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ABSTRACT
Among the key components of designing accessible products and services for disabled users is accessibility testing and support. The VERITAS FP7 project has developed a platform that consists of several tools that provide automatic simulation feedback and reporting for built-in accessibility support at all stages of ICT product development. In this explorative pilot study, we evaluated the usability and technology acceptance of using three of these tools in the design of accessible GUI-based ICT products in five application domains. A sample of 80 designers/developers (12 female; 68 male) evaluated the three tools by filling in the standard SUS and TAM questionnaires. Results revealed good usability and technology acceptance for all three tools as a novel accessibility testing method.  The VERITAS platform can offer an intuitive solution in accessibility design and can ensure that ICT products are designed for all.
Categories and Subject Descriptors
D.2.2 Design Tools and Techniques; H5 Information Interfaces and Presentation; H.5.2 User Interfaces
General Terms
Design, Human Factors
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1. INTRODUCTION

It is estimated that up to 15% of the European Union population has a type of disability such as a hearing, visual, speech, cognitive, or motor impairment [3]. People with disabilities are often   faced   with   significant   challenges   to   independently participate in various aspects of daily life. Inaccessible applications, services, goods, or infrastructures are largely considered in the European Disability Action Plan [16] as the essential disabling barriers to full and equal participation in many aspects of daily life. Removing these barriers, therefore, will significantly improve the quality of life of people with disabilities.

Traditionally, developers have relied on existing development tools and packaged solutions and on a range of principles, guidelines and standards for accessibility design. Despite the increasing importance of accessibility over the last years, the latter still do not provide explicit guidelines to developers on how to sufficiently adopt them during design and development, whereas the former in most cases give little assistance to develop accessible ICT solutions.

The VERITAS (Virtual and Augmented Environments and Realistic User Interactions To Achieve Embedded Accessibility Designs) project aims at developing a novel platform of tools for accessibility support and to ensure that future products and services are being systematically designed for people with the aforementioned types of disabilities. The goal is to introduce simulation-based testing into five important industrial domains: (i) automotive, (ii) smart living spaces, (iii) workspace, (iv) infotainment and games, and (v) healthcare.
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2. RELATED WORK
In response to the need for progress, there have been sporadic, but limited, attempts to support automated accessibility testing and design. Different approaches have been proposed in the literature, varying from the use of ‘personas’ [4] [13] in the design of user interfaces for disabled people to the development of full design tools.

Several such tools are already in use in the five targeted application areas. In the automotive industry, the RAMSIS human modelling tool [10] is currently used in the design of automobiles, while CATIA is a leading commercial software suite for human modelling with applications in the design of automotive parts [14] and car aesthetics [17]. Both tools can analyze how the manikins will   interact   with   objects   in   the   virtual   environment, as well as determine operator comfort and performance in the context of a new design.

Recent work within the smart living spaces industry has been largely based on developments in Virtual Reality (VR). Such a study by [2] assessed accessibility evaluation by immersing the designer in the virtual world of a mechanical system. The HabiTest software tool [12] used the first approach of user immersion where the user controls a virtual wheelchair and uses a haptic device to interact with objects within a given interior building space.

The concept of simulating working environments has drawn the interest of researchers a decade ago. One of the first tools presented in the literature is the Deneb/ERGO software tool [11] that used early 3D simulation and modeling technologies in order to rapidly prototype human motion within an area and study for related  ergonomics.  In [6] the authors present a prototype for adapting workspaces to the people with physical disabilities. The prototype was found to be useful in designing and testing several alternatives at an early stage and making modifications throughout the planning process.

In the infotainment and games industry researchers have investigated the possibility of extending massive 3D game environments to be easily accessible to visually impaired people [18]. In [9] the authors constructed a system based on a game of pong to produce highly motivating rehabilitation for persons with arms partially paralyzed from a stroke. In [7] the authors present algorithms for inferring a user's cognitive performance using monitoring data from computer games, which are then used to classify significant performance changes and to adapt computer interfaces with tailored hints and assistance, when needed.

All of the above examples, however, demonstrate that related work in the area of accessibility design shares the lack of explicit support for automated accessibility evaluation, a feature that the VERITAS platform aims to address. Developers are therefore still not able to systematically test their developments in terms of their accessibility, and struggle under total absence of structured guidance, support, and tools.
3. THE VERITAS CONCEPT AND TOOLS
The VERITAS simulation platform comprises of several tools, which provide automatic simulation feedback and reporting for guideline compliance and quality of service.

3.1 The tools for GUI accessibility testing 
The VERITAS graphical user interface (GUI) accessibility assessment is passed through three phases: a) user modelling, b) application scenario definition and, c) simulation of the virtual user actions. User modelling has been based on data gathered from the medical bibliography and through the VERITAS Multisensorial Platform, which was especially constructed for this purpose [8].  This process resulted into a database of several profiles, where each profile contains the generic specification of an impairment group, e.g. people with cataract, etc. The remaining two phases are addressed through the three tools described next.
3.1.1 VERITAS user model generator
The above information is handled by the VERITAS User Model Generator tool or VerGen (hereforth referred to as T1), with which the designer selects what impairments the virtual test-user model will have. T1 can be used to define the severity of the impairment or even combine two or three impairments to one model. The tool exports a Virtual User Model (VUM), which contains the specification of an indicative virtual user selected from a population percentile, with one or many impairments of that severity.
3.1.2 VERITAS GUI simulation editor
Having created the VUM, the designer must then define the application scenario. The respective tool for defining the interaction tasks to be performed on a given GUI is the VERITAS GUI Simulation Editor tool or VerSEd-GUI (hereforth referred to as T2). Using T2, a series of GUI interaction tasks can be defined by capturing the developer’s actions on the specified GUI, e.g. mouse clicks, etc. and then defining the success/failure conditions for each.
3.1.3 VERITAS GUI simulation viewer
The simulation phase takes place using the VERITAS GUI Simulation Viewer tool or VerSim-GUI (hereforth referred to as T3) that can be used for evaluating the accessibility of a GUI.  In T3, the VUM, as well as the application scenario are loaded and simulated. In this phase, motor, vision, hearing and cognitive emulation can reproduce the impaired user’s behavior. During the simulation, the designer is able to spot any flaws of the designed GUI components. A detailed report is presented by the tool when the simulation is over. This workflow is presented in Figure 1.
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Figure 1. VERITAS GUI Accessibility Assessment Workflow
3.2 Example scenario of use
In a typical scenario of use, an educational game developer wants to   develop   an   accessible   game   for   disabled   users.  After designing a first prototype using existing design tools and guidelines, the developer then uses T1, where s/he selects the appropriate types of virtual user models, and then performs a simulated execution of the draft game prototype using T2 and T3. Information about the quality of the interaction, content accessibility difficulties   and   other   assessment   information   are   explicitly reported to the developer with respect to the target end users. The developer only compiles a draft version of the game when s/he has been able to address all issues identified by the VERITAS platform. Once the above step is finalized, then the game will be tested by gamers with different disabilities to undertake a final assessment.
4. PILOT EVALUATION PROTOCOL 
To evaluate the three tools in practice, an explorative pilot study was carried out focusing on testing their usability and acceptance in the context of the five targeted application domains.
4.1 Recruitment and training
A convenience sample of 80 (mean age 32.6 ±6.92; range 23-58 years) designers/developers participated in the pilot tests across five different countries. Twelve (mean age 31.3±5.53) were female and 68 were (mean age 32.8±7.15) male users. All had some experience in using design tools and applications in their respective area of work. Recruitment was through the VERITAS partners representing the targeted application domains.
4.2 Data collection and protocol
Informed consent was obtained from each participant of the pilot tests. Each participant was then asked to fill in a typical demographic questionnaire before beginning with the main pilot test. The evaluation of the tools began with the presentation of T2 to the user, a written description of the considered scenario, and a list of tasks to be performed autonomously. After the pilot test, each user had to fill in a System Usability Scale (SUS) [1] and a Technology Acceptance Model (TAM) [5] questionnaire, which are well-established methods in measuring perceptions of usability and acceptance of an examined technology. The protocol was similarly applied to the evaluation of the remaining T1 and T3 tools, and all participants were able to complete it. The tests were administered by two evaluators and took place from June 2013 – November 2013. Each test lasted approximately 1.5-2 hours. 
5. RESULTS AND KEY FINDINGS
The consolidated data analysis from all pilot sites that conducted the pilot tests is presented next, which was based on previous work by [15].

5.1 Usability per application area 
The SUS usability scores reached good levels for all five application areas, with all scoring above the 68 score average [15] and typically ranging between 75-83% (Figure 2). The usability of the VERITAS tools in these areas was therefore between “B” and “A” [15] (see 15 for more information on the grading).

The highest mean usability scores were achieved in the workspace (83%) and healthcare (82%) application areas, and were accordingly classified in the top 10% of scores of the usability percentile reaching the grade “A”. This means that the three VERITAS tools are a toolkit that professional designers and developers would recommend to their friends or colleagues to use.
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Figure 2. Mean SUS scores per application area
The mean usability scores for the remaining three application areas were quite similar (automotive 75%; smart living spaces 76%; infotainment-games 75%) and were accordingly graded as “B”. It is therefore evident from the respective Figure 2 that the usability of the three VERITAS tools was good for all five application areas.

5.2 Usability per VERITAS tool
Analysis of the mean usability scores per VERITAS tool was performed using the same principle. The findings revealed that the mean SUS scores per tool were above the 70% usability percentile (Figure 3). Specifically, the highest mean SUS scores were found for T1 and T3 (79% and 79%, respectively), graded therefore as “B” for their usability. The lowest mean SUS score was reported for T2 (75%); however, it still scored above the average 70%. This finding was anticipated as T2 was considered to be the tool with the lowest learnability, as compared to the rest of the tools, mainly because of the high number and complexity of the integrated functionalities.
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Figure 3. Mean SUS scores per VERITAS tool
5.3 Technology acceptance per application area
Most TAM mean scores were above 6 and are therefore considered as high across all five application areas (Figure 4). The highest scores were found in the automotive area with a notably higher mean “Intention of Use” (6.1±0.35) and mean “Attitude towards Use” (6.36±0.21) for all three VERITAS tools.
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Figure 4. Mean TAM scores per application area
On the other hand, the lowest mean scores were found in the smart living spaces area. The mean “Ease-of-use” of the three tools is similarly high in most areas, with the highest scores found in the healthcare and infotainment-games domains. Accordingly, the mean “Usefulness” of the tools was rated as high in three out of the five areas (automotive; infotainment-games; workspace). Overall, the findings from the TAM score analysis demonstrate that the positive rating of the acceptance of the three tools is consistent with the usability findings from the SUS questionnaire.
6. CONCLUSIONS AND FUTURE WORK
This paper presented results from pilot tests that were carried out to evaluate the usability and technology acceptance of three novel tools by designers and/or developers in the design process of accessible GUI-based ICT products in five application areas.

The outcomes of the pilot tests revealed interesting and promising indications on the attitude of users towards the usability and acceptance of the three tools, while they also enabled us to identify further improvements.  Participants in all five application areas reported good levels of usability for all three tools, with the findings showing a mean usability score difference that lies predominantly in the difficulty of the VERITAS tools as defined by their use, content and complexity.

Specifically, T1 and T3 were reported to be quite easy to use across all five targeted domains, while T2 was rated as slightly more difficult. This could highlight the importance of learning effects and experience, and the effect they could have on usability when complex and multi-level and purpose tools are being evaluated. It is important to note that T3 was rated as an easy to use tool, something that is particularly encouraging when considering that simulation-based testing is in the core of the VERITAS outcomes. 
Designers and developers in all five application areas showed good technology acceptance of the three novel VERITAS tools and revealed that the tools can have an impact and improve their design activities. In fact, participants from all five domains reported that the three tools could be quite useful in designing more accessible ICT products, while a good agreement was also noticed towards their positive intention to use them. 

All these findings were taken into consideration and suggested potential avenues for future work. In fact, we have already implemented some of the suggestions, which we plan to address into an improved version of the tools. Furthermore, a plan is in place to perform additional empirical validation of the new version.
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