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Abstract 

The needs and capabilities of persons with disabilities are manifold and ICT-based Assistive 

Technologies (AT) support many people with severe physical or mental restrictions today. Although ICT-

based AT is on the agenda in ICT, Rehabilitation Engineering, service provision for people with 

disabilities and related disciplines more than 40 years, tools and frameworks for highly customizable 

assistive solutions do not exist on the market, nor are they described in scientific literature. Furthermore, 

highly specialized solutions are out-of-reach for many clients due to their high price. As a consequence, 

many people with disabilities cannot be adequately supported with Assistive Technology - and their full 

potential remains untapped (WHO 2011).  The motivation behind this work is to develop and evaluate a 

component-based software framework and dedicated hardware modules for an efficient creation of 

personalized assistive solutions – ranging from specialized computer access to Augmentative and 

Alternative  Communication (AAC), from environmental control and Internet-of-Things (IoT) to 

accessible gaming. By providing a set of reusable components for the integration of novel sensor- and 

actuator technologies, a cost-effective and rapid personalization of AT solutions is fostered. In this 

article, we present the software framework and hardware modules and discuss the results of evaluations 

done with end users. 
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Introduction 

Modern Assistive Technology (AT) solutions cover a wide range of applications and 

strengthen rehabilitation, wellbeing and autonomy of persons with disabilities by providing 

means for communication and interaction with people and the environment. Traditionally, these 

tools and solutions have been designed for distinct domains of application and used for 

proprietary interfaces. Thus, off-the-shelf AT-solutions can hardly be combined or adapted to 

individual capabilities and needs of a particular person. ATs today are still general purpose tools 

for groups of users, other than personalized solutions implemented with the user. This leads to 

abandonment of AT or demands for a lot of cost intense redesign to tailor solutions to the actual 

needs of users. AT is to be seen more as a service implemented at a user based on individual 

assessment than general purpose products (Desideri et al.). 

To address these issues, the AsTeRICS open source AT-construction set and 

accompanying hardware modules have been developed and evaluated in a series of R&D-

projects (Nußbaum et al.). These tools can be combined and parameterized in user-centered 

design processes, in order to create unique AT solutions that match individual needs and 

capabilities of a particular person. By using a graphical system design approach, solutions can be 

modified even during field-tests, together with end users and without programming effort, 

thereby reducing the development costs while increasing the flexibility of application. It is the 

ultimate goal of our developed toolkit to make the process of implementing AT solutions an 

integrated part of the service/support process which can be performed as much as possible by 

formal or informal service and support staff. 
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Background and State-of-the-Art Overview 

ICT-based technological aids for persons with disability comprise a plethora of devices 

and software-based solutions - supporting communication, visual- or hearing capabilities, 

movement and interaction with the environment as well as cognitive abilities and learning, see 

for example Pinheiro et al. In the following, we discuss some examples focusing on mouth-

controlled alternative input devices for people with severe motor disabilities, and we demonstrate 

the innovative aspect of a toolkit-based implementation of ATs using component-based Visual 

Programming Languages (VPL). 

Tongue-controlled input devices are well documented in scientific literature (e.g. Kim et 

al., Houm & Ghovanloo or Lund et al.). Surprisingly, very few scientific publications cover 

mouth-based systems that are controlled via the user’s lips or chin movement. One related work 

by Jose & Lopes presents a human-computer interface controlled by the lips, which is head-

mounted and captures the lower lip muscle movements via a joystick. Nevertheless, several 

commercial mouth-controllers are available, including the TetraMouse 

(http://www.tetramouse.com), the Integra Mouse (http://www.integramouse.com), the Lipstick 

(http://www.shannonelectronics.nl), Quadjoy (http://www.quadjoy.com), Jouse 

(http://www.compusult.net/assistive-technology/our-at-products/jouse3), HAPP-100 

(http://www.celticmagic.org) and the QuadStick (http://www.quadstick.com). These devices 

establish mouse-replacement functionalities via different sensing technologies like magnets, 

force sensors or optical sensing. QuadStick offers the most comprehensive set of user-adjustable 

settings, including sensitivity- and acceleration parameters for mouse- or joystick control, 

changeable profiles for keyboard emulation, mapping for gestures to desired actions and 

compatibility with major gaming console controllers.  

http://www.tetramouse.com/
http://www.integramouse.com/
http://www.shannonelectronics.nl/
http://www.quadjoy.com/
http://www.compusult.net/assistive-technology/our-at-products/jouse3
http://www.celticmagic.org/
http://www.quadstick.com/


A Toolkit for User-Centered Design for Assistive Technology Solutions 46

Journal on Technology and Persons with Disabilities 
Santiago, J.  (Eds): CSUN Assistive Technology Conference 
© 2018 California State University, Northridge

Visual Programming Languages (VPL) and model-based design are established 

paradigms in scientific computing and engineering – with well-known examples like Simulink by 

MathWorks (https://www.mathworks.com/products/simulink.html) or Labview by National 

Instruments (http://www.ni.com/de-at/shop/labview.html). In the domain of bioelectric signal 

processing, several frameworks utilize model-based design and VPL, foremost the OpenVibe 

designer for BCI applications (Renard et al.) and the BioExplorer neurofeedback suite 

(http://www.cyberevolution.com). The most versatile VPL designer for near-real time processing 

of multimodal data we are aware of is the EyesWeb framework which focuses on computer 

vision and audio data processing for interactive art performances (Volpe & Carmurri et al.). 

EyesWeb offers a great number of processing elements and even allows utilization of multiple 

CPU-cores for parallel signal processing tasks. Although VPL and graphical model design seem 

a “best-match” for prototyping highly individual AT-solutions, to our best knowledge such an 

approach has not been applied for Assistive Technology development before.  

Methods and Framework 

 In this chapter, we briefly introduce the AsTeRICS framework for component-based, 

graphical design of AT-solutions and the FlipMouse and FABI hardware modules, and we will 

describe a methodology how these open source tools can be utilized in single subject 

experimental designs. 

AsTeRICS – a Component-Based Software Framework for Assistive Technology 

 AsTeRICS - the Assistive Technology Rapid Integration and Construction Set - is a 

software framework which has been created in a collaborative research project co-funded by the 

European Commission (Nußbaum et al.). AsTeRICS uses a component-based software approach 

and an open architecture with interfaces for sensor-, processor- and actuator-plugins that offer 

https://www.mathworks.com/products/simulink.html
http://www.ni.com/de-at/shop/labview.html
http://www.cyberevolution.com/
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building blocks for AT- , AAC- and environmental control solutions. A Java/OSGi middleware 

handles the lifecycle of the plugins and the data exchange, see Veigl et al. (2013). Using a 

graphical editor for visual programming (the AsTeRICS Configuration Suite – ACS), plugins 

can be combined into end-user-ready solutions also by non-experts like computer literate care 

persons or family members. Using the ACS, assistive solutions can be designed or adapted 

directly at the user’s site in close cooperation with the clients, and without the need of 

programming knowledge. Figure 1 shows the main components of the AsTeRICS framework 

and their interconnection: the ACS communicates with the runtime environment (ARE) via an 

open protocol (ASAPI) for exchange of model data (xml) and plugin parameter settings. The 

ARE holds the functional OSGI plugins and services, and exposes a Webserver for easy 

configuration of features via desired web-enabled devices.  

Fig. 1. Key components of the AsTeRICS framework. Source: Veigl et al. (2017) 
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Currently 191 plugins are available, offering mathematical operations, feature detection 

and classification algorithms and interfaces to various off-the-shelf hardware modules for 

sensing (e.g. inertial measurement units, computer vision or bioelectric signal acquisition) and 

actuation (e.g. building automation standards like KNX or EnOcean, speech synthesis or mouse 

emulation). By connecting plugins and adjusting their parameters in the ACS, signal- and event 

pathways are defined and unique assistive functions can be created, integrating diverse sensing 

technologies with existing AT-products or the Smart Home. The system architecture is capable 

of handling concurrent data streams of multiple signal channels and the data can be processed 

under near-real-time constraints. For further details please refer to Weiß et al. and Acedo et al. 

FlipMouse and FABI – low-cost versatile Input Devices 

In order to provide highly sensitive and configurable alternative input variants for persons 

with limited motor control, the FlipMouse and FABI devices for computer- and smart-phone 

access were created (Aigner et al). The FlipMouse is a microcontroller-based device which 

emulates mouse-, keyboard and joystick functions via the USB HID standard. All functions can 

be controlled via lip-movements, sip-and-puff actions or minimal finger movements (see Figure 

2). The mouthpiece acts as a zero-way-joystick which can be operated with extremely low forces 

of about 0,02N. The FlipMouse offers manifold configuration options including sensitivity, 

acceleration, maximum speed, press/release key combinations, phrase writing, command macros 

and more. Different sip/puff threshold levels and gestures can be defined, giving a maximum of 

112 user-actions (16 actions per profile, up to 7 profiles which can be stored into the internal 

EEPROM memory).  
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Fig. 2. The FlipMouse (left), used via lips (middle) or finger interaction (right). 

The FlipMouse can also act as a universal infrared remote control for environmental 

control applications and learn IR-codes from arbitrary consumer electronics (Figure 3). Using the 

Bluetooth-add-on module allows switching between two controlled devices (e.g. the PC 

connected by USB and a smartphone or tablet connected by Bluetooth). The raw values can be 

processed within the AsTeRICS framework, using a dedicated plugin for the FlipMouse. This 

data can easily be combined with EyeTracking, voice recognition or other modalities in order to 

achieve desired functionalities. An example was presented in the work by Aigner et al., where a 

versatile musical instrument was developed for a user with late-stage muscular dystrophy by 

combining the FlipMouse with gaze tracking hardware in a dedicated AsTeRICS model. The 

FlipMouse is available as a construction kit and related design plans and documentation can be 

downloaded from GitHub (https://github.com/asterics/FLipMouse). 

 The FABI module (Flexible Assistive Button Interface) is a configurable interface box 

for up to 9 momentary switches which offers a rich set of mouse- and keyboard actions and can 

be manufactured at very low cost. Similar to the FlipMouse, the button activities can be freely 

configured in a dedicated software GUI, multiple memory slots for configurations are available 

and a Bluetooth module can be added if desired. A standard FABI switchbox can be built in 

about one hour, material cost is about 15 €. Both devices (FlipMouse and FABI) can be used 

stand-alone or in combination with the AsTeRICS framework.  

https://github.com/asterics/FLipMouse
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Fig. 3. The FlipMouse recording IR-codes (left). The FABI low cost switch interface (right). 

Scientific Methodology: Single Subject Design and Participative Action Research  

Although the Randomized Controlled Trial (RCT) represents an essential methodology to 

elucidate cause and effect in clinical studies and user evaluations, RCT can hardly be applied in 

situations where user characteristics differ significantly and thus a consistent sample group 

cannot be established, or if experimental setups are exclusively created for a particular person. 

Such Single-Subject Design (SSD) is also known as the “n-of-1 trial”, “single-system design”, or 

“single-case experimental design” and has been thoroughly described by Guyatt et al., Horner et 

al., Backman & Harris (1999) and others. SSD provides the flexibility to fit an intervention to the 

specific characteristics of an individual and represents a reasonable methodology for the 

evaluation of results. For rating methodological quality of single subject designs, Tate and 

colleagues developed the Single Case Experimental Design (SCED) scale (Tate et al.). Although 

not all criteria of the SCED scale could be applied in the user studies presented herein (omitting 

inter-rater reliability, independent assessor and generalization), the scale was helpful for shaping 

the study designs. For developing the assistive solutions together with the end-users, a 

Participatory Action Research (PAR) method was applied, where the clients are directly involved 

in the formative evaluation and indirectly involved in the system/software development process, 

see Veigl (2017). 
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Changing Service Practice: User-centric and Personalized AT Solutions and Evaluation 

 Using the AsTeRICS open source framework and toolkit, a wide range of assistive 

applications can be created with minimum cost and efforts, including computer control for 

persons with severe motor restrictions, environmental control systems for interaction with Smart 

Home infrastructure, Augmentative and Alternative Communication solutions or accessible 

gaming setups. In the following, we demonstrate the creation of a functional AAC-solution using 

AsTeRICS, FABI and the FlipMouse. 

Design Example: An AAC-Grid with Environmental Control Functions  

To illustrate the creation of AT-solutions using the AsTeRICS framework, we 

demonstrate the design of a simple AAC communication grid with graphical symbols (organized 

in a tree hierarchy). The grid offers stepwise scanning for selection, speech synthesis and 

infrared environmental control for home entertainment devices. The FABI interface allows the 

connection of a momentary switch and the FlipMouse is used for infrared remote control. 

Fig. 4. AsTeRICS graphical model design of the AAC grid in the Configuration Suite (ACS). 



A Toolkit for User-Centered Design for Assistive Technology Solutions 52

Journal on Technology and Persons with Disabilities 
Santiago, J.  (Eds): CSUN Assistive Technology Conference 
© 2018 California State University, Northridge

Figure 4 shows the underlying AsTeRICS model in the ACS editor: the primary plugin is 

the Cellboard processor, its settings are depicted in the property editor on the right. This plugin 

provides a configurable on-screen grid with a desired number of rows and columns. The grid 

elements can be filled with text or graphical symbols. The selection method for choosing a cell 

can be set to direct (mouse-click) selection, hover selection or stepwise scanning (row/column, 

column/row or directed scan). When a cell is selected during runtime, events or command strings 

are sent to connected plugins. In this example, a SpeechProcessor and a FlipMouse plugin are 

connected to the CellBoard and receive command strings only when respective cells are selected. 

This is realized via 2 StringFilter plugins which detect dedicated tokens in the command strings. 

The SpeechProcessor creates synthetic speech via an adjustable voice. In this use case, the 

FlipMouse is used solely as an actuator for sending Infrared Remote codes. IR-Commands were 

pre-recorded from IR-remote control units of desired home entertainment devices. Finally, the 

FABI switchbox is configured to generate a Spacebar-key when a connected momentary switch 

is pressed. Whenever the keycode for the Spacebar is detected by the KeyCapture plugin, an 

event is sent to the Cellboard so that the scanning- and selection process can be controlled via 

the connected switch. Figure 5 shows the finalized user interface with symbols and text captions. 

Unless the Cellboard is locked via a dedicated property value, the cell content can be changed 

via a right mouse click, which opens a pop-up window where command strings, image files or 

xml-files of sub-grids can be chosen. Thus, a comprehensive multi-layered grid can be created. 
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Fig. 5. Main panel of the finalized AAC- and environmental control grid (captions in German). 

Evaluation with End-Users 

Over a period of two years, the component-based AsTeRICS software framework and the 

accompanying hardware modules FlipMouse and FABI have been evaluated with different 

persons (with and without disabilities). A quantitative evaluation of the FlipMouse has been 

performed with 10 users. In course of this evaluation, timing and precision have been measured 

during selection of non-moving targets on a computer screen. For the presentation of the on-

screen targets, the Aimbooster tool was used (http://aimbooster.com). Aimbooster allows 

adjustment of different parameters including the size of clickable targets, the size of the 

presentation window, the presentation time, moving or stationary targets and more. The settings 

can be saved in an online database in order to provide identical setups for later evaluations. The 

utilized settings for this evaluation are available via the URL http://aimbooster.com/s/z1hdpNS. 

Ten persons participated in the study, where 6 had a motor disability in the upper limbs 

and 4 had no motor disability. All participants were first-time-users of the FlipMouse, controlled 

the mouse cursor via mouth/lip interaction and used puff activity for clicking. Every person 

performed 3 test runs, where one test run took 2 minutes to complete. The board size was set to 

800 x 600 pixels and the board was presented on a 21” LCD screen, where screen resolution was 

http://aimbooster.com/
http://aimbooster.com/s/z1hdpNS
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set to 1280 x 720 pixels. Single targets of 20 pixel diameter were presented at randomized 

locations on the board. Timing and click performance were measured. In Table 1, the averaged 

time for hitting a target, the number of hits and misses (and their ratio) as well as the count of 

center hits (where the participant succeeded in clicking the very small center of the target) are 

shown. A comparison between the averaged performance results of the users without disability 

(U1-U4, hit rate: 69.75%, center hits: 39.5, average time: 3226ms) and the users with physical 

limitation (U5-U10, hit rate: 65.83%, center hits: 18, average time: 3119.5ms) reveals similar 

target hit rates and timing. The rather big difference for the center hit counts (39 for the non-

disabled persons vs. 18 for the persons with disability, suggesting a higher target precision for 

the first group) should be examined in a dedicated study setup with a bigger sample size in order 

to obtain significant results.  

Table 1. Averaged Scores for FlipMouse Target Hit rating for 10 users  

(U1-U4 without motor disability, U5-U10 with a motor disability in upper limbs) 

U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 

Avg. 
Time 

2649
ms 

2804 
ms 

4524 
ms 

2927
ms 

4206 
ms 

3341 
ms 

2607 
ms 

2808 
ms 

3174 
ms 

2581 
ms 

Center 
Hits 

34 43 39 42 12 17 19 15 19 26 

Hits 54/65 58/70 42/70 47/72 36/68 25/36 33/46 27/42 29/46 38/48 

Hits 
Percent 

83% 82% 60% 54% 52% 69% 71% 64% 60% 79% 

Furthermore, multiple single subject user studies have been performed, probing the 

potential of the AsTeRICS framework with FlipMouse or FABI hardware modules in individual 

application scenarios. These studies implemented a Participatory Action Research (PAR) 
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methodology and were realized together with persons with unique capabilities and needs. Before 

starting evaluations, informed consent documents and a data protection agreement were 

discussed with the participants and signed by clients and assessors. The clinical history, prior 

used assistive tools and the goals of the intervention were determined in a preliminary interview. 

Where applicable, baseline measurements were taken with existing AT. In the following, we will 

describe setup and results of one of these studies in more detail. 

User Evaluation with T.W.: 

T.W. is a 15 year old boy with Dychenne Muscular Dystrophy who has a very limited 

range of upper and lower limb movements (fingertips can be moved about 2 cm, hands cannot be 

lifted). Due to the decreased hand-/finger force, T.W. cannot use a standard computer mouse 

anymore and also experiences increasing problems when using his special joystick for 

wheelchair control.  Because T.W. relies on breathing support through the nose, mouth-

controlled input devices could only be applied with difficulties. The primary goal of the 

intervention was to improve the input capacity of T.W. in order to revive his computer gaming 

activities and enable internet browsing. With the AsTeRICS framework, an off-the-shelf 

eyetracking device (Tobii EyeX, http://tobiigaming.com) and a unique 5-switch controller (based 

on the FABI device), a unique input solution was established. The switch controller was 

specifically designed to fit T.W.’s left hand (see Figure 8). The location of 5 low-force 

momentary switches matches the position of the fingertips of his left hand. The actuation force is 

less than 0,07 N.  Instamorph moldable plastic (http://www.instamorph.com) was used to model 

the shape of the controller. The FlipMouse is utilized as a finger-joystick for the right hand (see 

Figure 6).  An AsTeRICS model provides 20 different key mappings for the FABI device which 

can be changed by the user during operation, supporting different computer games and other use 

http://tobiigaming.com/
http://www.instamorph.com/
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cases. T.W. is now able to fully use his computer (running the standard Windows-10 operating 

system), browse the internet and play various non-trivial state-of-the-art computer games.  

Fig. 6. T.W. using FlipMouse, Fabi and AsTeRICS for gaming. 

In a series of quantitative measurements, the reaction time and key selection performance 

of the tailored FABI interface was evaluated. For this purpose, a dedicated AsTeRICS model has 

been designed, which presents 1 out of 5 target keys and measures the time until this key is 

successfully pressed. The keys are selected randomly, and after a correct keypress was detected a 

randomized idle time of 3 to 8 seconds is applied in between the trials to avoid anticipation of the 

next stimulus. One trial session consisted of 20 trials. The time to hit the correct key was 

measured in milliseconds and added to a dedicated CVS file for each key for later statistical 

computation. T.W. performed 7 sessions over a period of several days. A total of 140 values 

were measured and after removing some measurement errors which resulted from unintended 

interruptions of the measurement procedure, 125 values could be used for the evaluation. The 

results can be viewed in the box plots in Figure 7. The median reaction time is located below one 

second, except for finger 1 (pinky finger) with slightly slower reaction. The box plots indicate a 

good overall performance of the interface and a high usability for the intended application areas 

(gaming and computer control). 
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Fig. 7. Box plots of the key press reaction times for 5 fingers of the left hand 

(1: pinky, 2: ring, 3: middle, 4: index, 5: thumb) 

Conclusion 

The developed software framework and hardware modules offer a rich set of reusable, 

configurable open source components for an iterative construction of unique assistive solutions 

that are tailored to capabilities and needs of individual persons. In course of the scientific 

evaluation a Single Subject Experimental Design, it could be shown that rapid prototyping of 

personalized solutions is cost effective and can considerably increase the interaction efficiency 

and the sphere of activity of people with severely limited motor control. The developed solution 

is still in use by the test subject on a daily basis, for up to 8 hours per day. 

It is suggested that therapists and care personnel receive training with similar tools so that 

personalization can become an integral part of everyday service provision. This demands for an 

organizational shift of focus towards using the potential of personalized AT at larger scale: AT 

should not be considered as an external resource to be ordered - but more as a solution to be built 

together with the users in the service process, based on shared components and know-how.  
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In accordance with general recommendations for AT service delivery practice (Andrich, R., et 

al.) we suggest that more hands-on training is needed for service delivery professionals so that 

AT solution implementation can become part of their daily routine. AT solutions must be driven 

by end users and their formal and informal care/support team. This on the one hand asks for a 

change in AT engineering to be more understood as a component provider and consulting unit 

than as a solution provider. On the other hand this asks for according change management in the 

service sector - to take AT on board and making it part of service practice with according 

implications on strategy, investment and staff (recruiting, competence formation). 
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