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Abstract. The concept of adaptive user interfaces is a promising solution for 
providing users with a wide range of individual needs with accessible technol-
ogy. Developers only have to implement one generic solution to offer a  
multitude of individually optimised concrete user interfaces. Whereas a lot of 
technical functionalities and characteristics of adaptive user interfaces are al-
ready solved, there is still no widespread market adoption of adaptive UI tech-
nologies. This paper presents a collection of requirements for adaptive user  
interface systems that can enable widespread market adoption. Furthermore it 
identifies strategies and individual answers, how these requirements can be ad-
dressed and met in future systems building on the Prosperity4all approach. It 
gives a comparison of existing research solutions and how they compare with 
the stated requirements. 
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1 Introduction 

In order to provide accessible technology to end-users, adaptive user interfaces are 
recognized as one established solution (e.g. [1], [2] and [3]). By recognizing the per-
sonal and contextual user needs, the system can dynamically react by providing per-
sonalized user interfaces that can overcome usage barriers. Although there is a long 
term history in the research field of adaptive user interfaces there are no significant 
approaches established on the mainstream market yet. Our proposition is that there are 
several essential requirements that adaptive user interface systems must comply  
before being able to reach significant impact on the software market: 

Being able to provide wide ranging user interface adaptations may require a huge 
knowledge base and complex adaptation algorithms. This can hardly be accomplished 
in a centralized system. Therefore, we have identified the following prerequisite  
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requirements, which we see as essential to an adaptive user interface system:  
Modularity is necessary to being able to handle the complexity of such a system. In 
practice, an extensible approach is important to allow to focus on a subset of possible 
adaptive solutions at first and to extend gradually to more elaborated use cases. 
Openness of the implemented approach means that the possibility to integrate external 
expert knowledge into the adaption system is kept intact. This should also apply after 
the development has finished. 

Ensuring the fulfilment of the previous requirements only represent one necessary 
prerequisite step toward successful market adoption. Furthermore, we describe three 
more specific requirements for allowing widespread adoption in software develop-
ment: efficiency in the integration in a general software development processes a short 
and easy learning curve for developers as well as comprehensible and controllable 
development processes. Concluding, an overview and evaluation of existing ap-
proaches towards the described requirements is listed and the Prosperity4all concept 
of reaching these requirements is being described. 

2 Prerequisite Requirements 

The creation of adaptive user interfaces to lower accessibility barriers for users re-
quires the provision of a broad spectrum of individual solutions. To meet the particu-
lar needs of many different users, context variables and target devices, such a system 
must be able to express and handle user interaction in a great variety of ways. Fur-
thermore, this requires very many adaption rules and complex adaption algorithms. 
We state the following essential prerequisite requirements that arise from the basics 
necessities to practically work and handle such an adaptive software system. 

2.1 Modularity 

Modular approaches are identified by their characteristic to subdivide systems into 
smaller self-contained elements (modules), by the interchangeable configurability of 
modules and by clearly specified interfaces between modules. Several modules can be 
combined in numerous ways, and therefore open the possibility to a large number of 
possible solutions. Module based solutions with clear interfaces also allow for a facili-
tated division of work within project teams and for parallel development on different 
system modules by different project teams or team members. 

2.2 Extensibility 

When implementing concrete design solutions and corresponding adaption rules, 
extensibility of all adaption mechanisms should be a key concept. Extensibility means 
that existing system modules can be scaled within the adaptive system or also added 
and extended at a later stage. Practically, this can mean to start out the adaptive sys-
tem behaviour with a subset of user interface elements and to iteratively add more 
elaborated user interface elements and mechanisms at later project stages. In our  
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previous experience in the MyUI project, this factor of extensibility has shown to be 
essential and helpful for being able to handle more complex use cases. 

2.3 Openness 

In order to provide individual design solutions to the needs of particular users, de-
tailed expert knowledge and the knowledge of different user contexts is needed. Even 
if developers cover all design solutions that work for the known users, they might lack 
some particular expert knowledge about certain use cases or the characteristics of 
previously unknown users. Therefore it is essential that the adaption mechanisms in 
the adaptive system provide a certain amount of openness. This expert knowledge 
should be easily integrated also at later stages, regardless of an ongoing or closed 
development process. 

3 Basic Requirements for Market Acceptance 

In addition to the prerequisite requirements, there are further requirements that are 
targeted at developers and designers and therefore essential to potential market suc-
cess and rate of uptake of an adaptive system. To tackle the scepticism towards auto-
matically adaptive user interfaces (as described in [1]) we have identified three key 
challenges that also resemble our requirements: 

─ Efficiency in the development process of adaptive user interfaces,  
─ Short learning curve for developers and  
─ Comprehensible and controllable development processes for generating resulting 

user interfaces  

These challenges are mainly caused by the approach of model based user interfaces 
[4] that are generally used for the creation of adaptive user interfaces [5]. This means 
that an abstract model of a user interface is used as the fundamental structure for gen-
erating all possible variants of the adaptive UI. The abstract model describes the 
commonalities between all variants and is independent of concrete presentation and 
interaction mechanisms. 

The growing requirement of user interfaces running on a multitude of different tar-
get devices and platforms has fostered the need for abstract markup languages for 
automatically generated user interfaces. Some of the most notable recent approaches 
include TERESA [6] with CONCUR TASK TREES [7], PERSONAL UNIVERSAL 
CONTROLLER (PUC) [8] for example HUDDLE [9] and UNIFORM [10], addition-
ally UIML (User Interface Markup Language) and CANONICAL ABSTRACT 
PROTOTYPES (CAP) with newer enhancements CAP3 ([11], [12]). 

The work with abstract models is partially difficult to combine with the current 
practice of the design and development of user interfaces (see [13]). Therefore, the 
market success of a newly developed adaptive system is also highly dependent on to 
which extend the previously described requirements are being fulfilled. 
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3.1 Efficiency in the Development Process of Adaptive User Interfaces  

One important precondition for a successful adoption of new software development 
approaches is their economic viability and efficient implementation. Theoretically, all 
model based approaches for automatic software generation promise potentially great 
possible economic savings. Especially for the generation of user interface variants 
(e.g. different target devices, see [14]), automated processes can relieve the develop-
ers of considerable tasks. The user interface is only specified once in an abstract  
description that resembles the basis for automatic generation different concrete UI 
variants. Even retrospective changes on the model can be automatically mapped to the 
different generated variants [15]. 

To be able to fully benefit from the potential of these automatically generated user 
interfaces, the following two requirements are of greatest importance: 

─ Conciseness and clarity:  
The adaptive system should keep the manually crafted artefacts (models) in terms 
of extend and complexity to a minimum (see [16]). Redundancies in the resulting 
models should be avoided. 

─ Reusability:  
The generation and adaption of the user interface should be based on generic and 
reusable mechanism and components. Therefore reoccurring components do not 
have to be created for each application, but reused and referenced in the abstract 
application model. Precondition is a clear distinction between application logic 
from the adaption mechanisms of the interface. 

3.2 Short Learning Curve for Developers  

The creation of a model that describes the user interface independently from the con-
crete design of the user interface and the used input devices requires a certain ability 
to abstract on the side of the developer. This abstracted and time consuming working 
mode of model based creation of UIs doesn’t necessarily resemble today’s practice, 
even if some model based systems (like TERESA) employ a graphical editor for the 
model creation [6]. The graphical visualization of a developed user interfaces is 
nowadays often an integral part of the development process ([17], [18]). Oftentimes 
editors with WYSIWYG-functionality are being used. The learning of a new model 
language is often mentioned as one barrier for employing adaptive systems at all [13].  

3.3 Comprehensible and Controllable Development Processes 

Developers want to control and understand the automated processes to generate adap-
tive user interfaces. Myers et al. point out that it can be difficult in some cases to 
make the connection between the specification of a user interface and the final gener-
ated output [13]. One reason for the existing desire to further influence the compiled 
UI output was that until recently generated user interfaces were not able to satisfy a 
very high aesthetic level compared to manually designed, non-generated UIs [13]. 
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4 Comparison of Related Work  

There have been several research projects in the field of adaptive user interfaces. Not 
all of them had their particular focus on the support of the interface developers and 
the market impact, therefore their fulfilment of the aforementioned requirements var-
ies naturally. Table 1 contains the comparison of the related projects in regard to our 
market requirements; the following sections will briefly describe the most relevant 
characteristics for each project in this context. 

─ DAMASK. Damask serves as a pattern based modelling approach and tool. De-
signers can sketch a user interface that can be used for the UI generation on other 
devices. Accessibility issues are not addressed explicitly. Nevertheless the sys-
tem’s pattern-based approach and practical functions seem to be very beneficial in 
this context [18]. 

─ FAME. Fame, the “Model-based Framework for Adaptive Multimodal Environ-
ments”, is a model based framework for adaptive multimodal user interfaces. The 
approach is centered on a behavior matrix, where the developer specifies the sys-
tem behavior under different conditions. The defined adaptation rules limited to in-
put and output modality. Some interdependencies between adaptable components 
are not handled which can lead to a potential break of consistence [19]. 

─ GUIDE. Guide, “Gentle user interfaces for elderly people”, is a European research 
project. It tries to strengthen the accessibility of interactive TV applications. The 
user interface adaption is mainly constrained to the augmentation of the original 
user interface by offering additional input and output modalities. There is no over-
all abstract application model describing the user interface on a more general level. 
The augmentation of existing web applications is realized by annotating HTML 
code ([20], [21] and [22]). 

─ MICA. Mica, the “Mixed-Initiative Customization Assistance” is a system for the 
intelligent aid for the user to personalize complex user interface. The system is 
adapting the helping functions that are implemented within a cooperative dialogue 
with the user (mixed initiative). Nevertheless the user keeps the complete control 
over the configuration process. Relevant in this context is especially the unique 
mixed initiative approach in the user dialogue and the focus on controllability of 
the intelligent system behavior by the user ([23] and [24]). 

─ OASIS/ASK-IT. OASIS “Open architecture for Accessible Services Integration 
and Standardization”) and its predecessor ASK-IT (“Ambient Intelligence System 
of Agents for Knowledge-based and Integrated Services for Mobility Impaired Us-
ers”) both have developed and employed a modular, rule based system to adapt the 
user interface to particular user needs. OASIS developed the so called adaptive 
widget library which allows for a direct integration in developer tools. However, 
there is no adaptation of structural aspects of the interaction, i.e. higher abstrac-
tions of the interaction flow ([25], [26] and [27]). 

─ PUC and HUDDLE. PUC (“Personal Unified Controller”) is a descriptive lan-
guage that serves for the abstract definition of user interfaces. It can allow for the 
generation of different UIs for diverse devices and output modalities. HUDDLE 
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builds upon the PUC to offer automatically generated user interfaces for control-
ling a home cinema system. The approach is relevant, because it is one of the few 
validated systems employing an abstract user interface description language, and 
implemented the idea of so called smart templates, that can adapt themselves ac-
cording to the chosen target device and platform ([8], [28], [9] and [10]). 

─ PLASTIC USER INTERFACES. The basis for plastic user interfaces lays in 
ubiquituous computing and the easy integration of different user devices. There is a 
strong focus on providing conceptual and generic descriptions on many different 
aspects like the user, the social and physical environment and the technical plat-
form. However, the described adaptive mechanisms refer rather to technical device 
characteristics than of user characteristics ([29], [30], [31], [32], [33], [34], [35], 
[36], [37], [38], and [39]). 

Table 1. Assessment of relevant research projects 

Legend: ● Broad coverage, in-depth concepts ◑ Partial coverage, in-depth concepts 
 ◐ Broad coverage, simple concepts ○ Low coverage, simple concepts 
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Modular and extensible adapta-
tion mechanisms (2.1and 2.2) 

 ◑ ● ○ ◐ ◑ ● ● ◑ ● 

Public available adaption 
mechanisms and open to exter-
nal contributions (2.3) 

  ◐ ○ ◐ ◑ ◑ ◑ ◑ ◐ 

Efficient Development: reusable 
components and low effort for 
the specification with sufficient 
cardinality (3.1) 

◑ ○ ◑  ◑ ◑ ● ● ○ ● 

Low thresholds for beginners 
and low demands for develop-
ers` skills (3.2) 

● ◑ ●  ● ● ◑ ○ ○ ● 

Generation of the adaptive user 
interface understandable and 
manageable from the developers 
point of view (3.3) 

    ● ◑ ◑ ○ ◑ ● 

 

─ SUPPLE. Supple is one of the most influential adaptive systems for accessibility. 
Based on a cost function that takes into account used devices, current tasks, user 
preferences as well as motoric and perceptive limitations. However, performance 
issues limit the set of characteristics taken to account. Supple also offers the user 
possibilities to influence the output of the generated user interface ([1], [40], [41], 
and [42]). 
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─ UUI/AVANTI. Avanti is based upon the Unified User Interface (UUI) approach. It 
offers alterations of the context and user profile both during initialization phase and 
during runtime. Basis of the adaptions are design patterns that resemble solutions 
to different user and context profile data. The “Unified User Interface Design Me-
thod“ describes the process to develop an adaptive application. The model is  
focused on user characteristics, only motoric disabilities and blindness are men-
tioned. The different application states are designed to have an easily extensible 
rule base to mention other user needs ([43], [44], [45], [46], and [47]). 

─ MYUI. MyUI (Mainstreaming Accessibility through Synergistic User Modelling 
and Adaptability) integrates all aspects of adaptive user interfaces for accessibility 
in one system [12]. It includes the multimodal design patterns repository, the run-
time environment with the adaption engine enabling user interface generation and 
dynamic adaptations during run-time, the specification of an abstract user interface 
model and a development tool. MyUI mostly complies with all the described re-
quirements (see Table 1). 

5 Prosperity 4 All Approach 

Even though MyUI theoretically fulfils most of the requirements for the successful 
market adoption of adaptive user interfaces for accessibility [48], in practical, it was 
never used for developing commercial products. Besides having the focus of the  
patterns and the reference implementation on interactive TV (iTV) the main reason 
for the absence of market acceptance is probably the missing infrastructure and  
community. 

This is the starting point of Prosperity4All. MyUI and other promising approaches 
from scientific research will be refined and integrated to a multi-sided-platform,  
the Global Public Inclusive Infrastructure (GPII). International project participation, 
the involvement of industry enterprises, cross-platform development techniques  
and the open source strategy will help adaptive user interface approaches to reach a 
better market penetration [49]. GPII allows commercial product developers and ser-
vice providers as well as external technical contributors to easily access and use exist-
ing solutions, extend or adapt them in order to fit specific requirements. Additionally 
crowdsourcing can help making new ideas accessible for diverse end users. 

A more concrete plan for integrating and improving the MyUI components is  
described in the following subsections: 

5.1 User and Context Management 

The MyUI Context Manager holds a user profile based on variables expressing user 
capabilities and environmental conditions. The variables are expressed by numeric 
values an interval common to all of them. Based on collected sensor data the profile 
variables are updated in a permanent process [12]. 

The architecture of the GPII as developed by the Cloud4all project uses an  
ontology of user needs and preferences that are directly linked to user interface and 
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interaction aspects [50]. To enable the integration of MyUI concepts into the GPII 
architecture a mapping between the stored user preferences and the capabilities based 
user profile will be established. 

Special attention will be directed to MyUI runtime events triggered by sensors and 
how this information can be used to determine the need for runtime adaptations by 
refining the users set of preferences. 

5.2 Runtime Environment 

The MyUI runtime environment will be used to interpret and process information 
about user needs and environmental factors to generate and adapt accessible user 
interfaces. Therefor flexible layouts and CSS variations with the newest web technol-
ogies will be used similar to those in the “Responsive Design” approach for device 
specific adaption. If applicable, runtime environments for additional platforms will be 
implemented. Additionally the MyUI runtime environment will be extended to work 
with Assistive Technologies (AT) as plugged and configured by AsTerRICS (Assis-
tive Technology Rapid Integration & Construction Set). AsTeRICS allows the crea-
tion of flexible solutions for people with disabilities using a large set of sensors and 
actuators. Possible applications are Computer input, Environmental Control, Toys and 
Games, Brain/Neural computer interfaces, Android Phone support [51]. In addition 
the Universal Remote Console (URC) will be integrated which allows users to inte-
ract with networked devices and services in their environments in universal and natu-
ral ways, utilizing technologies like natural language interaction [52]. 

5.3 Pattern Repository 

The idea and the base of the open and extensible MyUI Pattern Repository will main-
ly be taken over. Each pattern describes a rule which is interpreted by the adaption 
engine. They have a defined structure and can be related to other patterns. There will 
be a machine-readable and a human-readable part in order to allow the contribution 
from developers and accessibility experts. To preserve platform and technology inde-
pendence the machine-readable part is written in pseudocode and needs to be trans-
ferred to the adaption engine manually. In Prosperity4All the transformation process 
will be made easier for example by providing generative stubs. Furthermore the repo-
sitory will be extended with patterns for further applications and devices. The open 
source character of the project ensures that new patterns will be available to all the 
interested developers. Additionally quality assurance issues will be addressed in order 
to guarantee the usefulness of new patterns. 

5.4 Development Toolkit 

To comply with the in section 3 described basic requirements for market acceptance a 
development toolkit is an essential component and therefor will also be part of the 
Prosperity4All approach. It supports industrial user interface developers and designers 
to quickly create abstract models of adaptive user interfaces which are needed for  
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run-time adaptations. Developers and decision-makers of software enterprises gave 
positive feedback for the MyUI toolkit in regard to efficiency, learning curve, com-
prehensibility and controllability [48]. Prosperity4All will also address the mentioned 
concerns for example regarding more complex projects. 

The URC utilizes a User Interface Socket Description to define the abstract interac-
tion possibilities. This approach will be examined for integration of translation  
possibilities with the MyUI Abstract Application Interaction Model. 

6 Conclusions and Outlook  

The basic requirements for market acceptance in section 3 as well as the prerequisite 
requirements in section 2 are described on a rather high level. From a technical point 
of view to gain acceptance in the real world software market it will be necessary to 
determine which common software engineering practices have to be supported. Based 
on the results there may be implications for the structure of the runtime infrastructure 
and components as well as for the development environment and tools. 

A more human-centered perspective brings the developer into focus. It is not  
sufficient only making developers realize that they have to implement adaptive user 
interfaces for their software products. Instead it seems necessary to provide an envi-
ronment where they actually want to do so. One major key may be the user expe-
rience of developers working with the components and tools needed. 

From the commercial point of view the goal is not to provide special solutions for a 
distinct market for accessibility solutions but to demonstrate and communicate the 
potential of adaptive user interfaces for one mainstream market including all users 
regardless of any kind of temporary or permanent special needs. 
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