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Abstract. Self-service systems are complex technical systems and provide 
products and services for the end user. Due to heterogeneity of the users of such 
systems the usability of the user interfaces is of great importance. The user 
interfaces have to be adapted or adapt itself to the various skills and preferences 
of the users. Due to the monolithic system architecture of existing self-service 
systems, a simple and flexible usage of the user interface is often restricted. The 
development of adaptive user interfaces involves challenges for developers that 
are addressed partially by frameworks like the CAMELEON Reference 
Framework (CRF). However, no concrete approaches to support the 
development of flexible and adaptive user interfaces for distributed self-service 
systems exist in industry. In this paper we describe an integrated model-based 
approach for the development of adaptive user interfaces. 
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1 Motivation 

User interface development (UID) is an important aspect in today’s system 
development industry; as the result – the user interface (UI) – represents the way the 
users perceive the system. They focus on the usability of a system and are satisfied if 
the system meets their expectations and needs as well as it is suitable for their tasks. 
However, the establishment of usability activities and human-centered design (HCD) 
as part of the development process still remains to be a challenge although various 
approaches have been worked out to integrate these aspects in the software 
development [1], [2], [3].  

In this paper we concentrate on self-service systems. Currently, existing systems 
support services in the fields of entertainment, information, finance and banking, 
travelling or postal services. The focus in the development of such systems lies on the 
functionality and security. However, self-service systems are complex technical 
systems that provide products and services for the end users. Compared to the use of a 
computer during every day work, the time of using such a system is typically really 
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short, often only a few minutes. Due to heterogeneity of the users of such systems the 
usability of the user interfaces is of great importance. The user interfaces have to be 
either adaptable or even self-adaptive to the various skills and preferences of the 
users. Due to the monolithic system architecture of existing self-service systems, 
simple and flexible usage of the user interface is often restricted. The development of 
adaptive user interfaces involves challenges for developers that are addressed partially 
by frameworks like the CAMELEON Reference Framework (CRF) [4]. However, 
concrete solutions for supporting the development of flexible and adaptive user 
interfaces for distributed self-service systems do not exist in industry. In this paper we 
describe an integrated model-based approach for the development of adaptive user 
interfaces. 

The paper is structured as following: First, the authors present some necessary 
background information and related work in the areas of self-adaptation and model-
based development. Thereafter, the authors describe an example scenario, which 
shows the main challenges for developing flexible user interfaces for distributed self-
service systems. Based on this example scenario a methodology concerning the 
model-based approach on developing adaptive user interfaces is described. In the end, 
the authors conclude with a summary and a critical reflection. 

2 Background 

Focusing on the topic of model-based user interface development of adaptive self-
service systems multiple topics have to be taken into account: The possibilities and 
different levels of adapting a system and frameworks for addressing the part of 
model-based development including aspects of adaptation. 

2.1 Adaptation 

Developing software with a user interface is getting more and more interactive and 
complex. Some years ago, domain specialists built their own software to use the 
computer as a tool to do some sort of calculations. Today, computer experts build 
software for domain specialists supporting them to do their tasks more effective and 
with greater efficiency. Therefore, the computer experts have to gain lots of domain 
knowledge to create an adequate user interface. Having self-service systems in mind, 
the time the users spend on the system is rather short. Therefore, the interface must be 
very simple which is in some cases restricted due to the amount of information, 
existing necessary processes or the heterogeneity of the users (e.g. young people, 
older people, people with special needs). An alternative exists in creating user 
interfaces with a certain level of adaptation. Thereby, we would like to distinguish 
between and define three levels of adaptation, which differs in the way of who is 
initiating the process of adaptation – the user or the system: 

• Adaptable UIs (manual adaptation). The user is able to customize respectively 
individualize the user interface (e.g. arranging information fields in a dashboard 
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(layout adaptation), creating shortcuts for often used tasks or views (navigation 
adaptation)).  

• Adaptive UIs (semi-automatic adaptation). Due to some sort of authentication, the 
system is able to recognize the user and support him with suggestions (e.g. 
Amazon’s recommendation system about potential products of interest (content 
adaptation)). It would also be possible that the systems notice if the user has some 
difficulties in achieving his goal. Therefore, the system would be able to support 
the user with suggestions concerning alternative workflows. All the time, the user 
is able to decide whether or not to accept a suggestion of the system.  

• Self-adaptive UIs (automatic adaptation).  Self-adaptive UIs are based on systems 
with its own ‘intelligence’. These systems are equipped with some kind of sensors. 
Due to a knowledge base or even a learning mechanism a system is able to analyze 
the kind or the behavior of a user in front of it. Thus, it automatically changes some 
parts or even the whole UI (e.g. adjusting the physical height of a display 
depending of the size of the user (hardware adaptation), switching to audio 
guidance for blind people (input/output adaptation), reacting to the emotional 
status of the user by placing the coupon input at the end of a task (business process 
adaptation), rearranging the navigation according to the cultural heritage (context 
adaptation), supporting user with interaction problems (workflow adaptation)). 

Working in the field of self-adaptive systems, some new research questions arise 
which have to be discussed. In the past, software ergonomics addressed the topics of 
reducing the cognitive learning effort of a user. In addition, heuristics like ‘user 
control and freedom’ have been defined. Due to the fact that self-adaptive systems are 
trying to automatically react on context parameters, it has to be ensured that the 
systems always react in the same way. Having a new different adaptation of the 
workflow or layout of the UI every time the user uses a self-service system, he will be 
confused or even unsatisfied. Furthermore, the lost of control will also end up in the 
same way.  

Trying to address such issues, it is necessary to have a software development 
methodology that also supports usability activities and concepts. Therefore, this paper 
focuses on model-based UI development. 

2.2 Model-Based Development 

Model-based development methods have been discussed in the past for various 
individual aspects of a software system and for different application domains. This 
applies to the development of the data management layer, the technical functionality 
or for the development of a user interface [5].  

The CAMELEON Reference Framework (CRF) [4] provides a unified framework 
for model-based and model-driven development of user interfaces. There are already 
different kinds of work such as [6] or [7] which propose a model-based development 
of user interfaces. These approaches mainly focus on model-based development and 
their technological implementation. However, aspects of self-adaptive software 
systems for increasing the flexibility of user interfaces for heterogeneous user groups 
are not sufficiently integrated with the model-based development process. 
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Existing architectural concepts for self-adaptive systems such as the MAPE-K by 
Kephart and Chess [8] and the 3-layer reference architecture of Kramer and Magee 
[9] describe the logical concepts for the implementation of adaptive software. Based 
on the MAPE-K approach existing frameworks like Rainbow by Garlan et al. [10] or 
StarMX by Asadollahi et al. [11] provide a more refined architecture for 
implementing self-adaptive systems. Geihs et al. develop a framework for the 
development of self-adaptive and reconfigurable software based on the distributed 
software architecture of the EU project MUSIC [12]. The focus is in particular on the 
creation of adaptive mobile applications that offer location-based services to the user. 

In our approach for model-based user interface development for adaptive self-
service systems, we follow a development methodology that integrates several aspects 
of a software system, such as functionality, the user interface as well as adaptation. 
Model-based approaches in the field of self-adaptive systems have to be combined 
with ideas from the field of model-based development of user interfaces. For this, 
however, different challenges and issues have to be considered, which can be derived 
from the following example scenario from the area of ticket sales.  

3 Example Scenario 

If we think of a scenario (see Figure 1) with a distributed, networked multi-channel 
system, in which the ticket purchase is carried out by the use of different channels, we 
can see that different interaction interfaces are available. In this scenario the ticket 
purchase is first prepared on a home PC entering the reservation dates (date or time 
for round-trip). In transit the user is available to book additional services (luggage 
service, seat reservation, hotel reservation at destination) via smartphone. Finally, the 
printing of the ticket from the ticket machine is done. 
 

 

Fig. 1. Example scenario 

In existing self-service systems integration of additional channels (Smartphone, 
Tablet, etc.) with new interaction modalities to interact with a self-service system is 
often not sufficiently supported. Therefore it is necessary to develop flexible and easy 
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to use user interfaces to improve the monolithic architecture towards a multi-channel 
system offering  

• distributed business and interaction processes enabling different interaction 
modalities (e.g. graphics, speech, gestures), 

• multi-platform capability for integration and usage of heterogeneous devices,     
• adaptation of system functionality and user interfaces. 

Based on the described example scenario, one can find summarized that there is a 
need for an integrated model-based development approach in the area of self-service 
systems. This should include different aspects of a software system, such as 
functionality, the user interface as well as adaptation and provide a suitable 
development process for industry. 

4 Method and Result 

In cooperation with an industrial partner we develop a new methodology for the 
model-based development of user interfaces for distributed self-service systems. To 
meet the above described requirements, we are pursuing in our methodology a model-
based development approach based on the CAMELEON Reference Framework 
(CRF). The CRF is an established reference architecture for model-based 
development of user interfaces which emerged as part of the European CAMELEON 
project (Context Aware Modelling for Enabling and Leveraging Effective interaction) 
[4]. Essentially, this framework consists of four different layers (see Figure 2). 

 

Fig. 2. CAMELEON Reference Framework [4]  
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The top layer Task & Concepts includes a task model that is used for the 
hierarchical description of the activities and actions of individual users of the user 
interface. The abstract user interface (AUI) is described in the form of a dialogue 
model that specifies the user's interactions with the user interface without regard to a 
specific technology. The actual display of the user interface is performed by the 
concrete user interface (CUI), which is represented by a presentation model. The 
lowest layer of the framework is the final user interface that is eventually generated 
for the target platform of a particular terminal. The vertical dimension describes the 
path from abstract to concrete models. Here, a top-down approach is followed, in 
which the abstract descriptions of relevant information about the user interface are 
enriched to more sophisticated models through model-to-model transformations 
(M2M). Subsequently, the refined models are interpreted or transformed (model-to-
code transformation, M2C) to produce the final user interface (FUI). On the 
horizontal level, the possibility of adapting the model is shown depending on the 
current context.  

For supporting the analysis and design phase in the development of distributed, 
adaptive user-interfaces we have designed a target architecture which pays special 
attention to aspects of adaptation and integrates them into the model-based 
development process for user interfaces. Figure 3 shows the target architecture of our 
solution based on the CAMELEON approach. At the level of conceptual modeling 
(Computation Independent Model, CIM) a task model and a user model (representing 
different user groups or individuals) are created as input for the creation of an abstract 
model of the user interface at the level of platform-independent modeling (Platform 
Independent Model-PIM). 

 

 

Fig. 3. Target Architecture 

Another conceptual model describes the context of use in the form of contextual 
factors, such as the localization of the user (context model). This model is used 
together with a platform model to implement the model-to-model transformation from 
the abstract user interface model (Abstract UI-model) into the concrete user interface 
model (Concrete UI-model) at the level of platform-specific modelling (Platform-
Specific Model, PSM). This translation step should be supported by the use of 
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appropriate tools. The concrete user interface model consists of a set of coupled 
partial models for the respective platforms. With the aid of specific generators and 
interpreters required for a concrete platform, a suitable user interface is then generated 
from the respective sub-model, which can then be run on this platform. For increasing 
the usability of the final user interfaces different HCI Patterns or guidelines can be 
integrated in the generation step.   

This model-driven development approach will also support the dynamic adaptation 
of the user interface at runtime. For this purpose, an adaptation model is created in 
addition to a monitoring concept that describes the adaptation of the user interface (as 
well as the functionality coupled thereto). From the resulting adaptation models the 
adaptation manager is derived. This is a software component that observes the 
adaptable software and controls the adaptation according to the adaptation model. It is 
contemplated to supplement the Adaptation Manager by dedicated sub-components or 
Adaptation Agents. The latter interoperate on the respective platform instances and 
are responsible for the adaptation of the user interfaces and their coupled 
functionality. Looking at the example scenario from the previous section (see Figure 
1), there are different adaptation components for each device. For example, in the 
transition from channel 1 to channel 2 the adaptation component of the smartphone 
should ensure in cooperation with the adaptation manager that functionality and 
presentation of specific characteristics and requirements of smartphones are adjusted 
so that irrelevant or inappropriate information from the web interface (additional 
offers advertisements, logos etc., which take up much space) are hidden.  

To achieve the objectives described in the example scenario, we first examined 
today's self-service systems in terms of their user interfaces and architectures. Based 
on the results of the requirements analysis, a model based development approach is 
designed to support the development of distributed user interfaces of modern self-
service systems in an efficient and reliable manner. Future work will include the 
development of a modeling language to support the modeling of distributed and 
adaptive user interfaces in the area of self-service systems. To support the model-
based development process, software tools are needed to effectively implement the 
development tasks. In addition to an editor for creating and editing models in the 
specified modeling language, tools for creating an executable user interface from the 
concrete user interface models are needed. The developed solution - model-based 
development process, architecture and operation/interaction concept, modeling 
language and tool chain - is finally realized and evaluated using an example scenario 
like in Figure 1 in the form of a demonstrator. 

5 Conclusion  

This paper presents a concept for the efficient development of adaptive user interfaces 
for self-service systems in a distributed multi-platform environment. In this paper we 
have referred to an example scenario from practice, from which requirements for the 
development of adaptive interactive self-service systems were derived. Based on the 
requirements a model-based approach for the implementation of adaptive flexible user 
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interfaces was presented for interactive self-service systems. For this purpose we 
extended the CAMELEON reference framework to the aspect of adaptation. For the 
planning of the technical implementation, we are currently in the process - on the 
basis of the performed analysis of relevant use cases and common architectures and 
interfaces in the area of self-service systems - to develop appropriate adaptation 
models that can be integrated into the model-based development of user interfaces. 
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