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ABSTRACT 
This article describes an approach to model user views in 
service-oriented groupware systems in order to support 
the adaptation of views in collaborative projects envi-
ronments. The issue is to adapt the visualization to the 
users’ business requirements according to their usages. 
We rely on research works in Human-Computer Interac-
tion, Information Visualization (InfoVis) and Model 
Driven Engineering fields to propose a user view meta-
model. We worked on a case study that allows us to 
characterize a user view in order to model it. This case 
study is based on the use of 4D CAD to solve a recurrent 
and important issue in construction projects: the man-
agement of actors’ interventions sequencing and reserva-
tions. 
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RESUME 
Cet article décrit une démarche de modélisation des vues 
utilisateur dans les collecticiels orientés services. Le but 
final est d’adapter la visualisation aux besoins métier des 
utilisateurs, en fonction de leurs usages. Nous nous ap-
puyons sur les domaines de l’Interaction Homme-
Machine (IHM), de la visualisation de l’information (In-
foVis) et de l’Ingénierie Dirigée pas les Modèles 
(IDM/MDE) pour proposer un métamodèle de vue utili-
sateur. Nous avons travaillé sur une étude de cas qui 
nous permet de caractériser une vue utilisateur afin de la 
modéliser. Cette étude de cas est basée sur l’utilisation 
de la CAO 4D pour proposer une solution à une problé-

matique récurrente dans les projets de construction : le 
séquençage des interventions d’acteurs et la gestion des 
réservations. 

MOTS CLES : Ingénierie dirigée par les modèles, Vue 
utilisateur, Modèle de vue utilisateur, Visualisation de 
l’information, Architecture Ingenierie Construction, 
TCAO. 

INTRODUCTION 
Visualization of the cooperation context is an important 
issue, especially when applied to complex and unstable 
collective activities, as it is the case in the field of Archi-
tecture, Engineering and Construction (AEC). In AEC 
field, service-oriented groupware can implement numer-
ous views to represent the same cooperation context [2]. 
For instance, a list of task and a 3D model can both 
represent the same construction project context. Our 
main hypothesis is that the user views in such groupware 
are often not adapted enough to the need of the business 
users because generic views do not take into account the 
specific requirements related to particular roles. 

In the AEC sector, groupware oriented systems remain 
under-used. An important issue is to consolidate the co-
operation context and to design user views adapted to us-
er’s business requirements. The adaptation has to take in-
to account the three perspectives of using the actor's con-
text [2], namely: 1) informational perspective (determin-
ing the relevant information according to the user of a 
tool); 2) functional perspective (anticipating the require-
ments according to the user) and 3) infrastructural pers-
pective (proposing adapted visualization interfaces).  
Human Computer Interaction (HCI) and Information Vi-
sualization (InfoVis) fields could allow us selecting user 
views properties with a proper abstraction level. Then, 
we could be able to compose coordinated multiple views 
according to identified required adaptations from busi-
ness usages. Our work aims to define a metamodel of us-
er view based on taxonomic key concepts found in litera-
ture. 
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Model Driven Enginerring (MDE) approach recom-
mends the use of metamodels to define domain languag-
es, so each model has to conform to its metamodel [5]. 
We will present in this paper the first version of a visua-
lization metamodel we propose and we will apply it to an 
AEC sector case study. Thus, we will first make a litera-
ture review of existing taxonomies of visualization allow-
ing us to retain key concepts that enter into the composi-
tion of our view metamodel. Then, we will present the 
metamodel and the various elements that constitute it. In 
conclusion, we will present the future work aiming at 
consolidating and validating the metamodel. 

TOWARDS USER VIEW METAMODEL 
In order to propose a metamodel of the user views in ser-
vice-oriented groupware, we rely on previous work [5] 
that proposes a first list of attributes visualization tech-
niques (i.e. structure, quantity of displayable information, 
graphical attributes, content description, interaction prin-
ciples, and business view). The state of the art on tax-
onomies related to the visualization helped us to improve 
this work and to define the relationships between the re-
lated concepts. 

According to Mazza, “visualization is a cognitive activi-
ty, facilitated by external visual representations from 
which people build an internal mental representation of 
the world and computers may facilitate the visualization 
process with some visualization tools” [7]. Spence [8] 
distinguished three scientific fields that share the general 
aim of helping a user to be informed about data of some 
kind : information visualization, scientific visualization 
and geovisualization. “While scientific visualization re-
lates to physical ‘things’, geovisualization is similar in 
that some sort is usually at the heart of any display of da-
ta” [8]. Information visualization in contrast deals with 
visualization of abstract data that don’t necessarily have 
a spatial dimension” [7]. 

Lohse & al. [6] presented a classification and properties 
for visual representations. They identified eleven catego-
ries of representations which are: structure diagrams, car-
tograms, maps, graphic tables, process diagrams, icons, 
time charts, network charts, pictures, tables, graphs. They 
also proposed ten properties for visual representation [6]: 
spatiality (spatial or non spatial), temporality (temporal 
or non temporal), comprehensibility (easy to understand 
or hard to understand), continuity (continuous or dis-
crete), concrete or abstract, numericity (numeric or non 
numeric), dynamism (static or dynamic), attractivity (at-
tractive or unattractive), focus (emphasizes whole or em-
phasizes parts), quantity of information (conveys a lot of 
information or conveys little information). 
Keim [3] proposed to classify data in seven display for-
mats: one-dimensional, two-dimensional, multidimen-
sional, text and hypertext, hierarchies and graphs, algo-
rithms and software. These classes are close to the cate-
gories previously proposed by Scheiderman [9] to de-
scribe the contents of a visualization: one-dimensional or 
linear, two-dimensional, three-dimensional, temporal, 
multidimensional, trees, networks.  
The information Visualization also involves interaction 
techniques that can be characterized by their type, their 
mode and the level of interactivity. The different types of 
interaction can be classified in five groups [3]: dynamic 
projection, interactive filtering (browsing and querying), 
interactive zoom, interactive deformation and 
“Link&Brush”. Tweedie relied on Lunzer and proposes 
five levels of interaction that are: manual, mechanized, 
instructable, steerable and automatic [10]. Regarding the 
mode of interaction, Spence considers four kinds : conti-
nuous, stepped, passive and composite [8]. 

Mazza classified the data, by their nature, into three main 
groups (quantitative, ordinal and categorical [7]) and 
proposed a typology of graphical elements that joined in 
substantially the work of Bertin [1]. 

Figure 1 : User view metamodel 
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According to literature and our specific context, a user 
view enables to visualize a content using a technique, in 
a given user context. This leads to define three concepts, 
namely: the displayed content, the visualization tech-
nique and the user context. The displayed content is cha-
racterized by the format [3] and the nature of data, but 
also by the perception and mental models [6] people can 
build from data [5]. The visualization technique can be 
characterized by its structure [5], its graphical attributes 
[6] and its principles of interaction. The principles of in-
teraction touch the level [9], the modes [7] and the types 
[3] of interaction allowed by the visualization technique. 
It is also useful to know whether the visualization tech-
nique is known in the field of application and if it is al-
ready sufficiently used. The third aspect concerns the 
context of visualization. Relying on Kirsch-Pinheiro [4] 
we can define user context as the set of parameters ‘ex-
ternal to the application that can influence the behavior 
of an application by defining new views on its data and 
services. These parameters have a dynamic aspect that 
allows them to evolve during the execution time’. She 
separated the physical context from the collaborative 
context. While the physical context is relative to space 
and device, the collaborative context applies to the user 
with a role in a group and to a process (activity, shared 
object) [4]. 

The metamodel we propose is depicted on Fig. 1. The 
user views will be modeled according to this metamodel. 
The main hypothesis is that several views can support a 
business task in a given context. However some views 
could be more relevant than other according to the spe-
cific needs of the actor. The interest of the metamodel is 
to describe the views via a single formalism in order to 
compare them better. Such a metamodel could enable the 
definition of a view design method, particularly useful to 
adapt views in collaborative projects environments. 

APPLICATION IN AEC FIELD 
In a case study we suggest to formalize a collaborative 
process in order to identify usages of each role involved 
in the collaborative construction process planning, and 
based on 4D model. 4D modeling consists in combining 
a 3D model of the building project with the time dimen-
sion, in order to simulate the progress of works construc-
tion along the time. Zhou et al. highlight that the “con-
struction planning is increasingly being supported 
through the application of 4D CAD” and that “interest in 
the area of 4D CAD has grown rapidly in recent years” 
[11]. However 4D CAD visualization techniques often 
makes use of generic user views which are not adapted to 
the various practitioners who may use it. 

A 4D model scenario simulates the actions of various ac-
tors during construction planning and describes their par-
ticular tasks, according to their roles. An extract of our 
example scenario especially targets collaborative man-
agement of contractors’ interfaces (figure 2). 

Figure 2:  Extract of a 4D-supported collaborative process 

TASKS POSSIBLE VIEWS
Task 1 : Create tasks list List, table

Task 2 : Examine the model conformity 3D

Task 3 : Comment the model Form, text, table

Task 4 : Validate the model 3D

Task 5 : Send a notification Form, comment list, table

Task 6 : Consult contractors' proposals Calendar, text, table

Task 7 : Check for conflicts Gantt, Pert 

Task 8 : Notify conflicts List, table, Text

Task 9 : Define simulation sequences Calendar, table, Lists

Task 10 : Notify sequences informations Form, table, list

Task 11 : Verify simulation
3D animation, simulation 

video

Task 12 : Send reminders Form, table, list

Task 13 : Verify reservations Pictures, meeting reports

ENGINEER

 
Table 1: Possibles views for identified engineer tasks 

We identified three main roles: engineer, 4D supervisor 
and contractor. Then, for each usage we suggest combin-
ing possible visualization methods based on previous ex-
perience [2] in order to achieve views composition for 
each stakeholder. The table 1 shows the engineer’s  
tasks. We can take for instance the following scenario 
(task 11): From his office, the engineer needs to visualize 
the stakeholders sequences to check the consistency of 
the designed 4D model. A proposed view for this task 
can be a 3D animation resulting from the work of 4D su-
pervisor (figure 3). The engineer uses scroll buttons to 
see the construction evolution over time. According to 
our metamodel, this view can be described with elements 
shown in table 2. We can especially notice that this view 
emphasizes parts and supports composite interaction 
mode and interesting interaction techniques (zoom, 
Link&Brush) that could be particularly useful for some 
visualization tasks user might need to achieve according 
to his business.  



 
Figure 3:  3D animation view to engineer for task 11 

3D animation view

CONTENT Physical data
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Temporality Temporel
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Attractivity Attractive

Focus Emphasizes parts

Numericity Non numeric
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Interaction technique Zoom interactif, Link&Brush
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Graphical elements Volumes (3D object)
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USER CONTEXT

Localisation Office

Device Desktop computer

Application Groupware, CAD application

Group Project manager

Role Coordination

User Engineer

Process Managing users' intervention sequencing

Activity Checking the consistency of requested reservations

Shared object Building model, list of tasks, planning, list of reservations

Calendar Yes

Data format

Mental model

Collaborative context

Physical context

Graphical attributes

Attributs

Nature of data

Business view

Interaction principle

Structure of the technique

 
Table 2: Instances to model the choosen view 

CONCLUSION 
The adaptation of user visualization to business usages in 
a particular domain is an important issue in groupware-
oriented service systems. In this paper, we present a me-
tamodel describing user view, based on various refer-
ences. In the case study, we showed that it is possible to 
propose different views to actors according to their tasks. 
We showed that with our metamodel we can model user 
views for a given task in order to compare them. The in-
terest is to be able to choose the most appropriated ac-
cording to the visualization needs related to the task.  

In future works, we will deepen the state of the art and 
define an experimental protocol, in order to consolidate, 
improve and validate this metamodel according to busi-
ness usages requirements. Moreover, we have to describe 
better the business tasks and the visualization needs in 
order to match them with user views attributes. Model 
transformations should make our approach operational, 
and enable to develop a tool that could help to propose 

adapted and/or adaptive user views according to ac-
tors’usages and tasks. 
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