

-Step length: decreased step length

-Step rhythm: abnormal step rhythm 

-Excessive plantar flexion during swing phase 

- Delayed heel rise achieved less peak knee flexion in swing
	· S120 Spinal cord and related structures 

· S1200 Structure of spinal cord 

· S12000 Cervical spinal cord 

· s12001 Thoracic spinal cord 

· s12002 Lumbosacral spinal cord 

· s12008 Structure of spinal cord, other specified 

· s12009 Structure of spinal cord unspecified 

· s1208 Spinal cord and related structures, other specified 

· s1209 Spinal cord and related structures, unspecified  


	Could be

	
	
	
	2. Temporal gait variables: 

-Gait Cycle (sec):2.17 (1.05) 

-Cadence (steps/min): 65.0  (23.1)

-Double support (%): 42.8 (10.2)

-Stride (m): 0.48 (0.13)

-Velocity ((m/sec)/height): 0.27 (0.13)
	· 
	

	
	
	
	3. Kinematic variables: 

-Hip excursion (˚): 39.3 (9.0)  

-Knee excursion (˚): 38.1 (13.2)  

-Ankle  excursion (˚): 25.0 (4.9)  

-Hip velocity (˚/sec): 38.2 (17.5)

-Knee velocity (flexion) (˚/sec): 64.1 (41.8)

-Knee velocity (extension) (˚/sec): 83.8 (54.2)

-Ankle  velocity (˚/sec): 48.1 (30.8)
	· 
	


Table 6 Abstract User Models - Example
Definition of the Generic Virtual User Models

A Generic Virtual User Model describes the class of virtual user models exhibiting one or more specific disabilities. The Generic Virtual User Models will also describe the tasks and primitive tasks affected by the specific disabilities and their associated disability-related parameters. 
The following table lists an indicative instance of a Generic Virtual User Model.

	Disability
category
	Disability
	Affected primitive tasks (*)
	Affected primitive tasks’ parameters

(*)

	Motor
	Hemiplegia
	Grasp
	The user is able to grasp objects, with

size <= 3cm x 3cm x 3cm

	
	
	Pull
	The user can pull an object with max_Force: 5N

	
	
	Walk
	Gait velocity ranges from 0.18 to 1.03 m/s

	
	
	
	Abnormal step rhythm

	Motor
	Muscular dystrophy
	…
	…

	Motor
	Multiple sclerosis
	…
	…

	Motor
	Rett Syndrome
	…
	…

	Vision
	…
	…
	…

	Hearing
	…
	…
	…

	Cognitive
	…
	…
	…

	Speech
	…
	…
	…


Table 7 Generic Virtual User Models - Example
Definition of the Virtual User Models
The Virtual User Models are instances (Virtual users, Personas) of the Generic Virtual User Models and describe a specific virtual user with specific disability related parameters including disabilities, affected primitive tasks and specific affected primitive tasks’ parameters for the specific user.
The following table lists an indicative instance of a Virtual User Model.
	User ID
	Disability
category
	Disability
	Affected primitive tasks
	Affected primitive tasks’ parameters

(*)

	User 1
	Motor
	Hemiplegia
	Grasp
	The user is able to grasp objects, with

size <= 2.5cm x 2.5cm x 2.5cm

	
	
	
	Pull
	The user can pull an object with max_Force: 3N

	
	
	
	Walk
	Gait velocity : 0.9 m/s

	
	
	
	
	Abnormal step rhythm

	User 2
	…
	…
	…
	…


Table 8 Virtual User Models – Example
3.2 VERITAS requirements from existing standards

VERITAS aims to utilize, whenever possible, existing standards for the formal and valid implementation of the user models.  Specifically, detailed principles, guidelines and recommendations as well as machine-readable formats (meta-models, ontology-schema, etc.) are needed concerning the definition and development of user and task models.

Based on the aforementioned methodology, the following list of requirements of VERITAS from existing standards, has been defined: 

· Accessibility support: Structured description of abilities and functional limitations for all disability categories and sub-categories. Guidelines and specifications for designers, manufacturers and service providers, for ensuring that their products and environments take into account accessibility limitations (in order to support design for all).

· User profile description: Detailed and structured description of user profiles for supporting personalization.
· Disabled user preferences structured description: Description of user preferences of the disabled users and the elderly, in the context of Human-Computer interaction.

· User Interface Modelling: A formal and efficient way for describing user interfaces. It should be noticed that the user interfaces are not confined within the context of ICT applications but should also describe interactions for non-ICT domains. 

· Multimodal Interfaces Support: Provision of guidelines and recommendations for the design of multimodal interfaces. Also, provision of a formal way for describing multimodal use interfaces.

· Assistive devices: Detailed and structured representation and modelling of assistive devices and their relevance to different types of disabilities.

· Task modeling support: Detailed modeling of primitive and complex user tasks, while interacting with ICT and non-ICT interfaces that can be performed in the context of a workflow.

· Workflow support: Workflow representation guidelines and methods for describing use interaction while performing specific tasks.

· Disability-related user interaction characteristics and parameters: Detailed description of disabled user physical, cognitive, behavioral and psychological characteristics. Includes guidelines, metrics, bounds and limitations that the parameters follow as an effect of the functional limitation of the user.
4 VERITAS in the context of existing standards 
The following table summarizes the most relevant to User Modelling standards and methodologies (extensively presented in sections ‎2.1, ‎2.2 and ‎2.3). It also describes their potential use within VERITAS along with potential contributions of VERITAS so as to fill existing standardization gaps.
	Standard/Methodology
	Potential use in VERITAS
	Potential contribution of VERITAS

	ETSI TS 102 747; Human Factors (HF); Personalization and User Profile Management; Architectural Framework
	VERITAS may follow some of the recommendations provided by this standard (ex. those concerning privacy) for the management of the Virtual User Models.
	

	ETSI ES 202 746; Human Factors (HF); Personalization and User Profile Management; User Profile Preferences and Information
	VERITAS may include the user preferences specified by the standard, especially those related to disabilities  to the structure of the Virtual User Models. 
	VERITAS could possibly extend the user preferences related to disabilities.

	ISO/IEC 24751-1:2008 (Information technology - Individualized adaptability and accessibility in e-learning, education and training - Part 1: Framework and reference model)
	This standard is not too relevant with the goals of VERITAS. However, it proposes a process for matching digital resources to user’s needs and preferences. Some of the steps of the proposed process could provide guidance to VERITAS on how the Virtual User Models could be used by a simulation platform.
	

	ISO/IEC 24751-2:2008 (Information technology - Individualized adaptability and accessibility in e-learning, education and training - Part 2: "Access for all" personal needs and preferences for digital delivery)
	VERITAS may include a subset of the stated in the standard user needs and preferences related to disabilities to the structure of the Virtual User Models.
	VERITAS could possibly extend the user preferences related to disabilities.

	MARIA XML
	One of the requirements of VERITAS is the formal and detailed description of User Interfaces of ICT and non-ICT applications. On the other hand, MARIA XML provides meta-models that describe in detail the design of user interfaces with focus on applications based on web services. Consequently, MARIA XML could be used in VERITAS for the description of user interfaces of such ICT applications. 
	

	W3C Delivery Context Ontology
	The Delivery Context Ontology itself constitutes a vocabulary of terms describing different types of devices. This vocabulary can be used in the Abstract User Models as well as in the Virtual User Models wherever special requirements have to be defined for a user concerning the interaction with various devices.
	VERITAS could possibly extend the vocabulary of the Delivery Context Ontology in the context of assistive devices.

	W3C Composite Capability/Preference Profiles (CC/PP)
	VERITAS may use the user preferences specified by the standard, especially those related to disabilities, for the development of the Abstract and Virtual User Models.
	VERITAS could possibly extend the user preferences related to disabilities.

	IMS Access For All Personal Needs and Preferences Description for Digital Delivery Information Model
	This standard provides a machine-readable method of stating user needs and preferences with respect to digitally based education or learning. Some of the stated user needs may also be used out of the scope of e-learning, describing the limitations in interaction of the user with the environment (ex. there are attributes like “speech-rate”, “pitch” and “volume” concerning screen readers). The description of such user needs, as it is proposed by the standard, may be used in the development of VERITAS Abstract and Virtual User Models.
	VERITAS could possibly extend the definitions of user needs and link them with specific disabilities.

	ETSI EG 202 116; Human Factors (HF); Guidelines for ICT products and services; "Design for All"
	ETSI EG 202 116 contains definitions of user characteristics, including sensory, physical and cognitive abilities. These definitions may be used in the development of the VERITAS Abstract User Models, in order to express how the disabilities are connected with the sensory, physical and cognitive abilities of the user.

Additionally, ETSI EG 202 116 describes how user abilities are changing over years. This information could be used in the development of VERITAS Generic Virtual User Models representing users of different age groups.
	VERITAS could possibly extend the definitions of user characteristics and even create machine-readable formats (ex. XML-schemas) of these characteristics.

	ETSI TR 102 068; Human Factors (HF); Requirements for assistive technology devices in ICT
	ETSI TR 102 068 describes user sensory, physical and cognitive disabilities and correlates them with assistive devices. VERITAS may use this information in the development of the Abstract User Models, which describe the disabilities, in order to correlate the disabilities with assistive devices.
	

	EG 202 325 - Human Factors (HF); User Profile Management
	EG 202 325 provides guidelines relevant to users' needs to manage their profiles for personalisation of services and terminals. VERITAS may follow some of these guidelines for the better management of the Virtual User Models.
	

	BS EN 1332-4:2007 (Identification card systems. Man-machine interface. Coding of user requirements for people with special needs)
	BS EN 1332-4:2007 provides a set of detailed definitions of user needs (such as preferred speech output rate, requirement for specific type of fonts, etc.), including people with special needs, for example the aged, minors, people with disabilities, those with learning difficulties, first time users, those not conversant with the local language. These user needs may be used in the VERITAS Abstract User Models, presenting this way how user needs are connected with the disabilities.
	VERITAS could possibly extend the list of requirements concerning the interaction of elderly and disabled people with a user interface.

	ISO 11228-2:2007 (Ergonomics -- Manual handling -- Part 2: Pushing and pulling)
	ISO 11228-2:2007 provides structured information illustrating the maximum acceptable forces concerning pushing/pulling for the 90% of the healthy adult working population, according to different parameters (gender, pushing/pulling distance, frequency, etc.). Additionally, many other comparative tables are provided (ex. population subgroup profiles varying in age and gender and reflecting elderly working population (50-64 years)). This information could be taken into account during the development of the VERITAS Generic Virtual User Models.
	

	ISO/DIS 24502 (Ergonomics -- Accessible design -- Specification of age-related relative luminance in visual signs and displays)
	ISO/DIS 24502 provides a comparative analysis concerning the age-related spectral luminous efficiency (age is defined in decade). This information is pretty useful when there is need for the development of User Models representing a population group of specific age and could be taken into account during the development of the VERITAS Generic User Models.
	

	BPMN
	BPMN may be used for the graphical notation of the VERITAS Task Models.
	

	XPDL
	XPDL may be used for the definition of the VERITAS Task Models.
	

	WHO ICF
	WHO ICF provides classifications related to body functions and structure, and a list of domains of activity which may be used during the development of the VERITAS Abstract User Models.
	

	UsiXML
	One of the requirements of VERITAS is the formal and detailed description of multimodal interfaces as well as user tasks. On the other hand, UsiXML provides meta-models that describe in detail the design of multimodal user interfaces, while it also supports task modeling.  Consequently, UsiXML could be used in VERITAS for the development of multimodal user interfaces and task models. 
	VERITAS could possibly extend UsiXML with meta-models describing the users with particular emphasis on elderly and disabled. 
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