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ABSTRACT: Information in construction industry is delivered and interpreted in a language specific to 
the industry in which large complex objects are only partially described and with much information 
being implicit in the language used. Successful communication therefore relies on participants in the 
industry learning how to interpret the language through many years of education, training and 
experience. With the introduction of computer technology, and in particular the detailed digital building 
information model (DBIM), the accepted language currently in use is no longer a valid method of 

describing the building. At all stages in the paper based design and documentation process it is 
generally readily apparent which parts of the design require further completion and which are fully 
resolved. This is able to be achieved through the complex graphical language currently in use. In the 
DBIM, all information appears at the same level of resolution making difficult the interpretation of 
implicit information embedded in the model. This compromises the collaborative design environment 
which is being described as a fundamental characteristic of the future construction industry. 
This paper focuses on two areas. The first analyses design resolution and the role uncertain 
information plays in the design process. It then discusses the manner in which designers and the 

industry in general deal with incomplete or unresolved information. The second describes a theoretical 
model in which a design resolution (DR) environment incorporates the level of design resolution as an 
operable element in a collaborative DBIM. The development and implementation of this model will 
allow designers to better share, understand and interpret design knowledge from the shared 
information during the various stages of digital design and before full resolution is achieved.  
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INTRODUCTION 
 
Projects in the construction industry are characterised by 
large numbers of participants from diverse areas using 
paper based documentation to share information. In 
order to capture and communicate design knowledge, a 
language specific to the industry is used in which large 
complex objects are explicitly and implicitly described by 
a standardised graphical vocabulary. Through personal 

experience and training, participants learn how to 
interpret the meanings embedded in the documents in a 
manner to suit their individual needs. With the 
introduction of computerised three dimensional building 
modelling and simulation technology, and in particular 
the detailed digital building information model (DBIM), 
much of the conventional graphical vocabulary is being 
replaced by detailed and precise building product 

information. When building information is digital, all the 
information appears at the same level of completion 
when viewed on a computer screen. This rigidity in the 
presentation of information in the DBIM makes it difficult 
to interpret the level of completeness of a design in a 
collaborative building design environment. To achieve a 
collaborative building design environment, a 3D 
computer Computer-Aided Design (CAD) based 

operational environment which can incorporate implicit 
design resolution information is necessary.  
 

1. CONVENTIONAL DESIGN LANGUAGE 
 

For hundreds of years, creation and communication of 
architectural design information has been largely relying 

on the use of paper-based project documentation which 
is a shorthand record of project specific information and 
knowledge (Coulson 2002). Although paper based 
information is not complete nor perfect in representation 
(Chambers & Reisberg 1992; Chan & Dawson 2004), it 
facilitates the recognition and retrieval of design 
information and knowledge within a complex design 

environment (Larkin & Simon 1987; Do 1995). Drawing 
with pen and paper has been one of the main tools of 
architectural design which is dominated by a 
diagrammatic language specific to the construction 
industry. Drawings may be constructed of geometric 
primitives with the language used representing formal 
knowledge. By using this graphical representation, the 
language summarizes the outcomes of critical decisions 

made during design processes and describes complex 
design concepts and knowledge that needs to be 
inferred by competent communicants (Do 1997; Coulson 
2002; Do 2002b, a). For instance, designers use lines 
and hatching to represent different dimensions and 
material to be used for various wall types. Design 
consultants may interpret different graphical elements as 
having different meanings in the architectural design 

process. For example, different types of arrows may 
represent various spatial relationships and circulation 
paths by architects. For structural and mechanical 
engineering design, arrows may be used to represent 
different forces or pressures applied to building 
components. Meanwhile, to environmental specialists 
arrows may refer to the indicators for different travel 
directions of light rays and sound waves (Do 1995; Do et 
al. 1999; Do 2002b, a). (see Figure 1) 
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Figure 1: Conventional building design uses graphical 

representation and a language specific to the 
construction industry to represent complex architectural 

concepts. Part of the language shows explicit information 
(i.e. spatial relationships, lighting and acoustic analysis 
and construction detail), whereas some meanings are 

implicit (design options and resolution). Some of the 
meanings have to be inferred by communicants. 

  

2. DIFFICULTIES WITH BUILDING DESIGN 

 
The building design process is one of the most important 
tasks in construction industry. However, even with the 
advent of information technology, the support of the 
creative design process from these technologies is still 
limited, particularly in the initial design phase. There are 

at least two main reasons for the situation.  
 
2.1. Fragmentation of knowledge 
Projects in the construction industry are characterised by 
large numbers of participants from diverse areas using 
paper-based documentation to share information. The 
fragmentation of building knowledge results from 
heterogeneous backgrounds of the many participating 

professions including their personal goals, perception 
and experience in the construction industry. These 
differences result in errors and conflicts through 
misunderstanding and misinterpretation of 
communicated knowledge (Chambers & Reisberg 1992; 
Kalay 1999). 
 
2.2. Fuzzy design process and soft design 

information  
Building design is a problem solving process that 
consists of production and interpretation (Larkin & Simon 
1987; Tang & Gero 2001). One characteristic in the 
process is the incremental development of vague design 
ideas via the continued manipulation of unresolved 
design information until the outcome is finalized. During 
the process, multi-disciplinary design information is 
generated and integrated by various participants 

(Deshpande et al. 2004). Being able to identify and share 
generated design knowledge is a crucial but difficult 
action in collaborative design, especially during the 
conceptual design phase (Chan & Dawson 2004). This is 
partially due to building design being an intuitive and 
iterative process which consists of interdependent and 
unclassified activities (Deshpande et al. 2004). It is 
therefore difficult to fully describe the entire process. 

Extensive research studies such as lateral transformation 
(Suwa et al. 1998), “see-move-see” process (Schon & 
Wiggins 1992), “seeing as” and “seeing that” in the 
dialectics of the sketching process (Goldschmidt 1991), 
protocol analysis (Schon & Wiggins 1992; Do et al. 1999), 
creative cognition (Finke et al. 1992) and unexpected 
discoveries (Suwa et al. 1999) have put forward possible 
explanations of the fuzzy nature of the design process. 

When these issues are translated to the digital 
environment, the inability to capture and share 
comprehensive unresolved (or soft) design knowledge 
generated during the process results in difficulties with 
the collaborative use of building design.  
Soft design information may include abstract design 

concepts which are highly volatile. It can also refer to an 
unconfirmed design task that is subject to be further 
detailed development such as the dimensions of 
structural building elements or the selection of lighting 

devices etc. (Chan & Dawson 2004). The ability for 
current information technology systems and particularly 
3D CAD modelling to capture and describe the variety 
and levels of resolution of soft information is severely 
limited compared to the more traditional drawing 
language currently being used (see Figure 2).› 
 

 
Figure 2: Soft information represented by sketches is 
characterized by fuzzy features, meanwhile digitalized 
information represented by computer is homogenous 

and rigid (Chan & Dawson 2004). 
 

3. COGNITION OF KNOWLEDGE COGNITION 
 

Designers require fresh information to support decision 
making in a project. To reason and share the ambiguities 
within soft design knowledge, communicants rely on 
personal interpretation of the graphic language 
developed through many years of education, training and 
experience. This depends on individual specialized 
building knowledge with various professions interpreting 
drawings differently by connecting and filtering 

information through their specialised knowledge. The 
languages of specific fields interpret and convert 
graphical information into the more complex meanings 
behind the depictions. This process of knowledge 
cognition builds up in designers a reflective dialogue with 
the language of communication used in the design 
environment.  
On top of the knowledge cognition, designers evaluate 

the quality of all of the lines, patterns, texts and symbols 
in a drawing every time they receive information in order 
to estimate the level of completeness of the design 
information. This perception of design resolution forms 
an overlay to the specialised knowledge. This unique 
language is important to knowledge cognition and the 
building design process for several reasons. 
 

3.1. Indicator for design progress 
Information metamorphosis is the term that may be used 
to describe the change of the state of soft design 
information from less tangible and less resolved to more 
tangible and better resolved during incremental design 
development (Chan & Dawson 2004). Although the level 
of design resolution and its change of state is abstract 
and difficult to fully describe, it forms a coherent path for 
conventional design language indicating the degree of 

resolution of design information in the design process. 
 
3.2. Specialized knowledge leads to design 
resolution 
Despite the diversity of design knowledge, every 
program of collaborative building design is achieved 
through the incremental development. During the course 
of information metamorphosis, increasing quality and 

reduced ambiguity of all soft design information is a 
prevalent and a crucial element in all areas. 
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3.3. Interpretation experience for all designers 
Design is a decision making process with an associated 
information exchange (Coulson 2002). Designers share 
understandings via visualized representation (Do et al. 

1999). Because the integrity of the design resolution lies 
in the conventional graphical language, all designers are 
required to interpret the language and establish their 
contribution to the design task. During the process 
designers alter the level of design resolution when they 
transform ideas and generate alternatives. They are also 
required to represent the solutions by integrating 
specialised knowledge at an appropriate level of design 

resolution into a communicable language that others can 
understand  
 

4. DIGITAL DESIGN AND SOFT INFORMATION 
 
Development of computer technology like Computer-
Aided Design (CAD) systems, information technology 
and software programming has been beneficial to the 
construction industry in recent years. All of these 
developments provide support to extensive areas and 

different processes in collaborative building projects. For 
instance, CAD systems have improved the precision and 
quality of information production (although not 
necessarily the quality of information itself). Development 
of virtual modelling ability provides opportunities for more 
accurate perception and real time experiences of 
buildings even at the early design stages. The use of 
environmental analysis programs also provides 

evaluations of designs to support performance prediction 
in building design (Mitchell & McCullough 1995; Szalapaj 
2001). The emergence of internet and information 
technology (IT) has facilitated the communication and 
distribution of building information in collaborative design 
environments. With the provision of the information 
superhighway (Schmitt 1999), on-line product libraries or 
catalogues, real time virtual design studios and video 

conferences have become possible (Mitchell 1995; 
Coyne et al. 2001; Lee & Gilleard 2002). IT also offers 
great potential for improving design practices’ 
management, coordination and overall productivity in the 
industry (Augenbroe & Amor 1997; Forese 1999). The 
development of programming languages like HTML, 
JavaScript and XML has increased the information 
handling ability within a virtual distributed environment 
(Cohen 2000). 

However, anecdotal evidence indicates that participants 
are dissatisfied with those technologies. This appears to 
be partially because drafting, rendering or modelling of 
constructed drawings and nearly finished building 
designs is no longer the main purpose of computers in 
construction industry. The standard graphical user 
interface (GUI) or windows, icons, menus, and pointers 
(WIMP) interfaces that have dominated CAD systems 

through the 1980s and 1990s cannot support the natural, 
flexible interactions needed to perform complex tasks 
such as sketching as a support for design (Schmitt 1999; 
Do 2002a). More importantly, all digitalised information is 
homogenously displayed as totally completed on the 
computer screen. Designers can only interpret part of the 
digitalised vocabulary without being able to refer to 
different degrees of resolution of the partially resolved 

information (Chan & Dawson 2004). This inability to 
describe and communicate the level of design resolution 
associated with soft design information becomes one of 
the main obstacles in achieving a fully comprehensive 
collaborative design environment. A mechanism for the 
systematic acquisition and communication of design 
knowledge and intent during the creative design process 

becomes necessary. 
 
4.1. Soft computing and iterative design 
In order to assist the natural design process, there have 

been efforts to acquire design information by capturing 
human design gestures. The spatial reasoning engine in 
the Electronic Cocktail Napkin program uses graphical 
rewrite rules to check and produce binary relations 
between geometric primitives and building information 
(Do & Gross 1996; Do 2002a). The fuzzy knowledge-
based system attempts to incorporate users’ intent into 
the 3D geometry model by the segmentation of sketch 

input into 2D primitives and 3D recognition (Qin et al. 
2000). The automatic 2D/3D sketch recognition in the 
prototype system I-MAGI transforms human-computer 
interaction into an intelligent vague geometric modelling 
method in conceptual design (Lim 2002). VR Sketchpad 
uses drawings on a transparent window and 
personalised definitions and drawing features to 
generate a 3D geometric model through VRML scenes 

on the web (Do 2001). Geometric modelling using a clay-
based Wizard of OZ technique aims to support both 
speech and gestures in dynamic feedback loop in 
conceptual design (Verlinden et al. 2001).  
Despite these significant developments they reduce the 
computer to an electronic pencil or modelling aid, and 
facilitate faster ways of producing the mistakes of the 
past (Schmitt 1999). Other attempts like the knowledge-

based systems (Miles & Moore 1994), knowledge 
modelling of soft data in fuzzy logic by fuzzification and 
defuzzification (Durmisevic et al. 2001) and the 
classification of fuzzy attributes by fuzzy logic, neural 
network with genetic algorithms (Ciftcioglu 2003; 
Ciftcioglu et al. 2003) have tried to incorporate vague 
information in the building design process. However, 
these systems are currently excessively complex to fit 
into the reflective building design process within which 

industry based designers operate. 
 
4.2. Digital building information modelling 
The introduction of digital building information modelling 
(DBIM) and international data model standards eg IFC by 
IAI (IAI 1999) is claimed to be a potential solution to the 
construction industry. DBIM can be seen as a full digital 
documentation or information repository describing all 

building components in a project from the initial design 
stage through the entire building lifecycle. The DBIM not 
only digitalises building information as traditional CAD 
systems do. The use of the conventional language used 
in paper based documentation is also replaced by data 
rich semantic information of building products (Wix & 
Liebich 1997; Eastman 1999; van Leeuwen & Fridqvist 
2002a). As a result, the acquisition of design information 

no longer relies on personal interpretation to extract the 
complex meanings behind graphical representation. 
Instead, accurate information of every building 
component can be obtained by checking standardized 
object details. However, the DBIM still has some 
unresolved technical difficulties such as the limitations in 
flexibility and extensibility of semantic information content 
and data exchange capability etc (Forese 1999; 

Vergeest & Horvath 2001). Development of feature-
based modelling (FBM) is an example that attempts to 
deal with the limitations in the extensibility and flexibility 
of the ordinary object definition in product modelling. As 
a result, new building product definitions can be created 
in a flexible manner and building design is not restricted 
by building product standards (Van Leeuwen & Wagter 
1998; van Leeuwen & Fridqvist 2002a; van Leeuwen & 
Fridqvist 2002b). Despite this, the problem with the 
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inadequate definition of design resolution associated with 
soft design information in a collaborative design 
environment is still apparent. 
 

5. DESIGN RESOLUTION IN COLLABORATIVE 
DIGITAL BUILDING DESIGN 
 

In order to achieve a comprehensive collaborative 
building environment, both explicit and implicit design 
knowledge should be able to be communicated. It is 
evident that the level of design resolution is an implicit 
but coherent part of soft design information. Although 
significant, interpretation of content and resolution relies 
heavily on individuals both in terms of generation of the 
communication medium and its subsequent interpretation.  

The question remains as to whether design resolution 
information can be formally utilised and communicated in 
a collaborative digital design environment? Several 
issues require resolution.  
1. Representation of design resolution. Design resolution 

can be represented using a qualitative or graphic 
description which gives symbolic meaning. The 
graphical description is consistent with current 
graphical interfaces to digital data and is consistent 

design with resolution being an abstract element which 
describes the quality of soft building design information. 
Although the design resolution level may be 
represented quantitatively, such as percentage 
complete, this is does not provide the rich and diverse 
information used in a primarily graphically oriented 
communication process. 

2. Reflective of design process. The model should be 

able to reflect the quality of design knowledge in 
relation to the design process. Recognition and 
modification of design resolution should be easy, 
simple and require no special knowledge to be applied 
in the reflective environment. 

3. Applicable to all participants. In order to incorporate 
design resolution in collaborative building design, there 
should be a single simple interface for all design 

professionals. Without this, further fragmentation of 
design information will develop making communication 
more complicated.  

4. Flexible. Different levels of design resolution exist 
once building design begins. The definition of design 
resolution should commence at the beginning of design 
and be supported throughout the entire process 
regardless of design stage, design context or design 

professionals. 
 

6. DESIGN RESOLUTION (DR) ENVIRONMENT  

 
The development of the Design Resolution (DR) 
environment is a novel 3D CAD based operational 
construct. It aims to assist full cognition of digitalized 
design knowledge describing different degrees of 
resolution in soft design information throughout the entire 
collaborative building design process. By utilising design 

resolution as an adjustable parameter in the collaborative 
design environment, different levels of design resolution 
of partially resolved building elements can be clearly 
identified and differentiated. This will provide a 
comprehensive control to indicate the change of state of 
soft design information and the transformation of the 
design resolution level during the course of information 
metamorphosis. As a consequence, designers can 

accurately interpret the meanings of design information 
with appropriate indications of design resolution in 
collaborative design environment. This is a key element 
in a collaborative environment in which, by definition, 

partially complete information is distributed. 
The initial focus of CAD systems is precision and 
production. In order to develop a descriptive building 
element in such a technical environment, designers have 

to shift from a productive to more descriptive focus. The 
DR screen is an overlay function in 3D CAD based 
working environment which aims to assist designers’ 
operational shift from production to design. Once 
designers turn on the DR screen in the normal 3D CAD 
based environment, DR environment will be available 
and the information on the computer screen will be 
displayed according to its level of design resolution. As a 

consequence designers can concentrate on the 
recognition and manipulation of design resolution 
information. Designers can also control the display of 
design resolution at three levels. 
1. Marco-level displays the overall DR level of all design 

components at the same time,  
2. Micro-level displays an overall DR level of a selected 

building component and  

3. Parametric level displays DR levels of individual object 
parameters as a DR attribute, which is the extension of 
the existing object attributes in the DBIM.  

From the creation of the abstract idea to detail 
development, design components experience 
development in all aspects including design resolution. 
Six DR Classes are the predefined definitions in the DR 
environment which facilitate the definition of the change 

of state of soft design information during the course of 
information metamorphosis (see below). Manipulation of 
DR Classes is designed as a simple manual process. 
Whenever designers consider a change in design 
resolution, they are only required to shift the relevant DR 
Class indicator located next to the parameter of the 
object attribute in the DBIM and the change is instantly 
made. Designers can also record the intention of every 
decision made to the object in a Design History Journal 

(DHJ) in the object attribute. By working with the DR 
Classes and DHJ, full design knowledge including 
precise design information, relevant design resolution, 
detail design intent and design development history is 
systematically captured and communicated. This 
information is then available for use by any participants 
in a collaborative design environment (Chan & Dawson 
2004). (see Figure 3). 

 

 
Figure 3: Proposed interface of an object DR attribute. 

Each design parameter its own design resolution control. 
It allows a reflective and independent control on design 

resolution in each object parameter. Design History 
Journal (DHJ) records and describes the intention of 

every design changes. (Triforma Window Frame 
modified to include DR data 
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Figure 4: Conceptual hierarchy of DR classes consists of Override, Abstract, Unconfirmed, Neutral, Confirmed and 

Frozen classes. DR Classes can be further sub-divided when necessary. 
 

Six adjustable and interchangeable DR Classes have 
been developed at present with the DR Classes able to 
be further sub-divided when necessary. Abstract, 
Unconfirmed, Neutral and Confirmed Classes describe 
four different levels of resolution of soft design 
information. Modification from Abstract (the softest or 
least resolved state) to Confirmed (the hardest or 
finalised state) Class represents the change of state from 

a highly volatile concept to a fully resolved design. The 
Frozen class is a design decision control mechanism. It 
functions as a decision lock, where only an authorised 
person can lock or unlock it. Whenever a design 
proposal is waiting for approval, relevant object 
parameters will be temporarily locked and shown as 
Frozen. An appropriate DR Class can be reassigned to 
the design proposal after it is evaluated by an authorised 
person. Override class is a unique class among the six 

which describes crucial design impacts or changes that 
affect the overall design after the completion of the 
design process. The use of the Override class will 
usually cause a substantial review on a major part of the 
completed design and assigned DR Classes (Chan & 
Dawson 2004). (see Figure 4) 

 
DISCUSSION AND CONCLUSIONS 

 
Communication of partially resolved design information in 
the construction industry has been problematic 

particularly on a digital environment. Fragmentation of 
building knowledge and the inability to reflect the 
fuzziness of design information can be a contributor to 
the situation. Within the 3D CAD based model, the DR 
environment aims to incorporate implicit design 
resolution into the collaborative design environment. With 
the provision of the overlay function (DR screen), the 
working focus of designers can shift from production to 
design. The adjustable measuring mechanism (DR class) 

provides a tangible descriptor for design resolution with 
the DHJ storing design intent and subsequent decisions 
throughout the design process. 
DR environment allows partially resolved design 
information and design resolution levels to be used and 
communicated in the collaborative design environment 
even before design decisions are finalised. Participants 
can now clearly identify and differentiate which 

information is finalised and which requires further 
development. This allows partially completed design 
information to be distributed to other designers with the 
knowledge that the level of completion of different parts 
of the design can be identified. With this information 
being made available information will be able to be 
distributed earlier in the design process. This will 
facilitate the allianced collaborative design environment 

which will be one of the characteristics of the future 
construction industry delivering quality and 
environmentally sustainable outcomes (Dawson 2004). 
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