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Abstract: J. Verbeke, H.H. Achten, J. Petric, H. Neuckermans, K. Steemers 2003. 
/RU 4: Information Design (ION). USO-Built Report Series 2:116-123. The field of 
study of USO-Built's International Research and Design Unit (IRU 4) 'Information Design' 
concerns supporting and facilitating IT environments for the disaggregated and dispersed 
building industry, in which all the players - architects, engineers, contractors, clients and users 
- come from a wholly diverse educational, professional and motivational backgrounds. The 
importance of a supporting and facilitating IT environment is paramount. The infonnation sci
ences are used to focus on understanding of properties of information and knowledge struc
tures, to facilitate an integrative framework for better design and the pursuit of a more sus
tainable built environment, while creating the opportunity for the user/client to participate ac
tively in the design decision-making process through informed options delivered by a more 
open IT based design decision process. The concept of the user is extended in this IRU to 
include the user of digital technologies for the built environment. ION has found consensus for 
its mission, aims and focusing, and performed a preliminary SWOT analysis. 

Keywords: information technology; information design; building industry; information struc
tures; design improvement; sustainable environments 

*+*+* 
The impact of developments of digital and information technologies on the Building 
Environment have been enormous. During the last decade, technologies have 
evolved in such a way that they influence and change the processes in the multi
billion Euro building industry. 

In an industry which is disaggregated and dispersed, and in which all the players -
architects, engineers, contractors, clients and users - come from a wholly diverse 
educational, professional and motivational backgrounds, the importance of support
ing and facilitating the IT (Information Technology) environment and its relationship 
with classical media is paramount. 

11.4.1. Mission & Research Area 
The activities and research of IRU4 (ION) are on two levels: (i) IRU4 contributes to 
the development of fundamental insights, understanding and technological evolu-
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tions; and (ii) It contributes to the other IRU and helps to develop methodologies for 
information design themes in other IRU. The concept of the user is extended to in
clude the user of digital technologies for the built environment. IRU4 includes all 
types of information structures and media (physical models, digital structures, etc). 

RU 4 works in the scientific traditions of the information sciences. Final aim is to un
derstand the properties of information structures. 

11.4.2. Coordination 
The board of coordinators consists of 5 seniors: 
- Johan Verbeke, Hogeschool voor Wetenschap en Kunst, Brusel-Gent 
- Henri H. Achten, Technische Universiteit Eindhoven 
- Jelena Petric, University of Strathclyde 
- Herman Neuckermans, Katholieke Universiteit Leuven 
- Koen Steemers, University of Cambridge 

11.4.3. Seniors 
In addition to the coordinators mentioned above the following senior researchers take 
part in IRU 4 (situation of December 1, 2003): 
- Horia Alejandro Barbat, Universitat Politecnica de Catalunya 
- Alan Bridges, University of Strathclyde 
- Luca Caneparo, Politecnico di Torino 
- Joseph A. Clarke, BSc, PhD, University of Strathclyde 
- Roel Daru, Technische Universiteit Eindhoven 
- Andre de Herde, Universite Catholique de Louvain 
-Ann Heylighen, Katholieke Universiteit Leuven 
- Sebastian MacMillan, University of Cambridge 
- Lori McElroy, University of Strathclyde 
- Thomas W. Maver, University of Strathclyde 
- Nicolas Morel, Ecole Polytechnique Federale de Lausanne 
- Ad den Otter, Technische Universiteit Eindhoven 
- Frank De Troyer, Katholieke Universiteit Leuven 

11.4.4. Projects & Output 
Currently 26 projects are running (www.uso.tue.nl/partners/universities/USO-IRU
four.asp?IRU=4) : 2 at the MPhil level, 17 at the doctorate level and 7 at the postdoc 
level. One projects was successfully completed in 2002, and 2 in the year 2001. 
Academic output in journals, books, monographs and doctor theses may be found in 
the USO-Built output database at www.uso.tue.nl/Research/search output year.asp 

11.4.5. Focus of the /RU 
The information sciences are used to focus on understanding of properties of infor
mation structures, to facilitate an integrative framework for better design, while creat
ing the opportunity for the user I client to participate actively in the design decision
making process through informed options delivered by a more open IT based design 
decision process. 

11.4. 6. Context 
The importance of a supporting and facilitating IT environment is paramount. This 
IRU concerns supporting and facilitating IT environments for the disaggregated and 
dispersed building industry, in which all players - architects, engineers, contractors, 
clients and users- come from a wholly diverse educational, professional, and moti
vational backgrounds. 
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11.4.6.1. SOCIETAL NEED 
The knowledge-based society is in desperate need of order in the chaos of the over
whelming supply of information. By elucidating both knowledge structures and IT en
vironments IRU 4 intends to facilitate the development towards a sustainable knowl
edge-based society. 

11.4.6.2. PARTNERS' EXCELLENCES 
The IRU community has not yet drawn up a list of the excellences of individual part
ner institutions. However, the collective competence of IRU4 have been agreed upon 
to be in the understanding of properties of information structures: 
(i) Intrinsic properties of information structures from the Information Technology 

point of view (data structures, management, access, dynamics, acquiring); 
(ii) Required properties of information structures from the point of view of the user 

(access, appearance, use); 
(iii) Essential technologies for information structures to make information structures 

functional (user interface, network technology, database technologies); 

11.4.6.3. PROBLEM DEFINITION 
The problem to be solved is threefold: 
(i) How to facilitate, across the range of specialists involved with delivering quality 

in the built environment, an integrative framework for better design; 
(ii) How to deliver, through sophisticated simulations of the characteristics of build

ings, an environment which is not just useful for the current user, by being more 
maintainable which guaranties sustainability for the future ; 

(iii) How to create the opportunity for the user/client to participate actively in the de
sign decision-making process through informed options delivered by a more 
open IT based design decision process. 

11.4. 7. Benchmarking 
To benchmark the IRU 4 endeavour we intended to first listed other consortia work
ing in the same field , and subsequently compared their results and perspectives with 
ours. 

11.4. 7. 1. PEER GROUPS 
A number of peer groups have been identified for IRU 4: 
- eCAADe, CAADRIA, ACADIA and Sigradi communities (working on CAAD on the 
different continents); 
- The AVOCAAD group (Added Value of Computer Aided Architectural Design); 
- Research unit working on the EC energy performance directive (related to the Kyoto 
norm). these have a growing importance; 
- Knowledge management consortia (Coconet, Step, ... ); 
- The VR-Network in the UK; 
- The CIC-group working on construction - industry - computers; 
Groups working on information technology and construction . 

11.4.7.2. /RU 4 POSITION 
As compared to the peers, IRU 4 of USO-Built has as extra dimension teaching a 
doctorate research program (USO-Built is a Graduate School). In 2004 benchmark
ing criteria should be agreed upon to position ION among its peers. 
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11.4.8. Research Agenda 
The research agenda of IRU 4 is organised in 3 sub themes: (i) Collaborative Design 
and Knowledge Management; (ii) Building Performance Simulation; and (iii) Virtual 
Reality and Virtual Environments. 

11.4.8.1. WITHIN THE /RU 
COLLABORATIVE DESIGN AND KNOWLEDGE MANAGEMENT. Research and development 
in this field will facilitate integration of the design team by making it possible to design 
collaboratively even if the members of the design team are in separate locations and 
working on different computing platforms. A more integrated approach to design de
cision-making makes it possible to address effectively the issue of "balanced sus
tainability" which is of major importance to the user. 
The procurement, design, construction and management of buildings involves the 
processing of vast quantities of relatively low-level information and its translation into 
knowledge which has value not only to clients, designers, builders and managers, but 
also the building users. Research is proposed which identify and evaluate emerging 
(largely web-based) knowledge management systems in the context of the built envi
ronment. 
Within this context, an issue of growing importance is the way knowledge can be 
shared, communicated and developed through collaborative environments. 
Projects completed in 2001-2002: 
- Flourentzos Flourentzou :The decision process in architectural design 
- Carlo Ratti : Urban analysis for environmental prediction 
Running projects: 
- Martijn Stellingwerff: Design Media in Architecture 
- David Bodino: DIGITAL design_digital DESIGN. Architect's role within information technol-
ogy scenarios 
- Luca Caneparo: Building Design in the Digital Era 
- Martha Liliana Carreno T: Impact of Earthquakes in Urban Centers: ex ante and ex post 
Evaluations 
- Antonio Fatibene: The design's machines 
- Benjamin Geebelen: Daylighting and lnsolation: Design of Digital Tests for the Early Stages 
of the Architectural Design Process 
- Elisabeth Gratia: Double-skin facade, sunshade and ventilation 
- Antoine Guillemin: Use of genetic algorithms to improve building control 
- Lin Hao: Design and analysis of sustainable building system in urban China 
- Ann Heylighen: Exploiting and Exchanging design experience. Towards a strategy for de-
sign quality 
Proposed projects103

: 

- IT Support for sustainable decision making (USO-doctorate) 
- Sustainable Digital Structures (USO-Postdoc) 

BUILDING PERFORMANCE SIMULATION. The quality of the built environment, from the 
point of view of the user, depends to a great extent of the thermal, acoustic and light
ing characteristics of building interiors. Further research is needed to develop com
puter software that will simulate these performance characteristics in a way which is 
meaningful to the building user. 
Better maintenance through more in depth building simulation, will improve on the 
long term characteristics and hence will imply a more sustainable context for the 
building. 
Projects completed in 2001-2002: 
- Juan Martin Benito : Software with natural cooling strategy for buildings 

103 Included in the Marie Curie proposals: USO-doctorate or USO-Postdoc 
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Running projects: 
- Daniel Mauricio Ruiz Valencia: Seismic damage of existing RC buildings based on continu
ous damage model 
- Carlos Lara Sarache: Seismic Analysis of Masonry lnfilled Reinforced Concrete (RC) 
Frames 
- Jon Woolf: Renewable energy assessment methodology 
- Runming Yao: DIAL Europe--an European integrated day lighting design tool. 
Proposed projects104

: 

- Modelling a health-supportive built environment for European Regions (USO-doctorate) 

VIRTUAL REALITY AND VIRTUAL ENVIRONMENTS. Advances in emerging VR technolo
gies coupled with reducing costs make it possible to construct virtual buildings and 
virtual city-scapes in which the design team and the client can be immersed. Recent 
R+D has produced prototype systems, which allow the designers and the future us
ers to interact synchronously with the virtual world from within it. Further research is 
needed to develop the systems and test their worth in practice. 
Projects completed in 2001-2002: 
None 
Running projects: 
- Stefan Boeykens: Object Oriented Modelling in Architectural Design 
- Guiseppe Conti: The use of Virtual Reality and the design of its interfaces for architecture. A 
framework and a working prototype: JCAD-VR 
- Malcolm Lindsay: Virtual Reality in Education 
- Giuliana Ucelli: JCAD-VR (Java Collaborative Architectural Design tool in Virtual Reality): a 
Collaborative VR system as a tool for design in architecture. A framework and a working pro
totype 
Proposed projects105

: 

- 4D space and time design for future urban structures (USO-doctorate) 

11.4.8.2. Joint Areas 
Collaboration with the other IRU takes place in the Joint Areas of Research 
and Design, one for each IRU. 

/RU 4-1 CONNECTION: MORPHOLOGY AND THE RE-QUALIFICATION OF THE INDUSTRIAL 
CITY. The built environment is a differentiated whole, the city is multi-layered and -
conceptual landscape, a conglomerate of different types of environments, area's, etc. 
These areas have to be transformed according to developments and needs of the 
post-industrial and knowledge based society. This process of re-qualification means 
de-/intensification of land use (smart combination of dwelling, working, recreation 
etc.), the strive for multiplicity and de-/differentiation, but also the care for historical
morphological (the cultural heritage) and ecological structures. As stated in the 
theme above: it is the creation of a landscape in 'a palimpsestic process of overlap, 
replacement, de-/intensification, density manipulations and abandonment.' This 
'complicated dynamic is one calling for a 'conceptual re-tooling'.' In the coming 
phase of urban development morphological transformation of existing areas of the 
post-industrial landscape is at stake. New types of areas have to be designated, for 
instance city's edges will become more and more important. The research project 
focuses at the restructuring of the following types of areas: Landscapes (including 
villages and settlements for 'rural living)', City's Edges (until now mostly seen as un
planned areas), Industrial areas (until now mono-functional in land use), Historic 
Cores, Pre- and postwar housing areas (the last one often expression of a general I 
universal paradigm of mono-functionalism). 

104 Included in the Marie Curie proposals: USO-doctorate or USO-Postdoc 
105 Included in the Marie Curie proposals: USO-doctorate or USO-Postdoc 
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Projects completed in 2001-2002: 
None 
Running projects: 
- Mario Santana Quintero: The use of 3D documentation and Dissemination techniques in 
studying Built Heritage 
- Gareth Ennis: Integrated urban databases on the World Wide Web 
- Kalliopi Maravelea: Formal Indicators of Urban Character 
- Rob de Waard: SpaceUseForms, an actor-included, programmatic concept for environ-
mental management 
Proposed projects106

: 

- None 

/RU 4-2 Connection: INNOVATIVE DESIGN AND DECISION SUPPORT SYSTEMS. To
gether with IRU 4, IRU 2 will create new innovative Design and Decision Support 
Systems for applications in architecture and the building industry and improve exist
ing systems. The aim is to support decision-making behaviour under bounded ra
tionality (including links to knowledge processes). 
Projects completed in 2001-2002: 
- Flourentzos Flourentzou: The decision process in architectural design 
Running projects: 
- Tatjana Todorovic : Digital Solutions for Environmental Appraisal 
Proposed projects107

: 

- None 

/RU 4-3 Connection: COLLABORATIVE DESIGN SYSTEMS. In a world with growing 
complexity, especially in the building and architectural industry, projects are more 
and more realised with collaborating teams. Appropriate digital environments are 
highly needed. Computer Aided Design Participation and Collaborative Design Sys
tems are studied and developed. This also requires insight in human processes of 
behaviour and knowledge creation. Virtual Reality technology makes it possible to 
simulate the experience of people with disability - visual, auditory or movement - as 
they attempt to navigate within and between buildings. A major research and devel
opment effort is needed to deploy VR in the cause of improving the design of the built 
environment for this important, and growing, section of the user community. 
Projects completed in 2001-2002: 
None 
Running projects: 
None 
Proposed projects 108

: 

- Virtual Reality in the Service of User Participation in Building Design 

11.4.9. Results 
Results are shown as academic output and joint development within the research 
agenda. 

11.4.9.1. ACADEMIC JOURNALs109 

Seniors of IRU 4 are members of the editorial board or act as editors of: 
AUTCON Automation and Construction 
CAD Computer Aided Design 
DS Design Studies 
IJAC International Journal of Architectural Computing 

106 Included in the Marie Curie proposals: USO-doctorate or USO-Postdoc 
107 Included in the Marie Curie proposals: USO-doctorate or USO-Postdoc 
108 Included in the Marie Curie proposals: USO-doctorate or USO-Postdoc 
109 For a list of contributions to these journals see the appendix 
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IJDC International Journal of Design Computing 
ltCon Electronic Journal of Information Technology in Construction 
In 2001 and 2002 members of the IRU 4 community published in various academic 
journals: 
- Design Studies 
- Digital Creativity 
- Systems Research and Behavioural Science 
- The Mathematical Intelligencer 
However, this list is not complete since not all academic output have yet been traced. 

11.4.9.2. ACADEMIC CONFERENCES110 

IRU 4 members presented in 2001 and 2002 at the following Academic Conferences: 
ACADIA Association for Computer Aided Design in Architecture 
AVOCAAD Added Value of Computer Aided Architectural Design 
CAAD Futures Computer Aided Architectural Design Futures 
CAADRIA Computer Aided Architectural Design Research in Asia 
DOSS Design Decision Support Systems 
eCAADe Education and Research in Computer Aided Architectural Design in Europe 
Sigradi Sociedad lberoamericano de Grafica Digital 

11.4.9.3. JOINT DEVELOPMENT 
Discussions have deepened the understanding of underlying communication prob
lems. This is expected to pay off in joint projects. 

11.4.10. SWOT 
The SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis forms the ba
sis for future strategy and tactics, and might bring answers to the issues listed in 
Chapter 1. 

11.4. 10. 1. OPPORTUNITIES 
Opportunities for IRU4 are seen as coming from two main fields: international devel
opments, mainly coming from Europe and technological development in the field of 
computers. 

The Bologna process is currently stimulating developments in higher education and 
especially fostering collaboration in the field of education and research. Also for 
IRU4 it is important to group energy and competences to be in place for the fast de
velopments in the field of CAAD. Also the focus on the knowledge based society has 
important implications for IRU4 as this impacts on the working conditions of all in
volved in the building process as well as on the knowledge creation process which is 
so far mainly driven by implicit and informal learning in practise. 

Computers became part of our daily life and influence all important processes in the 
building (services) industry which is highly fragmented . Virtual environments become 
affordable by the bigger offices (eg. desk CAVE, ... ). Computer literacy of the new 
generation students is increasing constantly and activates the potential of integration. 
Rapid prototyping technology become available. All these indicate the working con
text will change dramatically within the next decade and requires integrated efforts for 
development. 

11.4.10.2. THREATS 
Threats for IRU4 are seen to come from three directions. 

11° For a list of papers at these conferences see the appendix 
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In the past, expectations regarding what should become possible and done with 
computers have been extremely high and could not be completed in reality. Still to
day, over-expectation and under-estimation of the required efforts to take the field a 
step forward are especially living in higher research management. 

Senior (research and university) management underestimate the importance for the 
architectural and building field. They adopt a conservative attitude to the field, block
ing it in its (highly needed) developments. 

Finally, because the efforts are fragmented over many units and universities, com
patibility between technologies and systems is relatively low. This is a clear threat for 
long-term sustainable development in the field of IRU4. 

11.4.10.3. STRENGTHS 
A clear strength of the field of IRU4 is the high interest and competence of graduates 
in the field. This is complemented by the high competence and international experi
ence and activities of the partners in IRU4. They are part of different other networks 
and bring this together in the USO-BUILT network. As such, it makes IRU4 the ap
propriate context for an integrated long term effort. 

On the other hand, computers may also facilitate collaboration between other fields. 
IRU4 is placed between the other IRU's of USO-BUil T and may be in place to stimu
late and develop interdisciplinary research. 

Virtual prototyping (VR? ... ) facilitates the possibility to experience the future space 
even before it is built. This helps to develop sustainable spaces improving the living 
conditions and climate of future users. The results of IRU4 also prevent expensive 
mistakes by facilitating simulations and help to circumvent the problem that buildings 
are still 'one-case' and usually have no or very little repetition. 

11.4. 10.4. WEAKNESSES 
A difficulty and weakness for IRU4 is the clear difficulty which computers still have in 
handling tacit and implicit knowledge. As tacit and implicit knowledge are widely 
prominent in the building industry, a breakthrough can only be expected when this 
issue is incorporated in new developments. 

Another weakness in relation to education as well as research is the repeated need 
for investment in high quality equipment. Also software needs updating very fre
quently, having implications on collaboration and it also requires continuous atten
tion, time and effort of staff. This turns out to be a bottleneck in times where budgets 
are cut almost everywhere. 

Because of the highly fragmented situation of research in the field, it is very difficult to 
obtain the required research funding. Research field not always appear on the list of 
research themes, the fragmented industry is also not in place to implement long term 
and integrated research efforts. 

11.4.10.5. ANALYSIS 
The IRU 4 community has left a thorough analysis of the SWOT results for the year 
2004. 

11.4.10.6. RESULTING STRATEGY AND TACTICS 
Also the strategy and tactics debate has been postponed to 2004. 
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Appendix of Chapter 11: Academic Output 

Cor E.E. Pernot 
TNO-Building Construction, Delft-Eindhoven, Netherlands 
e-mail: c.e.e.pernot@tue.nl 

Ludovicus G.H. Koren 
Technische Universiteit Eindhoven, Netherlands 
e-mail: l.g.h.koren@bwk.tue.nl 

Academic output has been collected by ir. Cor E.E. Pernot and dr. Ludovicus G.H. 
Koren and subsequently placed on USO-web for public use and review 
(www.uso.tue.nl/Research/output.htm). A number of search facilities are available 
(www.uso.tue.nl/Research/search output.asp). You may search by:: 

(i) IRU: 
a. IRU 1: www.uso.tue.nl/partners/universities/past perf iru1 .asp 
b. IRU 2: www.uso.tue.nl/partners/universities/past perf iru2.asp 
c. IRU 3: www.uso.tue.nl/partners/universities/past perf iru3.asp 
d. IRU 4: www.uso.tue.nl/partners/universities/past perf iru4.asp 

(ii) By year (www.uso.tue.nl/Research/search output year.asp); 
(iii) By words in the title of the publication; 
(iv) By partner organisation; and 
(v) By author(s) 

We are not so far yet that these output list are complete due to the variance in publi
cation cultures and registration of output. We expect that by the end of the year 2004 
the system for collecting all output will be established. 
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