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ABSTRACT 
The main goal of this work is to provide a cooperative IT 
services-based support for projects where heterogeneous 
actors teams from different organizations have to collabo-
rate in order to realize a set of activities. This kind of 
“highly collaborative” environment exists in the construc-
tion sector, e.g. during building construction stage, and 
requires some flexibility and efficiency regarding work 
method and supporting tools. The research applies model-
driven architecture to interface generation and takes into 
account people’s profile in order to customize generated 
interfaces and to improve their ergonomics. A case study 
is also presented in the visualization services design. 
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INTRODUCTION 
In the framework of highly-collaborative environments, 
such as construction projects involving numerous practi-
tioners, there is a clear need for interface plasticity. Plas-
ticity is the capacity of interactive systems to adapt to the 
context of use while preserving the usability of the system 
[10]. Since the considered context is dynamic, the user in-
terface should be able to adapt itself accordingly. An im-
portant issue of plasticity is the application of the con-
cepts of Model Driven Engineering (MDE) to the user in-
terface generation process. With MDE applied to plastici-
ty, it should be possible to model the different models 
representing the application and its context in order to 
generate an efficient user interface. 

So as to better understand this kind of process, the first 
priority is to identify the main characteristics of highly 
collaborative environments, then see how we can adapt an 
interface to the profile of a user, and to his context; the 
link between our models and the Service Oriented Archi-
tecture (SOA); the main languages for MDA-oriented us-
er interface generation; and finally the main usability 
techniques that can be used in our context in order to cer-
tify the quality level of the generated interfaces. 

In Architecture, Engineering and Construction (AEC) in-
dustry, our case study sector, each construction project 

requires well-adapted software-based services and user 
interfaces to improve the efficiency of business collabora-
tions as well as the quality of end-user experience. In 
such collaborative environments each user is involved in 
a wide network where he plays a role, characterized by 
his position in the activity organization, his skills and 
competencies, his contractual relationship to the other 
parties. Therefore the services and Human-Computer In-
terfaces (HCIs) offered to him have to be well adapted to 
these characteristics of use. 

ERGONOMIC USER INTERFACE ADAPTATION 

Personalizing User Interfaces 
Nowadays, Human-Computer Interactions are part of our 
everyday life, from computers to mobile phones, and in 
the near future, they will be practically in every artifact. 
There is a proliferation of devices, acting in more and 
more different contexts and interacting with more and 
more users, thanks to the ever-going technical break-
throughs. This propagation of electronic devices tends to 
complicate interaction paradigms, that leads to loose the 
users’ attention.  

In order to make the user focus on his task among a set of 
devices, new interaction paradigms came as a response, 
such as the “pervasive computing” (a.k.a. “ubiquitous 
computing” abbreviated “ubicomp”). Introduced for the 
first time by Weiser [35], this interaction paradigm de-
scribes seamless interactions between the user and his 
surrounding electronic devices to an extent that the devic-
es’ presence is omitted by the user. While “pervasive” 
and “ubiquitous” literally means “manifesting throughout 
everything”, by speaking of pervasiveness or ubiquity, 
Weiser is also referring to the seamless aspect of interac-
tions.  

Context-Awareness 
A way to achieve pervasive interactions is to tailor sys-
tems that are sensitive to the interaction’s context. The 
system then reacts accordingly and proposes services 
adapted to the user’s task in a transparent manner. So 
called systems are known as “context-aware” systems and 
were firstly mentioned by Schilit and Theimer [31] while 
the authorship of the first application of such systems is 
commonly accorded to Want, Hopper, Falcao and Gib-
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bons [34], even though their application is limited to a lo-
cation-awareness. Context-aware systems rely on the cap-
ture of contextual information (e.g. user’s location and 
surroundings, time of the day, etc.) and on the system re-
actions depending on these information to better fit the 
user’s needs or enhance its effectiveness. Working with 
contexts enables to gather richer information that will un-
lock new processing possibilities without (or with less) 
user intervention. 

Despite Schilit and Theimer [31] described a context-
aware application as being able to “adapt itself according 
to its location of use, the collection of nearby people and 
objects, as well as changes to those objects over time”, re-
searches were mainly focusing on location as the only 
relevant contextual element [1] [7]. Besides location-
aware application, most researches were domain specific, 
limiting the usage of contextual information. It is only by 
the years 2000 that appeared more elaborated definitions 
of what context-awareness is. Schmidt, Beigl and Geller-
sen [32] are among the first to have pointed out the limi-
tation of location-aware system. Dey’s definition [11] is 
the one that united the domain’s actors and is stated as 
follow: 

“A system is context-aware if it uses context to provide 
relevant information and/or services to the user, where 
relevancy depends on the user’s task.” 

Such systems are characterized by the acquisition of con-
textual data (or sensing), the processing of these data and 
the applicative reaction to the result of the processing, 
considering the reaction to be relevant to the user’s task 
[2]. 

According to Bolchini, Curino, Quintarelli, Schreiber and 
Tanca [5] or Hong, Suh and Kim [17], one of the com-
mon usages of context awareness is the adaptation of user 
interfaces, i.e. to present interfaces that are well suited to 
the user’s task in his current context in order to enhance 
usability (e.g. a context-aware mobile phone could pre-
sent only productivity features to the user if it identifies 
the user’s location as being “at work” or reject any in-
coming call if the user is attending a meeting). 

User Interface Adaptation 
Interfaces adaptability is not a new subject. During the 
last years, a lot of studies have been carried out on the 
subject, but they was mostly oriented on Adaptive Hy-
permedia Systems (AHS). Brusilovsky works [6] focused 
on what can be adapted (content and navigation) and on 
adaptation methods and techniques. Since, these works 
have evolved and multiplied (especially applied to web 
sites). Besides the generic context, interface adaptation 
can be executed at different levels, namely at the user and 
device ones. 

Interface adaptation according to the device 
This kind of adaptation can be considered as one of the 
simplest but can be tricky since the interaction paradigms 

and modes often vary from one device platform to anoth-
er. 
For example, numerous interfaces have to be specifically 
redesigned to take into account touch interactions on the 
new batch of touch devices, since they are not completely 
compatible with mouse driven inputs (mouseover events 
are for example unavailable on touch devices). On the 
Web, several languages and technologies enable us to 
adapt user interfaces to the device or user-agent. CC/PP10 
profiles contain some detailed descriptions of the charac-
teristics of a device such as screen size, input devices, etc. 
These profiles can be manipulated at the web interface 
behavior layer (i.e. JavaScript) through the use of DCCI11 
interfaces. Another opportunity for graphical adaptation 
will be based on style layer, using CSS312 module “media 
queries”13; which will allow adapting layout and presenta-
tion to the technical characteristics of the device. 
Interface adaptation according to the user profile 
One important source of interface adaptation perspectives 
consists in the study and modeling of the user profiles. It 
includes his identity information, his preferences and in-
terests as well as his capacities. The user profile can also 
be useful to define user disability, as an example a visual 
interface will be adapted into an audio interface for a 
blind; or some set of colors will be never used for a color-
blind. Adaptation work will focus on the different interac-
tion channels now available on mobile devices (e.g. entry: 
keyboard or tactile screen, vocal command, body move-
ments). 

Adaptation to user profile implies modeling the user and 
profiling it, explicitly by asking for his personal data or 
preferences, or implicitly. As it relies on an analysis of 
the user behavior, implicit profiling is more efficient in 
the sense it is not biased by the inherent uncertainties of 
human assumptions.  

Usability 
User-centered design and quality of generated HCI 
Usability oriented development processes offer a consid-
erable advantage to both user’s accessibility and from a 
strictly economic perspective. Many authors have men-
tioned this in their publications [27]. Although this ap-
proach is frequently used in the marketing domain, many 

                                                           
10CC/PP, Composite Capabilities/Preference Profiles: Structure 

and Vocabularies 1.0, W3C Recommendation, 15 Jan. 2004, 
available on the website: http://www.w3.org/TR/2004/REC-
CCPP-struct-vocab-20040115/ 

11DCCI, Delivery Context: Client Interfaces 1.0 – Accessing 
Static and Dynamic Delivery Context Properties, W3C Candi-
date Recommendation, 21 Dec. 2007, available on the web-
site: http://www.w3.org/TR/DPF/  

12CSS3, Introduction to CSS3, available on the website: 
http://www.w3.org/TR/css3-roadmap/  

13Media Queries, avaimable on the website: 
http://www.w3.org/TR/css3-mediaqueries/ 
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companies still rely on development processes that have 
not been adapted to a true user-centered approach. Some 
studies even focused on a metric approach to the “usabil-
ity gain” and found cost / benefit ratios oscillating be-
tween 1:10 and 1:100 [13]. 

The ISO 13407 norm [18] (“Human-centered design pro-
cesses for interactive systems”) presents an approach to 
interactive system development that focuses specifically 
on making systems usable. It underlines that the applica-
tion of human factors and ergonomics to interactive sys-
tems design enhances effectiveness and efficiency, im-
proves human working conditions, and counteracts possi-
ble adverse of use on human health, safety and perfor-
mance. Then applying usability to the design of systems 
involves taking account of human capabilities, skills, 
limitations and needs. 

However as a majority of development-oriented compa-
nies seem to remain reluctant to adopt real user-centered 
development processes and as development time frames 
tend to get continuously tighter, it is increasingly more 
important to analyze the degree to which a user-centered 
approach could be directly integrated into automated de-
velopment cycles. This perspective seems particularly at-
tractive because it can potentially contribute to conciliat-
ing the time constraints in development and the user re-
quirements.  

Usability criteria 
Both the conceptual and methodological issues to deal 
with relate to the “usability criteria”. The criteria are the 
indicators the usability models are built on; they are used 
in an operational context to evaluate to what extent the 
development or the finished IT product is in line with us-
ability requirements. In fact, as shown in our earlier re-
search works [20] the literature offers an important varie-
ty of conceptual frameworks around the concept of usa-
bility. As a result, the usability criteria appear to be very 
numerous, diverse and the models seldom agree on the 
proposed criteria. Differences are frequent and pertain to: 
 the number of criteria per model; 
 the “abstraction level” of the criteria; 
 the ability to operationalize the criteria; 
 the inter-criteria orthogonality. 

In addition to a very large inter-model diversity, we also 
showed [20] that the conceptual frameworks in the usabil-
ity domain suffer from an additional issue: some authors 
define their models as pertaining only to development sit-
uations; other authors would like their model to be ap-
plied only to usability evaluations; while a third category 
do not take into account this potential difference but nev-
ertheless don’t fit both situations. As a result, the over-
arching conceptual framework lacks consensus and there 
seem to be no models that deal with all these require-
ments. 

To finish, note that the involvement of users in the devel-
opment process provides a valuable source of knowledge 

about the context of use, the tasks, and how users are like-
ly to work with the future system [18]. This contributes to 
the development and understanding of the models for pro-
filing and personalization described above. 

CASE STUDY: VISUALIZATION SERVICES DESIGN 
FOR HIGHLY COLLABORATIVE ENVIRONMENTS 
Highly collaborative business environments are character-
istic of numerous business fields and projects. If collabo-
ration exists inside firms and enterprises, we consider it 
particularly challenging when collaborative projects in-
volve several firms, for short durations, in unpredictable 
contexts. In such organizations, business services as well 
as User Interfaces (i.e. visualization services) face the 
challenge of rapidly adapting to dynamic business envi-
ronments. 

Business actors’ requirements in highly collaborative 
environments 
The concept of adaptation of User Interfaces has also to 
take into account the adaptation to the requirements of 
business actors regarding visualization, also called usag-
es. That is the aim of the case study presented here. 

The usage-centered engineering has been introduced by 
Constantine and Lookwood [8] to develop software and 
HCIs that support all the tasks that users have to accom-
plish. This method suggests a systematic process using 
abstract models to guide user-interface designers. The us-
age-centered design is proposed as an alternative to user-
centered design, which relies on three main techniques: 
user studies (to identify the users’ need), rapid prototyp-
ing (to get user feedback), and usability testing (to identi-
fy usability problems [9]). The difference between usage-
centered design and user-centered design [9] is that the 
focus is not users but usage, i.e. the tasks intended by us-
ers and how these are accomplished. 

By extension, we consider this approach really powerful 
to express the requirements based on the real business 
tasks of actors in a particular targeted domain. In collabo-
rative environments, these business tasks are often closed 
to the role of actors in an organization, but also to the 
business services (i.e. IT or non-IT services) supporting a 
project’s collaboration. Role-specific usages in Architec-
ture, Engineering and Construction (A.E.C.) projects have 
been defined in previous works [23] and served as inputs 
for visualization interfaces design. 

The A.E.C. Collaborative Context 
The Architecture, Engineering and Construction sector 
(A.E.C.) is characteristic of such highly collaborative en-
vironments. Construction projects involve numerous 
practitioners, for short durations (project duration), in 
various contractual contexts (private projects, public-
private partnerships etc.). Business practitioners (e.g. 
public owners, engineers and architects, contractors…) 
work together and carry out their own methods and mod-
els. Therefore in such environments groupware services 
and the associated User Interfaces have to fit the specific 
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requirements related to 1) the collaborative situation, and 
2) the specialized roles involved. Especially we consider 
as particularly challenging the adaptation of User Inter-
faces to the particular requirements of the various roles 
using it. 

Modeling Collaboration activities and support services 
A model-based approach has been used in parallel works 
in order to: 
 
 Represent collaborative situations (i.e. building pro-

jects). A metamodel of collaborative activities has 
been designed [22], and enables instantiating specific 
models of construction projects; 

 Describe services, and especially the ones supporting 
collaboration (groupware services). A metamodel of 
service is currently under design and aims at repre-
senting services through different viewpoints (Busi-
ness, service solution and technical views). 

Adaptable Visualization Services 
Visualization services implemented in Human-Computer 
Interfaces of business services have to fit usage of actors 
who have specific practices according to their role in a 
collaborative activity. Usages differ from traditional user 
profiles in context-aware computing by increasing their 
acceptance with: 
 
 Organizational and operational roles of a project’s 

actor in a particular cooperative situation; 
 Particular requirements generated by the available 

business services in the collective project. 

Therefore User Interfaces could be designed according to 
the usages. They can be identified as “Adaptable Visuali-
zation Services” which could be chosen, integrated and 
used by the actors to perform their activity inside a highly 
collaborative project [23]. Moreover the approach of 
AVS has been introduced previously by Dymácek, Hoco-
vá and Kintr [14] and aimed at developing visualization 
services able to be re-used in various contexts, and with 
different data types. 

Design approach 
In such environments the “mapping” between 1) usage, 2) 
domain characteristics and 3) Business Service attributes 
on the one side, and 4) Visualization Service attributes on 
the other side is essential. The value of an AVS proposi-
tion highly relies on its alignment to the user require-
ments (i.e. the usage). Therefore, focusing on AVS de-
sign, the main challenge is to map the concepts of usages 
to the ones of Adaptable Visualization Services such as 
shown in Figure 1. 

 
Figure 1. Mapping between usage and AVS attributes. 

Case study:  AVS design 
The case studied here consists of a first experiment aim-
ing at designing an AVS’s platform on the basis of usages 
that we identified with practitioners. This research work 
helped us to consolidate a design process and led to the 
development of four AVS integrated in a prototype plat-
form [37]. 

Usages related to the role of “architect” have been identi-
fied. The approach was based on existing practices related 
to document management in construction projects. We 
distinguished between two types of usages: the ones re-
lated to the understanding of the state of the cooperative 
context (i.e. awareness usages) and the others related to 
the specific actions the role has to perform (i.e. action us-
ages). These usages have then been described according 
to a defined metamodel. A first set of 37 architect-specific 
usages has been identified. In a second stage we have set-
up an experiment protocol in order to validate their use-
fulness with practitioners. Interviews have been carried 
out aiming at verifying qualitative aspects of usages (are 
they really useful) and quantitative aspects (among the 37 
usages, what are the preferred ones?). 

Once some visualization techniques were described, we 
tried to find a logical manner to associate them with usag-
es. Attributes of usages were compared to attributes of 
visualization services. Two usages have been selected, 
and for each one, two visualization services have been se-
lected. 

Two usages have been chosen and four related AVS have 
been implemented in a prototype platform called E.V.A. 
(Experimental Visualization Application). Figure 2 shows 
the E.V.A. interface. A basic selection of a usage and a 
particular visualization enable the user to test it. 

 
Figure 2. E.V.A. user interface. 
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The final part of this AVS design example is related to 
the validation of the proposition. As usages were previ-
ously validated with practitioners (see above) we had a 
first assessment of their utility. A second experiment 
stage led us to test the AVS, once implemented, with us-
ers. The process relied on testing tasks performed by us-
ers and a final questionnaire/discussion to gather qualita-
tive feedback. 

TOWARDS A GENERATION METHOD 
This case study of AVS design in highly collaborative 
environment (here the A.E.C. industry projects) shows 
the importance of aligning User Interfaces to the require-
ments of users in a specific context (comprising both a 
targeted domain and possibly existing business services). 
Beyond AVS design based on usages modeling, one can 
recognize the importance of User Interface (UI) personal-
ization. The following parts describe a proposal for a ge-
neric method enabling the generation of personalized UI 
and based on models. 

A generic method: the Genius method 
The method proposed here is based on an iterative pro-
cess made from 4 successive major steps. This iterative 
process is inspired from classical methods such as “User-
centered design” [18] and agile project management, 
since the involvement of the users is a key concept. The 
software framework aims at streamlining the collabora-
tion between users and developers and automate the feed-
back channel. 

The first step is related to the modeling of the business 
domain in which we wish to support collaboration 
through services and HCIs. By "business domain" we 
mean any relation to the tasks of the operator and the con-
text in which these tasks occur. Thus, four main elements 
are considered: 
 The project (tasks, goals, duration, planning...) [11] 

and the aspects related to the characterization of col-
lective work [26] [28]. This first element is named 
the "collaboration model". It is close to the meta-
model of collaborative activities presented in the case 
study; 

 The organization, as a complex social construction, 
which has an impact on the IT services and HCIs. 
This element is named the "organizational model"; 

 The services designed for the domain. In this point 
we consider more precisely the e-services specifically 
composed to answer to the requirements of a specific 
collaborative situation (e.g. a construction project). 
The related model is called the "service model" (cf. 
case study); 

 The user profile [2] [30] described in a "user profile 
model". 

The second step consists in automatically generating a 
Human-Computer Interface based on the modeling of the 
various issues identified during the step 1. The method 
consists in modeling and implementing the transfor-

mations between models necessary to perform. The result 
of this stage is characterized by an adaptive interface [9]. 

In our approach this step is enhanced through ergonomic 
criteria [3] [19] from which the interface is generated. 
This is one of the fundamental points of this research pro-
ject. Indeed, this step involves the automatic generation of 
user interface complying with ergonomic heuristics that 
can be referenced in the literature. Note also that we con-
sider the ergonomics of human-machine interfaces such 
as the association of various factors like aesthetics [16] 
[33], acceptance [36], usability [24], perceived useful-
ness, and so on. This step thus gives a first set of inputs to 
the question whether heuristic criteria can easily be 
adapted in order to guarantee an improved level of usabil-
ity. It will give us a better understanding of what could be 
the best way to operationalize these criteria. 

The third step of our method allows multiple users to use 
and test the generated user interfaces. This is an important 
step in our research because it collects data from a field 
study. In our case, the field study will be the Architecture, 
Engineering and Construction sector, as previous UI de-
sign process are available (see case study). However the 
method could be applied to many other cases character-
ized by highly collaborative activities. The generated ap-
plication should preferably be used in “real world” condi-
tions in order not to disturb the UI assessment and to fos-
ter adoption. 

Finally, the fourth stage of our method is consists in a 
feedback that improves the understanding of models de-
veloped in step 1. These feedbacks will enable collecting 
information on the use of the interface created previously. 
They will provide valuable information useful in design-
ing future generations, adding to their plasticity. The key 
part of this stage will be the interpretation of these feed-
backs and the mapping of the underlying concepts to the 
four main models of our framework. Our method is sum-
marized in Figure 3. 

 
Figure 3. The Genius method. 
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Integrating UsiXML in the Genius method 
As previously described, to improve the usability of auto-
generated UIs, the Genius method considers ergonomic 
criteria (based on heuristics that can be referenced in the 
literature) within the model-driven user interface design. 
Moreover, it defines an iterative approach wherein the 
first step is focused on the modeling of business domain 
that impact the automatic generation of UIs. This business 
domain considers four main elements: the project, the or-
ganization, the collective work and the user profile. A 
part of the modeling of these elements can take advantage 
of innovative previous works such as UsiXML [37] [38]. 

UsiXML14 is a XML-based mark-up language that de-
scribes a UI for multiple contexts of use such as charac-
ter, graphical, auditory or multimodal interfaces. Current-
ly UsiXML only supports interaction device independ-
ence, computing platform independence and interaction 
modality independence15. One main goal of user interface 
description languages as UsiXML, is to handle the com-
plexity, the heterogeneity of final platforms and the dif-
ferent contexts of use. To achieve this, UsiXML provides 
a high level of abstraction to design UIs, by using a set of 
models involved in the UI conception. These models are 
used to provide UI designers with a way, models and 
tools to design interfaces in order to auto generate the fi-
nal UI according to the MDE approach [15] [39]. This 
method aims at separating the design tasks from the de-
velopment ones. A relationship between the required 
models in the Genius method and the available models 
defined in UsiXML can be established. The Domain 
Model, Task Model, Context Model, Resource Model, 
Abstract UI Model and Concrete UI Model are identified 
as potential interesting models to enrich the modeling of 
business domain defined into Genius. The links between 
each of these models is handled by classic MDE trans-
formations (e.g. Mapping and Transformation model de-
fined in UsiXML). During the modeling of software and 
the transformation of models, the Genius method aims at 
identifying how to detect the potential ergonomic issues 
to improve the usability of final generated UI. 

The scope of UsiXML models is wide but does not con-
sider all aspect of a user interface. In order to help UI de-
signers to reach a better usability level, the Genius project 
attempts to identify where and how the modeling of ergo-
nomic heuristics and the validation process can take place 
into the MDE approach. Many UsiXML related works [4] 
already propose different approaches which can contrib-
ute to improve the integration of ergonomics criterion in 
the Genius method. This is particularly innovative be-
cause many studies show the difficulty of systematizing 
the ergonomic design of interfaces. Moreover, the Genius 
project considers the UI design within an iterative ap-

                                                           
14 www.usixml.org 
15 UsiXML Specification v1.8 

proach, including user’s feedbacks in the final step of it-
eration. The aim is to provide a basis for statistical analy-
sis related to a number of performance indicators to be 
identified, and next enhance or adapt the initial modeling 
of software according to the feedbacks of users and the 
ergonomic recommendations.  

The outcome of the next version of UsiXML will enhance 
the modeling language through the addition of versatile 
context-driven capabilities based on µ7 concept16. Anoth-
er high priority in the Genius project is to identify the 
main characteristics of highly collaborative environments, 
and see how we can adapt the interfaces to the profile of a 
user and to his context. So as to better understand this 
kind of process, by initially considering a large set of con-
texts, we can extend the research area to determine more 
characteristics involved in highly collaborative environ-
ments. 

CONCLUSION 
We presented here the current state of our work on the 
model-driven generation of ergonomic user interfaces, 
based on a case study about visualizations services de-
sign. We plan to generate usable and context aware user 
interfaces and refine them through an iterative and semi-
automatic process. This type of process could be of inter-
est for the AEC collaborative context, in which it is nec-
essary to design visualization services adapted to their us-
ers and to the specificities of each collaborative situation. 
Our approach is based on model-driven engineering, and 
we make an extensive use of several models such as pro-
ject (or domain) model, organizational model, user profile 
model and collaborative work model. All these models 
have to be productive and lead us to UI models that will 
be implemented through UsiXML as the most versatile 
language for context-aware and model-driven UI design. 
The usability question will mainly be addressed through 
two ways: a priori we will constrain our model to the val-
idation of ergonomic criteria formalized as rules, and a 
posteriori with the study of user behaviors and the adapta-
tion of our models. 

Our main objective is now to refine our method and met-
amodels and to build tools assisting the work of UI de-
signers and business experts in the design of the solution. 
Then we plan to experiment our main assumptions in real 
cases of UI design for the AEC sector. 
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