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CHAPTER I 

INTRODUCTION 
• 

Purpose of Study 

For most professionals the process of design is more 
important than the product of design. Unfortunately, 
most (CADD) Computer Aided Design and 
Documentation systems and many CADD system 
users focus on the product alone. This product 
preference has yielded a host of drafting tools that 
mimic the construction documentation practices of 
yesterday, while not addressing the design process 
of today, nor the documentation process of tomorrow. 
[Raker, 1988, p. 1] 

The purpose of this study is to demonstrate that architects need to 

change the current building design documentation process to accord with 

technological and philosophical advances. With the emergence of Computer 

Aided Architectural Design and Documentation (CADD) systems, architects have 

a new technology in which to communicate their design ideas. Architects and 

other building team members require a new model to optimize the rewards from 

this technological advance, and form emerging systems of information 

exchange. 

The benefits from CADD can be increased when the structured design 

description is used for more than merely producing a picture. This thesis 

proposes that a building-oriented documentation model is more appropriate than 
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a model that is document-oriented as a basis for the continued development of 

computerized building design and documentation systems. 

The traditional document-oriented design communication approach has 

been fundamentally dependent on the skill, memory, creative vision, and 

knowledge of an individual designer. This was acceptable in the past, when 

there were fewer materials and products, a less litigious society, less 

sophisticated client, fewer design constraints, and a smaller building team than 

is currently the case [Ballast, 1987; Gutman, 1988; Turner, 1986; Rush, 1986; 

Ehrenkrantz, 1989]. 

This thesis uses the concept of a building team approach; that is to say 

all members of the building team collaborate throughout the entire building 

process. In this thesis the term "building process" denotes the decision, design, 

construction, and facilities' management phases a building goes through during 

its life cycle. Likewise, the "building team" refers to all specialties that are 

involved in the building process [Grant, 1986; Griffen, 1972; Rush, 1986; 

Ehrenkrantz, 1989]. The building team increases in size and complexity in direct 

proportion to the size and complexity of both the client organization and the 

proposed project [Gutman, 1988; Stasiowaski, 1993; Coxe, 1980; Rose, 1987], 

and may comprise several firms of the same discipline, each with a particular 

specialty. For example, a project may have architectural firms acting as 

designers, project coordinators and client representatives, as well as performing 

construction documentation and construction administrative services. Architects 

2 



may specialize in a building type or in a particular service that meets client 

demands for expertise in management of building complexity [Gutman, 1988; 

Rose, 1987; Stasiowaski, 1990]. 

Architects are also utilizing information technology to manage better the 

creation and communication of project information for the purpose of gaining 

some competitive advantage [Cuff, 1992]. The emergence of new technologies 

is dependent upon the ability of potential users to perceive the possibilities and 

implement a change. New technologies are generally first applied using existing 

methods and processes until a better way of employing it occurs to the user 

[Winston, 1989]. However, the rate of change depends as much on the rate at 

which architects choose to accept new techniques and technology as on the rate 

of technological innovation. The problem is not so much the tool, but its 

application. For many architects, the implications of CADD are unrecognized, 

even unimagined. 

To realize the full potential of CADD systems, it is important to organize 

building processes so that utilization of both human procedures and information 

technology is optimized [Young, 1992]. The term "information technology" is 

used in this thesis to describe modern systems, such as: computers, 

telecommunications and video, that transmit, store and process information to 

enhance the human mind's ability to communicate, remember, and think 

[Pensias, 1989]. Just as importantly, information technology has the potential to 

enhance the way architectural building documentation is done. 
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With computers emerging as viable tools for design and documentation, 

architects need an improved model through which to recognize and develop a 

full utilization of the technology's potential. This model would assist them to 

develop and communicate the analysis, synthesis and testing of their designs 

within the total building process, and better optimize the benefits from 

information technology. The model, which this thesis terms a "building-oriented 

model, II draws upon the most recent scholarship in intellectual perception and 

communications theory, as well as the possibilities inherent in new information 

technology. 

Thesis Intent 

This thesis is directed towards architects and other members of the 

building team who are concerned with shaping the future use of information 

technology in the building process. The term "building process, II as used in this 

thesis, means the whole process of the building life cycle, from development, 

design, and construction, to facilities' management. 

This thesis argues that in order for architects to combine contemporary 

concepts of perception and information exchange with new information 

technologies in the development and utilization of computerized building 

documentation systems, a building-oriented model is more appropriate than a 

model that is document-oriented. 
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The thesis argument for a building-oriented documentation system versus 

a document-oriented system will proceed to establish by example that the 

proposed model is more useful for describing and communicating the building 

description to the entire building team within the entire building project life cycle. 

Plan of the Thesis 

Chapter II explains the emerging paradigm of perception, the subsequent 

impact of this societal change in perception on architecture and on the 

understanding of the process through which knowledge, information, and data 

(KID) are developed and utilized. Data, information and its synthesis into 

knowledge will be examined as one of the basic resources of our society, with 

special implications for the practice of architecture. KID will also be discussed 

as the basic material used in documenting a building. The concept of this 

material as a valuable resource to be managed through the proposed model will 

be presented. 

In Chapter Ill, the term "model" will be defined as it applies to the 

communication and management of both graphic and nongraphic KID in the 

design and building process. A brief summary of the historical development of 

building documentation and communication will conclude with a definition of a 

document-oriented model and examples of document-oriented CADD systems 

currently in use. 
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Chapter IV, will examine the critical issues in which architects using 

CADD systems based on the document-oriented model fail both to maximize the 

full potential of information technology, and also to respond adequately to the 

dynamic interchange within a firm's external and internal environmental 

conditions. 

In Chapter V, this thesis will present a conceptual model for design 

documentation through which architects can better utilize information 

technology, demonstrating the model's improved response to the previous 

issues as well as exposing the short comings of the document-oriented model. 

A holistic building-oriented model of documentation will be proposed as the next 

evolutionary step beyond the current document-oriented model. 

This thesis will conclude in Chapter VI with a discourse on the process of 

establishing a building-oriented system, exploring further opportunities for 

architects to utilize information technology, and the possible impact that 

utilization of this new model will have on the building process and the practice of 

architecture. 
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CHAPTER II 

PARADIGM SHIFT 

Society is currently undergoing a fundamental change in perception. This 

shift derives from the fact that we are trying to apply the concepts of an outdated 

world view-the mechanistic world view of Cartesian-Newtonian science--to a 

reality that can no longer be totally explained in terms of these concepts. Our 

world is becoming increasingly complex, interconnected and interdependent in 

every facet of life. The terms 'global economy' and 'global village' are the catch 

phrases used to describe the dramatic change occurring in society today 

[Naisbett, 1982; Drucker, 1990]. What is needed is a new vision of reality; a 

fundamental change in our thoughts, perceptions, and values. This paradigm 

shift, from a mechanistic to a holistic conception of reality, is visible in all fields 

of study today [Capra, 1982, 1991; Stevens, 1990]. 

The New World Paradigm 

This new model of reality is based on an integrated systems theory. This 

departs from general systems theory based on the interrelationship of 

hierarchical systems [Lazlo, 1972]. An integrated systems theory incorporates 

some of the same concepts, but rearranges the interrelationship of these 

concepts by emphasizing the inherent dynamic nature of organic and social 

systems. It shifts from concept of a rigid and hierarchical organizational 
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structure of systems-traditionally symbolized by the pyramid--to one based on 

the interdependence of components--symbolized by the tree [Capra, 1982, 

1991]. 

The idea of a tree is a more appropriate symbol of the 
nature of stratification in living systems. As a real tree 
takes its nourishment through both its roots and its 
leaves, so the power in a systems tree flows in both 
directions, with neither end dominating the other and all 
levels interacting in interdependent harmony to support 
the functioning of the whole. The important aspect of the 
stratified order in nature is not the transfer of control but 
rather the organization of complexity. [Capra, 1982, p. 
282] 

This integrated systems approach views the oorld in terms of the 

interrelatedness and interdependence of all phenomena. In this framework a 

system is an integrated whole whose properties cannot be reduced to those of 

its fundamental parts [Laszlo, 1972; Capra, 1982, 1991J. Relationships, which 

are inherently dynamic, are emphasized over isolated entities. The integrated 

systems approach is concerned with managing complexity; organizational 

structure becomes associated with process, interrelation with interaction, and 

parts of the whole are unified through communication [Capra, 1982, 1991; 

Thompsen, 1989; Griffin, 1972; Pena, 1987; Davis & Davidson, 1991; Davidow & 

Malone, 1992; Zuboff, 1984]. 

Capra's explanation of integrated systems points the way toward the 

usefulness of this concept in understanding the building process: 

These systems are organized in such a way that they 
form multilevel integrated structures, each level 
consisting of subsystems which are wholes in regard to 
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their parts, and parts with respect to the larger wholes at 
higher levels of complexity. These subsystems have 
opposite but complementary tendencies: an integrative 
tendency to function as part of the larger whole, and a· 
self assertive tendency to preserve its individual 
autonomy. In a healthy system a balance is maintained 
between integration and self-assertion. This balance is 
not static but consists of a dynamic interplay between 
the two complementary tendencies, which make the 
whole system flexible and open to change. [Capra, 1982, 
p.273]. 

Capra's systems and subsystems need further comment, since that which 

is a system in one context can also be viewed as a subsystem or a part of a 

larger system in another context, depending on the perspective of the observer 

at a given time [Hill, 1994; Goodlett, 1992]. For example, a building can be 

viewed as a system-comprising sub-systems such as structure, envelope, 

interior, and mechanical [Rush, 1986; Hill, 1994]. A building can also be viewed 

as a sub-system or element of a larger system, i.e., a community [Hill, 1994]. 

We should understand that the perception of a system is based on the scale at 

which it is observed, according to the set values of the observer at that time. 

Thus, the scale and values of the observer at a given time form perception [Hill, 

1994; Goodlett, 1992]. 

To comprehend fully the integrated system, it is important to understand 

the symbiotic relationship between systems and sub-systems, as well as the 

dependence of an individual on his perception at a given time. Action upon a 

system at one scale impacts related systems and sub-systems and, potentially, 

the larger system as a whole. This concept, in which all systems are 
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dynamically interconnected at multiple scales, offers architects an enhanced 

ability to respond to the increased complexity of the building processes and to 
• 

overcome the limitations of traditional conventions. The dynamism and 

multidirectional nature of the integrated systems theory implies that, in 

evaluating a model of a building documentation system, it is important to 

consider how the system integrates and relates with the other design phases. 

The appropriate model thus becomes the one which enhances the chance of a 

successful building project developing out of all the values and perspectives of 

the building team at every given moment throughout the building life cycle [Hill, 

1994; Goodlett, 1992]. 

Changing Architectural View 

In contrast with Capra's dynamic and interconnected view of systems, the 

preceding paradigm--the Cartesian-Newtonian mechanistic paradigm--views 

systems as comprising separate parts that which can be reduced and studied in 

isolation, then combined in order to understand the whole system [Stevens, 

1990; Hill, 1994; Goodlett, 1992]. During the Industrial era, architecture was 

perceived in terms of man's dominance and triumph over nature [Stevens, 1990; 

Norberg-Schulz, 1983]. As nature was subdivided and transformed through 

technology, the world became perceived as a machine, like a clock. When the 

clock broke down one would simply replace the broken component and the clock 

was functional again [Stevens, 1990; Capra, 1992; Hawkins, 1988; Minski, 
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1985]. The architect Le Corbusier applied the Cartesian-Newtonian Mechanistic 

view of the world to architecture when he called the house he designed 

"machine a habiter": a machine for living [Benevolo, 1985; Curtis, 1987]. 

Management used this mechanistic model as a way of organizing people 

and machines in the work place. Essentially, workers were not viewed much 

differently than machines. For example, one of the goals of automation, as 

perceived by those committed to the old world paradigm, was to replace workers 

with machines. Managers viewed machines as more reliable than people, 

because machines never need time off, and are better suited for repetitive tasks 

[Forester, 1987, 1989; Forester & Morrison, 1990; Drucker, 1990]. In fact, 

management changed the very names of workers from "weavers" or "shoe 

makers" to "operators" [Thernstrom, 1989]. This perception is currently evident 

in the architecture profession as the title of "draftsmen" changes to "CADD 

operators" with the advent of CADD systems. This is a manifestation of how 

new technologies are first applied to current processes, which was discussed in 

the introduction. The utilization of CADD was initially limited to specialized 

workers who had skills in computer operating, but might lack knowledge about 

designing buildings. Architects used CADD operators as a way of using the new 

information technology, until the architect's understanding of information 

technology increased. As architects utilized information technology directly the 

need for CADD operators was eliminated. This is a more efficient system, as it 

reduces the number of people needed to design and to communicate the design, 
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as well as reducing the time needed to ensure clear communication of the 

design intent to other building team members. 

As society's understanding of the world has changed, the model in which 

man dominates, controls, and exploits nature has also changed to an integrated 

systems model wherein man is a part of a larger organism comprising 

interrelated and interdependent sub-systems. Man is neither set apart from the 

universe, nor its center, but functions as an integrated part. It is only recently 

that society has begun to understand that to affect the fragile balance that exists 

in nature implies the corollary of being affected by that balance [Capra, 1982; 

Bateson, 1972]. 

Society is in the midst of a paradigm shift--a fundamental change in 

ideas, perceptions, and values--and an increase in the scale of awareness 

[Capra, 1975, 1982; Churchman, 1979; Goodlett, 1990; Kuhn, 1970; Laszlo, 

1972; Stevens, 1990]. This paradigm shift requires the development of a new 

perception by architects to assist the profession as it struggles in today's 

demanding business environment. The need to optimize the use of information 

technology, and to modify professional organizational structures is compelling; 

these modifications are vital to the development of strategies that integrate 

human processes, information systems and technology toward a competitive 

advantage [Kalay, 1987; Mitchel, 1977; Olsen & Kurent, 1988]. Architects can 

use information technology to increase productivity and improve quality, thereby 

reducing costs. More importantly, architects can increase their value-creating 
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activities, such as design and building analysis, thus creating strategies for 

diversification. Design professionals will learn to provide new, as well as 

traditional services, to improve the quality of services, and to customize 

services for an increasingly sophisticated client's specific needs [Catalano, 

1990; Mitchell, 1977; Stasiowski, 1993; Schmitt, 1988; Stitt, 1980, 1984]. This 

idea of exponential growth in quality relates to an earlier discussion of changing 

paradigms, where Capra describes systems as inherently dynamic and 

interconnected. Quality as it applies to professional services is determined by 

the condition of the market place. Therefore, quality exists in the perception of 

the individual experiencing service, and is based on the values of that individual 

at that time [Hill, 1994; Pirsig, 197 4; Stasiowaski, 1993]. As architects are able 

to increase their perceived value to the client by focusing more of their work on 

defining and solving complex problems, they will gain economic advantages. 

This will also allow architects to develop strategies for diversifying services, 

enhancing their ability to cope successfully with internal and external change. 

Stasiowski states: 

The economic forces at work in the world are upsetting 
even the best strategic plans of design firms everywhere. 
No one expected the kind of change we witnessed in the 
early 90s. In the 70s and 80s, design quality and service 
could differentiate you from a competitor. Not so in the 
90s, as everyone is selling quality design and great 
service. The firm that provides the most highly valued 
service and that delivers those services with the highest 
level of accommodation to the client...and the firm that 
takes its clients to places they never even dreamed 
of ... these are the firms that will truly prosper. They'll be 
charging the highest prices, yes but simply because they 
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will be of the greatest value to the cash tight, 
overburdened, time-conscious client. [Stasiowski, 1993, 
p. 2] 

To excel, design firms must adopt strategies that create a continual 

stream of new services customized to a specific client's needs [Stasiowski, 

1993]. To support this continual innovation, architecture firms must manage the 

expert knowledge of their employees and effectively communicate this expertise 

to their firm and the building team. How effectively they do so will be an 

important key to their continued survival and future success [Drucker, 1993; 

Gero, 1988; Goodlett, 1992; Stasiowski, 1993; Catalano, 1990]. 

Knowledge. Information. and Data 
as a Valuable Resource 

Because society has entered the 'information age,' "We now mass-

produce information the way we used to mass-produce cars. In the information 

society, we have systematized the production of knowledge and amplified our 

brain power" [Naisbitt, 1982, p. 7]. Architects can now begin to envision a level 

of information technology that acts more intelligently and can represent KID 

[Tofler, 1980; Goodlett, 1992] with a higher degree of accessibility, flexibility, 

and ease of use than through conventional manual means. With increasing 

ease of creating, obtaining, and processing KID, there has been a 

corresponding increase in demand for the utilization of KID. However, the 

demand is specifically for a higher quality of KID in a form easily assimilated. 
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Society presently is moving into the "age of knowledge" [Drucker, 1993; 

Gero, 1988; Thomsen, 1989; Davis & Davidson, 1991; Davidow & Malone, 

1992]. Data and information are valuable commodities within society [Naisbitt, 

1982], but the knowledge to apply this material to the specific problem at hand is 

of higher value [Stasiowaski, 1993]. To cite one example: 

International economic theory is obsolete. The 
traditional factors of production-land, labor, and capital-
are becoming restraints rather than driving forces. 
Knowledge is becoming the one critical factor of 
production. It has two incarnations. Knowledge applied 
to existing processes, services, and products is 
productivity; knowledge applied to the new is innovation. 
[Drucker, 1993, p. 80] 

Data and information and its synthesis into KID is now one of the basic 

resources of our society, and is vital to knowledge-based occupations such as 

the practice of architecture [Drucker, 1993; McCorduck, 1983; Stasiowski, 1993]. 

KID is a key resource. The organization, retrieval, analysis, and communication 

of KID is essential for the success of an architectural design firm in the 1990's. 

The creation, management, and communication of KID is much of what is 

expected of an architect [Griffin, 1972; Rush, 1986; Burstein & Stasiowski, 

1982]. "The architect is expected to know, or be able to find out, virtually 

everything about the building sciences" [Witte, 1987, p. 116]. Everything an 

architect does; from programming to sketching ideas to holding meetings to 

managing employees to marketing to producing construction documents, 

generates KID. Currently we have created processes only for the synthesis of 

data into information like character recognition or language translation 
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application programs. The conversion of human experience into knowledge still 

requires primarily human processing. However, in limited, well-defined 

problems, such as ADA (American with Disabilities Act) compliance, lighting, 

and structural analysis, 'expert systems' utilizing rule-based logic can provide 

expert knowledge that the designer can consult in the course of solving the 

problem [Harmon, 1985]. 

A conceptual change has already occurred in the medical and science 

professions regarding information technology. For these professions, 

information technology is not only a means to store, retrieve, and process data, 

but also is a knowledge-based system that augments the capacity of the mind to 

deal with complex issues [Burnett, 1987; Catalano, 1990; Davis & Lenant, 1980; 

Drucker, 1993; Feigenbaum & McCorduck, 1983; Harmon & King, 1985; Minski, 

1985; Borkovich, 1994; Leffler, 1994; Zimmerman, 1994]. In a like manner, a 

broadening of the architects' perception of information technology is 

necessitated by the increase in building complexity, the corresponding increase 

in the number of persons in the building team and their various kinds of 

expertise, and the increasing societal pressure to be better informed and more 

knowledgeable. With the proper use of information technology architects would 

be able to process more information and consider more options, in greater detail 

than ever before. As the computer industry matures and the architect's ability to 

harness this tool improves, his processing capacity will increase. The design 

professionals' ability to utilize KID to address problems of increasing complexity 
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will not only improve the quality of existing services but also create new services 

to meet specific needs of clients' expectations, which will be shaped by the 

dynamics of the market place. In the future, the design firm will need to be 

totally supported by the new information technology [Borkovich, 1994; Leffler, 

1994; Zimmerman, 1994; Catalano, 1990]. 

The tools, techniques and process of design and construction of buildings 

has changed with time, as have the roles of AlE's, constructors, and the rest of 

the building team [Lawson, 1990; CSI Manual of Practice, 1992; Rosen & 

Heineman, 1990; Poage, 1987, 1990; Class & Koehler, 1976; Turner, 1986]. 

These changes in the building process reflect the ever-changing needs of 

society and current cultural values [Turner, 1986]. In establishing a conceptual 

framework for understanding the building process and the organizational 

relationships of KID, there must be a realization that these processes are in the 

midst of change: thus, older models of information-sharing can no longer inform 

the conceptual framework. A basic understanding of the emerging world 

paradigm compels the profession to create a new model that will allow it to adapt 

the processes and organization of the building documentation systems 

throughout the building life cycle to these fundamental changes in society's 

perceptions and values [Silverman, 1993]. 

To explain documentation systems of today, it is appropriate to look back 

to the origins of the need to document the planning and communicating of 

building designs. Chapter Ill provides a historical overview of the development 
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of construction documentation, as well as basic information about the purpose of 

and the relationships among the various documents. This chapter will conclude 

with definition of the term "model" as it applies to the communication and 

management of both graphic and nongraphic KID within the design and building 

process. 

18 



CHAPTER Ill 

HISTORY AND DEVELOPMENT OF 

BUILDING DOCUMENTATION 

The key to effective economy and success in building construction is 

clear, correct, complete, and concise communications throughout the 

construction documents, as we learn in the Construction Specifications Institute 

(CSI) Manual of Practice, 1990. It follows that effective communication of the 

design KID depends largely upon the coordination, as well as the content, of the 

components of the construction documents. KID must be readily accessible, 

logically and obviously placed, clearly and simply stated, in order to be 

considered as systematically coordinated. 

When modeling the building process as a communication system, it is 

important to understand semiotics "the theory of signs" [Doughterty, 1990, p. 5]. 

In any communication system there is a sender, a receiver, and a medium of 

exchange for data and information. 

What we learn from the study of semiotics as it applies to the evolution of 

construction documents is a recognition that both the sender and receiver 

interpret the message based upon their perceptions, values and experiences. 

Thus, there is no communication system that is completely accurate. Something 

is always lost or misinterpreted in translation. "While differences do exist in 

approaches to the notion (of communication systems), most share the growing 
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belief that people who are communicating negotiate power and authority in the 

making of meaning" [Silverman, 1993, p. 8). When viewing ~he building process 

as communication system, clear, concise, open communication of KID is 

important to eliminate errors and as much miscommunication as possible. 

Historical Development of Building Documentation 

Everyone involved in the process of building construction benefits from a 

well conceived set of construction documents, as Noah discovered. 

Make yourself an ark of resin (gopher) wood; make 
rooms in the ark, and cover it inside and out with pitch. 
This is how you are to make it; the length of the ark will 
be three hundred cubits, its breadth fifty cubits, and it 
height thirty cubits. Make the roof ( or window) for the 
ark and finish it to a cubit above; and set the door of the 
ark in its side; make it with lower, second, and third 
decks. [Genesis 6: 14] 

Historically, a society's technological advancements have been 

exemplified in the built environment, but architectural documents remained 

relatively uncomplicated for many centuries because of the simplicity of 

materials and products, a less litigious society, a less sophisticated client, fewer 

design constraints, and a smaller building team [Ballast, 1987). These and other 

critical issues shaping contemporary building documentation systems will be 

elaborated in Chapter IV. 

Through ancient and medieval times the art of construction 

communications was largely achieved by using simple drawings and the most 

basic of technical specifications. This documentation was further supplemented 
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basic of technical specifications. This documentation was further supplemented 

by the direct supervision of master builders (architects) through verbal 
• 

instructions issued on the construction site. The practice of making models 

dates back to antiquity, though ancient models seem not to have been intended 

as tools for realizing buildings, but seem to be used only to memorialize a 

building after construction [Kostof, 1977; National Gallery Of Art, Washington, 

DC, 1994; Italian Renaissance Architecture Exhibit, 1994]. 

The process of designing a building in Renaissance Italy, according to 

the architect and theorist Leon Battista Alberti, required the creation not only of 

preparatory drawings but of three-dimensional models made to scale. In 

Alberti's view, the architects' ideas could be successfully translated into 

realizable projects only through careful analysis of both drawings and models: "I 

have often conceived of projects in the mind that seam quite commendable at 

the time; but when I translated them into drawings, I found several errors in the 

very parts that delighted me most, and quite serious ones ... when I pass from the 

drawings to the model, I sometimes notice further mistakes in the individual 

parts, even over the numbers. [Models]. ... enable us to examine ... the work as a 

whole .. and, before continuing any further, to estimate the likely trouble and 

expense" [Leon Battista Alberti, On the Art of Building, 1486]. Architects made 

models for many reasons. They used them to study and assess their designs, 

as Alberti recommended, and to guide workmen in the course of construction. 

Presentation models were also used in submittals for design competitions, as 
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well as presented to clients to gain their design approval. Whereas study 

models were a practical tool that architects used to work out design problems, 

presentation models were intended to sell their designs [National Gallery Of Art, 

Washington, DC, 1994; Italian Renaissance Architecture Exhibit, 1994]. 

Increasingly, in the fifteenth and sixteenth centuries, models were used in 

every phase of the architectural design process, from the development of initial 

ideas to the presentation of finished schemes [National Gallery Of Art, 

Washington, DC, 1994; Italian Renaissance Architecture Exhibit, 1994]. Study 

models were used by architects as a means of modeling architectural problems 

and were primarily concerned with structural analysis. In the 1600's Galilee, and 

later Robert Hooke, used models to investigate structural behavior. The use of 

mathematical models to describe structural behavior appeared in the early 

1800's, and statically determinate structures could be solved by the 1870's 

[Stevens, 1990]. Thus symbolic models of building structures using 

mathematics is a recent development. Since the Renaissance, models have 

continued to be fundamental tools of the architectural profession. Various types 

of models will be identified, and the specific distinctions between physical and 

symbolic models will be defined later in this chapter. 

By the seventeenth century a contractual element was added in the form 

of written agreements between kings and their builders, thus establishing all of 

the fundamental elements of construction communications [CSI Manual of 

Practice, 1990]. 
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Construction Documents Defined 

Construction Oocuments, which form the common medium of 

communication between all parties involved in the construction process, consist 

primarily of the agreement, conditions of the contract, drawings, and 

specifications [CSI Manual of Practice, 1990]. 

Construction Documents: the drawings, specifications, contract addenda, 

and modifications are the documents that describe the building, and can be 

further simplified into graphic and non-graphic information. The drawings, or 

graphic information, describe the quantity, size and location of building 

components. Currently, within the building industry, the graphic information is 

presented as two dimensional graphic representations of the three dimensional 

object being designed, and is called "working drawings." The nongraphic 

information, which describes the quality and workmanship, is called 

specifications. These standardized documents are organized and prepared by 

the Architect/Engineer (AlE), and communicate the project design and the 

construction contract to the general contractor. Contract documents are defined 

as the legally enforceable requirements that become part of the owner/ 

contractor agreement when the contract is signed. According to CSI, they 

include all of the construction documents except bidding requirements [CSI 

Manual of Practice, 1990]. 

CSI's membership is derived from all disciplines of the construction 

industry-specifiers, architects, engineers, contractors, owners, and construction 
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product representatives. CSI's primary purpose is to advance construction 

technology by improving communication, education, research and service 

throughout the construction industry. CSI seeks to improve the communication 

of information among the building team within the building industry through the 

preparation of standards and organization of construction documents. 

The CSI's overall organization of documents is shown in Figure 1 [CSI 

Manual of Practice, 1992; Greenwald, 1987]. The elements of construction 

documents can be explained as follows: 

• Bidding requirements are used to attract bidders and 

explain the procedures to be followed in preparing 

and submitting bids, which include the invitation to 

bid (or advertisement), information and instruction to 

bidders, bid forms and requirements for bid security. 

• Contract forms include the form of agreement 

between owner and contractor that will be used, any 

necessary performance bonds, labor and materials 

bond, and other certificates that must be executed. 

• Contract conditions include the general conditions of 

the contract for construction. These outline the 

rights, responsibilities, and duties of owner and 

contractor (as well as architect and possibly 
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construction manager), and any supplementary 

conditions specific to the project. 

• Specifications outline the levels of quality and the 

standards to be met in the construction of the project; 

the format recommended by the CSI and 

incorporated into many industry standards and 

products. 

• Drawings documentation of the architectural, 

structural, mechanical, electrical, civil, landscape, 

and interior design of the project. Also included are: 

• Addenda to any of these documents issued during 

the bidding or negotiations phase. 

• Contract modifications, ·in the form of order for minor 

changes in the work, change orders, and construction 

change directives. 

As defined and diagrammed in Figure 1, these elements of the 

construction documents may be assembled, in various ways, to comprise the 

bidding documents, contract documents, and project manual. 

The bidding documents are all of the documents required to bid on or 

negotiate the construction agreement. They are identical to the construction 

documents with two exceptions: bid and contract forms are not executed, and 

there are no contract modifications. 

25 



The contract documents form the legal agreement between owner and 

contractor. They include all of the construction documents except the bidding 

requirements. The project manual includes the documents that can be bound 

into book format, including the bidding requirements, contract forms and 

conditions, and specifications. 

The construction documents serve multiple purposes: 

• They communicate to the owner what the project 

involves-in detail. 

• They establish the contractual obligations of the 

owner and contractor to each other during the project; 

they lay out the responsibilities of the architect, 

construction manager (CM), or any other party 

administering or managing construction contracts for 

the owner. 

• They communicate to the contractor the quantities, 

qualities, and relationships of all work required to 

construct the project. The contractor will, in turn, use 

the documents to solicit bids or quotations from 

subcontractors and suppliers. 

• They may be the basis for obtaining regulatory and 

financial approvals to proceed into construction. 
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To advance these purposes, construction documents include three basic 

types of information: 

• Legal and contractual information (generally bound 

into the project manual prior to specifications Division 

1 ). 

• Procedural and administrative information (generally 

Division 1 of the specifications, and portions of Part 1 

of each specifications section). 

• Architectural and construction information (generally 

found in Divisions 2 through 16 of the specifications 

and on the drawings). (CSI Manual of Practice 

Greenwald, 1987). 

Although this thesis primarily focuses on building documentation as a 

communication system, this must be understood in context of the building 

process with all the types of project Kl D. 

The integrated systems approach, as explicated in Chapter II, may be 

interpreted as the whole being greater than the sum of its parts. A system is 

both system and subsystem, depending on the perspective of the observer at a 

given time [Hill, 1994; Goodlett, 1992]. This premise informs this thesis by 

arguing that building documentation systems must not be judged solely on how 

effective they are in building documentation. The integrated systems approach 

argues that it is important also to consider how the system integrates with other 
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information systems, enterprise wide, and among the rest of the building team 

throughout the building life cycle. This life cycle of interrelationships as it exists 

in the building process specifically applies to this thesis in what it implies for the 

communication of KID among the building team. The management of KID must 

go beyond project-related activities to integrate with the AlE's internal firm 

operation as an Enterprise Workflow System [Borkovich, 1994; Leffler, 1994; 

Zimmerman, 1994]. "Enterprise WorkfloW' hereafter (EW) describes the 

process by which the entire building team utilizes information technology in the 

management of KID. EW implies the integral use of information technology by 

the many members of a given enterprise (a building team) to enhance 

communication internally, within each member's organization, and externally, 

among the other various disciplines, to plan, design, construct, and manage a 

facility. EW entails all aspects of each organization of the building team from 

project related task to overall financial and practice management [Borkovich, 

1994; Leffler, 1994; Zimmerman, 1994]. 

Interrelationship of Project Phases 

The building process moves through a series of phases from inception to 

demolition with variations that depend on the nature of the work, the needs of 

the owner, and the type of contract. The precise beginning and end of a project 

depends on the point of view from which it is defined. As illustrated in Figure 2, 

the theoretical"life cycle" of a project runs from the inception of an idea to the 
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eventual demolition of the construction and the site's subsequent re-use. Some 

projects may be adapted and reused for a new purpose, .or preserved and never 

demolished [CSI Manual of Practice, 1992]. 

The chronological sequence of phases within the life cycle of the building 

process move in a linear progression within an overall cyclical process. The first 

phase in the progression is the decision stage, where definition of need, 

feasibility study, predesign, and planning occur. Next is the design stage, which 

comprises a schematic design phase (SO) design development phase (DO), 

and construction documentation phase (CD). The delivery stage is the 

construction of the building. The progression concludes with the operation and 

maintenance stage during building occupation. While the stages of a building's 

life cycle are linear, one stage may overlap adjoining stages. For example, later 

portions of the decision stage may be in progress at the same time as schematic 

design. Also, when using a fast track delivery process, construction begins 

before the design is completed. Feedback loops are necessary along which the 

internal and external exchange of information can flow when moving through the 

life cycle of the building to respond to new or updated information. Feedback 

loops and error checking mechanisms are necessary specifically as they apply 

to this thesis during the design stage [Asimow, 1962; Pena, 1987; Rowe, 1987]. 

There is a greater emphasis on the communication of design ideas when 

viewing the design process as an act of a diverse group--the building team--than 

as an act of a individual designer. Visually this is represented in Figure 3. 
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Each of these stages can be further broken down into phases which are 

common to most design and construction projects: 
• 

1. Decision Stage: 
a. Planning/Pre-Design Phase 

-Assembly of development team, including owners, 
--Economic design (market and feasibility studies), 
--Site selection, 
--Program and budget, 
-Construction cost projections, 
--Schematic design, 
-Land acquisition (option, lease or purchase), 
-Preparation of financing package for submission to 

prospective lenders; 
2. Design Stage: 

b. Schematic Design Phase; 
c. Design Development Phase 

--Financing negotiations (for mortgage and construction loans); 
d. Construction Documents or Final Design Phase; 

3. Delivery Stage: 
e. Bidding/Contract Negotiation Phase; 
f. Construction Phase; and 

g. Post Constructions Phase. 

For a summary of the various project phase activities, of the 

responsibilities of the owner, AlE, and the contractor throughout the project 

cycle as well as the types of documents created during each phase, refer to 

Figure FF/PP-2 [CSI Manual of Practice, 1992; AlA Handbook of Professional 

Practice, 1988]. 

The construction documentation phase is the final phase of the design 

stage. This thesis is proposing a new information model in which to base the 

development of building documentation systems. Thus, it is concerned with the 

design process at one level, as well as how the design stage integrates with the 

decision, delivery, and occupation/maintenance stages at another level. It is 
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decision, delivery, and occupation/maintenance stages at another level. It is 

important to understand how decisions are made during the design process in 

order to judge the potential impact of a new building documentation information 

model at the design stage. Architectural design is a purposeful activity in which 

decisions are made about the physical form of buildings and their components 

using models in response to goals related to the building's intended purposes 

[Pena, 1987; Gero, 1987]. 

Design Process Model 

Most models of the design process subdivide design into four phases-

analysis, synthesis, evaluation and communication--and illustrate it as a 

sequential process spiraling from abstract to more concrete ideas about and 

descriptions of the design proposal (Figure 4) [Pena, 1987; Rowe, 1987; 

Lawson, 1990]. 

Analysis is the first stage of the design process and "... involves the 

exploration of relationships, looking for patterns in the information available, and 

the classification of objectives" [Lawson, 1990, p. 27]. "Analysis is the ordering 

and structuring of the problem into goals and a plan of action ... To translate 

goals into plans we synthesize the Goals in conjunction with the Function, Form, 

and Context of the work into a unified whole" [Pena, 1987]. Therefore, synthesis 

is characterized by an attempt to move forward and create a response to the 
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problem and generate solutions [Lawson, 1990]. The major activity of synthesis 

is the forming of concepts [Hill, unpublished]. 

There are numerous complexities and possibilities to any 
given design situation in architecture. To cope with this 
complexity we form concepts in which we "render'' the 
discriminately different things equivalent. This enables 
us to group together elements that have real differences 
and classify them together based on their common traits. 
[Hill, unpublished] 

Design synthesis is the activity of making decisions within a design 

language based on design goals under project specific constraints, using 

models. Based on whether the decision will further design goals, architects tend 

to work within a language of design that is peculiar to an individual, a school, or 

a time. According to Gerhard Schmitt in Mircro-Computer Aided Design, 

"language is a high-level of abstraction to describe and represent reality. 

According to McKim, "a language consists of a set of rules by which symbols can 

be related to represent larger meanings" [Schmitt, 1988, p. 67]. John 

Summerson in his essay "The Case for a Theory of Modern Architecture" (1957), 

Sumerson wrote: 

The conceptions which arise from a preoccupation with 
the programme have got, at some point, to crystallize 
into a final form and by the time the architect reaches 
that point he has to bring to his conception a weight of 
judgment, a sense of authority and conviction which 
clinches the whole design, causes the impending 
relationships to close into a visually comprehensible 
whole. He may have extracted from the programme a 
set of interdependent relationships adding up to a unity 
of the biological kind, but he still has to face up to the 
ordering of a vast number of variables, and how he does 
this is a question. There is no common theoretical 
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agreement as to what happens or should happen at that 
point. There is a hiatus. One may even be justified in 
speaking of a missing architectural language. [Mitchell, 
1957, p. ix] 

Mitchell and Summerson believe that there is no unified architectural 

language. Thus, it can be deduced that an information system for the design 

stage must be flexible enough to allow designers to establish and modify their 

own architectural languages at will. Project information must be placed into a 

structured pattern, otherwise it is rapidly forgotten. Information is conserved in 

human memory by use of simplified ways of representing it. In his book, Graphic 

Thinking for Architects and Designers, Paul Laseau elaborates that designers 

need to expand their range of graphic languages. "The thinker who has a broad 

command of graphic languages not only can find more complete expression for 

thinking but can also recenter thinking by moving from one graphic language to 

another ... in effect he uses language to expand the range of his thinking" 

(Laseau, 1980, p. 61]. It is also important to note the interdependence of 

thinking and communicating. Thus, it can be deduced that an improvement in an 

architect's ability to communicate will also expand his thinking and the quality of 

design [Laseau, 1980]. 

"(Evaluation) involves the critical (appraisal) of suggested solutions 

against the objectives identified in the analysis phase" [lawson, 1990, p. 27]. 

This becomes the critical design activity, where the judgment and experience of 

the architect become critical to the success of the building. Much of the design 

KID comes from the building team working with models, and only when the 
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models are sufficiently complete are they translated by contractors into a 

building in the delivery stage. Models are used to describe and inform design 

decision making. The evaluation of these design decisions is not of the finished 

building, but of the design model. The results of this evaluation is a valuable 

form of project KID, because it better informs our design intuition [Hill, 

unpublished). 

When architects describe building forms they refer to existing 

constructions of physical materials in physical space, but when they describe 

design they make decisions about constructs of the imagination in response to 

goals related to the proposed building's intended purpose [Gero, 1987]. These 

design decisions are communicated through some sort of model, either a 

physical or a symbolic model, rather than a real building. The selection of model 

and media used to create it impact design [Mitchell, 1972, 1990; Schmitt, 1988; 

Stevens, 1990]. Mitchell illustrates this point in the preceding statement by 

comparing traditional drafting systems with CADD systems. 

Designers often establish design worlds implicitly, 
through their choices of design media and instruments. 
A drawing board and traditional drafting instruments, for 
example, establish a Euclidean design world .... When a 
computer-aided design system is used, the data 
structure and its associated operations establish the 
design world. [Mitchell, 1990, p. 38] 

A general understanding of types of models is necessary in order to 

evaluate which model is more appropriate for representing the design to the 

building team. Models are never a perfect or complete representation of reality, 
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if only because we do not have complete information about the real world. The 

usefulness of a model as a means of providing KID to support decision making 

should be compared to the information that would otherwise be available. See 

Figure 5 [Gero, 1987]. 

Models Defined 

"Physical" [Schmitt, 1988; Laseau, 1980]: "analog" or "iconic" [Gero, 

1988] models can be drawings, studies or final presentation models that can be 

made, for instance, of cardboard or plastic. There are also "symbolic" [Gero, 

1988; Mitchell, 1990; Mitchell & McCulough, 1991; Schmitt, 1988], models using 

mathematics and geometry that are commonly structured electronically in the 

computer. Models vary in complexity depending on the level of abstraction 

needed. There is no need to simulate every detail and feature of the original, 

only to represent those aspects of reality that might bear upon the problem to be 

solved [Gero, 1988; Laseau, 1980; Stevens, 1990; Schmitt, 1988]. For example, 

"In an analog model, the various properties of the original are represented by 

properties of quite different kinds in the model. A map does not, except at a very 

abstract level, look like the ground it represents: roads and political boundaries 

are represented by lines; different heights are represented by contours, and so 

on" [Gero, 1988, p. 15]. A graphic legend is needed to explain the relationships 

between parts of the model and the parts of reality. Photographs, paintings, and 

sculptures may offer a closer depiction of people, objects, or scenes than an 
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analog model representation. They are referred to as "iconic models," because 

the relationships between the parts of the model and the parts of reality are 

obvious. Architectural drawings are difficult for laymen to understand, because 

they are a mixture of iconic and analog models [Gero, 1988]. 

The use of computer-based symbolic models have some advantages over 

traditional physical models. Symbolic models require designers to explicitly 

define their assumptions. With the assumptions clearly declared, it is easier to 

test whether the model is a reasonable representation of reality. Symbolic 

models generally provide more information than physical models and have the 

capacity to change important parameters that better simulate the abstraction of 

reality. This is commonly referred to as "what if' analysis, where the designer is 

able to look at many design scenarios. Changing the size or materials of a 

physical model is labor and cost intensive, but an easy task in a symbolic model 

[Stevens, 1990; Gero, 1988; Schmitt, 1988]. Symbolic models are better for 

communicating project KID to the building team, because of their ability to 

change the level of representation or simulation required for a specific viewer at 

that point in time. 

Creating models as medium for abstracting reality in design is 

fundamental to understanding proposed designs and to achieving design goals. 

It is important to consider the design of the communication interface, which is 

the project model, between the designer(s), the building team and information 

technology. As mentioned earlier in this thesis, this should be considered with 
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the understanding that the ultimate goal of information technology is not to 

replace the designer, but to assist the designer to cope with increasing 

complexity of design problems and to amplify his capabilities to consider more 

options in greater detail, in less time. 

Computers represent the geometric properties of objects extremely well 

and, as technology matures, with growing ease. A computer model can now 

substitute for a manually-built model. While both physical and computer models 

allow views of the object from different perspectives, the computer model 

normally takes less time and fewer expenses to construct and to change 

[Schmitt, 1988]. 

"Since design is purposeful, part of the process of formulation involves 

relating the organization of the problem to the design goals. The process we 

call design includes the formulated model of the problem, and the designer( s )" 

[Gero, 1988, p. 19]. Within the design process decisions are made, then the 

results are evaluated, and finally one or more objectives are identified. These 

activities can each be performed inside or outside the formal model. 

Architecture is concerned with concepts, ideas, judgment and experience. 

All of these appear to be outside the realm of traditional computing. Human 

beings discourse with each other using models of their worlds largely unrelated 

to either mathematical descriptions or procedural representations. They make 

use of knowledge about objects, events and processes and make declarative 

statements about them. These are often written down symbolically. The limits of 
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traditional computing are that it is unable to represent and manipulate 

knowledge in an explicit and coherent form and that. it is unable to perform 

symbolic computation [Gero, 1986]. 

Gero conveys the lack of conventional computer information systems to 

provide architects and the rest of the building team with a higher quality of 

project KID to assist them in managing the increased complexity of the building 

process. The traditional document-oriented model relies on the architect or 

other building team members to draw meaning from the symbolic conventions 

used. The various symbolic models are useful in the design and communication 

process. The task of evaluating design options requires the judgment and 

experience of the building team, and becomes the most valuable activity within 

the building process. In Chapter IV, the document-oriented model will be 

defined and the critical issues in which this model fails to maximize the full 

potential of information technology will be examined. 
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Figure 5. Design synthesis as the making of decisions within a 
language and within constraints, using models and 
information that relates decisions to goals [Gero, 1987, 
p. 7]. 
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CHAPTER IV 

DOCUMENT-ORIENTED MODEL 

In Chapter Ill, the historical evolution of building documentation was 

discussed within the context of the building process and specifically within the 

design process. Models were defined and described as the primary medium for 

exploring, communicating, and evaluating designs among the building team. 

This chapter describes the current document-oriented model, on which most 

conventional CADD systems are based. This is followed by a discussion of the 

critical external and internal issues that this document-oriented model fails to 

address as effectively as the proposed building-oriented one. 

Definition of Document-Oriented Svstems 

A document-oriented system is one in which the primary product of the 

design professional are documents describing and communicating the quality, 

quantity and contractual relationships of the parties involved in the construction 

process as described in the definition of construction documents in Chapter Ill. 

The primary emphasis of a document-oriented system is the management and 

production of the final means of communicating building design--the construction 

documents. The current system emphasizes the process of drafting the 

documents that describe the object being designed, rather than the building of a 

description of the object being designed. The model of a document oriented 
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system relies on standardization and integration of documents within and across 

disciplinary lines. 

For example, Fred Stitt, author of Systems Drafting, 1980, states the 

current mind-set when describing the evolution from manual drafting to 

document-oriented drafting. 

One of the main problems that AlE's have when being 
introduced to new systems is losing sight of what 
working drawings are for. They think their role is to 
draw. They believe drawings are a means and the end. 
Quality in drafting is not necessarily the same as 
producing quality construction documents. In fact, they 
may be mutually exclusive. AlE's and drafting staff have 
to revise their perception of their job from that of drafting 
working drawings to one of producing graphic 
construction information. Drawing is only one of the 
ways of producing this information. [Stitt, 1980, p. 2] 

Architects must bear in mind that they are in the business of designing 

buildings, rather than of producing drawings that describe buildings. Ultimately 

architects are in the business of assisting clients with their building needs, which 

include the design of buildings, the communication of these designs to the 

building team, and the coordination of the building team during the design 

phase. Often, architects also represent the client in administering the 

construction contract as well. It is therefore advisable for designers to maintain 

control of the means and methods of designing and constructing their designs, 

because they are then in touch with important feedback mechanisms for testing 

their design solutions. The document-oriented method is the same whether the 

drafting tool is a computer or a pencil. CADD has vastly improved the accuracy 
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and uniformity of documents, but the organization of the information has 

remained the same. CADD systems have also enabled architects to more easily 

generate three dimentional (30) views for building documentation. Some 

improvement in productivity has occurred by automating repetitive tasks either 

by manual reprographic techniques or computerization. This increased 

productivity has been achieved through standardization of documents and their 

components, and elimination of needless repetition of graphic and non-graphic 

information through the employment of systems drafting, systems graphics, and 

ConDoc. Refer to Figure 6 for a diagram of document-oriented CADD system. 

The concept behind systems drafting and systems graphics recognizes 

that much information used in the creation of working drawings and 

specifications is the same from project to project. Instead of drafting this 

information anew in each instance, the use of reprographic techniques recycles 

this information from project to project. Overlay drafting is an approach in which 

individual drawings, such as plans and elevations, are subdivided into 

component parts: dimensions, exterior walls, etc. These components are 

organized and managed by subdividing the components into layers of 

information. In systems drafting, layers are limited by the transparency of the 

media. The component parts are independently drawn on transparent media, 

allowing various staff and consultants to work with these components and 

update them. In CADD systems an unlimited number of layers can be used, as 
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well as the component parts can be represented as two dimensional or three 

dimensional. 

Con Doc system, sponsored by AlA, provides a standardized framework 

for the production of working drawings and linking them with specifications 

through using CSI's Master Format five-digit numbering system as keynote 

designations in the working drawings. Keynotes are a way of standardizing, 

improving quality control, and eliminating repetition within working drawing 

notations. Notations on drawings using keynotes can be keyed back to a 

master list of notes for each working drawing sheet. The standardization of 

working drawing notations using keynotes enables the most knowledgeable 

architect to maintain consistency and quality of these notations. Keynotes also 

reduce redundancy of project notations, enabling consistency and improving the 

efficiency of changes within project notations [ARCH, 1990; Stitt, 1986]. Master 

Format will be discussed in the next section as an example of CSI's 

standardization of project communication within the building industry. 

The Role of Standardization 

Another common problem is the lack of standardization within the building 

industry from nomenclature to the format of electronic project KID. For instance, 

similar building components are called by different names in various parts of the 

country, even though sheet rock, gypsum board, and wall board all mean the 

same thing. Standardizations allow people from the same or different disciplines 
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within the building team to interact with one another. There are two basic 

standards: internal standards, that are used within a discipline, and interface 
• 

standards, that transcend disciplines. Examples of standards that transcend 

disciplines are the CSI's UniFormat classification of building systems, and 

Master Format classification of building elements (Figure 7). Standards are also 

being established internationally, such as the metric system of measurement, 

which is used by most nations, except for domestic building in the United States 

building industry. 

Most of these standards are just emerging, primarily because standards 

take a while to be adopted. First, people have to identify the need for the 

standard. Then, consensus must be achieved with all those who have gone 

their way in developing internal standards, before it will be adopted. In moving 

from an internal standard to an industry standard, it is expensive to revise and 

this generates resistance to change. The key to progress is always to adopt the 

highest level of standard that exists [CSI Manual of Practice, 1990]. 

UniFormat classification system was developed as a standard to organize 

costs, details, etc. around building systems used in the early design stages (SD 

and DD phases). Not enough project decisions have been made by this point in 

the building life cycle to perform a detailed component estimate (quantity-take-

off estimate) using Master Format five digits numbering system. Master Format, 

for purposes of simplification, relates items to materials. For example, concrete 

is found in Master Format section 03300, yet concrete can be found in 
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foundation systems, envelop systems, and many other building systems. The 

location of a material does affect its cost, properties and method of placement. 

This type of standard is the basis for automating project KID. It can be used by 

several disciplines for cost, value engineering, classification of details, and 

payment of contractors. 

Standards are the foundation that the building industry must establish. 

Many new ideas within the building industry have been created, only to die 

because of lack of acceptable industry-wide standards. But the development of 

standards is only the first step. Once standards exist in a traditional paper 

media, they must be computerized and made an integral part of information 

systems. These standards must also be flexible enough to adapt to the various 

approaches of the different manufacturers, developers, and individual building 

team members using them. 

Strategic thinking is needed to make educated guesses about the future, 

which are not solely based on history but are shaped by innovation in both 

product and process in response to the demands of the marketplace. The 

argument for a building-oriented model over a document-oriented model is 

based on how each model addresses both current and future internal and 

external issues of architects and the rest of the building team. The following are 

internal issues: 
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1. Cost Control: The need to improve cost control in response to a greater 

rationality, sophistication, and complexity of client organizations in response 

to their increased costs of purchasing, operating and maintaining buildings. 

2. Design Communication: The need to improve the communication system 

among and between building team members in response to increased size 

and complexity of the building team. The increased complexity of the 

building team has evolved to better serve the needs of client organizations. 

There is also an increased need to communicate better the building design to 

meet the following external factors: 

3. Complexity of the Design of Buildings: As the complexity of buildings has 

increased so has the amount of governmental regulation that the building 

team is required to meet in order to protect the life, safety, health and welfare 

of the general public. 

4. Public Awareness: An increase in public awareness and activism in regard 

to the built environment. 

5. Risk and Liability: The increase risk and liability exposure for the architect 

and the rest of the building team in regards to the previous issues and the 

United States current legal system. 

Issue 1: Cost Control 

Clients have historically increased demands for less expensive buildings. 

This has produced pressure on the building team to create new tools and 
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processes that increase productivity and improve quality. Over the last two 

decades, the need to document building systems has become more imperative 

because building scale, complexity of building systems, and size of the building 

team have increased [Stitt, 1980; Rush, 1986; Ballast, 1987]. Each innovation in 

the tools and techniques for the production of construction documents increases 

the need to plan and manage human resources and the process of production 

[Stitt, 1980; Rush, 1986]. 

Since World War II construction documentation has been the most labor 

intensive phase of the design process [Gutman, 1988; Cuff, 1993]. To meet the 

client's demand for less expensive buildings in the past decade, architects have 

increased their employment of information technology to design and, more 

specifically, to produce construction documents. Architects have achieved this 

savings through increased productivity, improved accuracy, and quality control. 

As the amount of time and manpower required to produce construction 

documents is reduced, construction documents have changed, becoming less 

labor intensive and more knowledge intensive. The cost of using information 

technology-purchase price, maintenance costs, and the expense of continual 

training of users-cause architects to seek the most cost effective uses of this 

investment. They have discovered that it is more economical to have a 

knowledgeable architect trained in the use of information technology actively 

involved in the design of buildings, rather than to have architects working 

through CADD operators with limited understanding of architecture. The former 
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effectively eliminates the middle man--se that the designer directly communicate 

his design to the rest of the building team via information technology--thereby 

reducing overhead, labor costs, and the chance of miscommunication. As stated 

in Chapter II, an example of how the architectural profession first applied 

conventional processes to a new technology was the use of CADD operators as 

an intermediate step beyond traditional draftsmen. CADD operators, who 

required additional knowledge about the use of CADD systems, were used until 

the development of an improved process was realized for using information 

technology. This constituted a fundamental shift from labor intensive building 

documentation to knowledge intensive processing, using information technology. 

Issue 2: Design Communication 

Construction is now a major industry which represents 8% of the annual 

Gross National Product (GNP) of the United States [Hasegawa, 1988]. There 

are few human endeavors that require more coordination and communication 

skills than the work of the team that designs and directs the creation of a modern 

building. The architect devotes a great deal of time to preparing this "package" 

of information. The rest of the building team spend a comparable amount of 

time interpreting and following such documents. Owners will invest large sums 

of money in the creation of construction documents. Within the current market 

conditions, construction documents are considered a price competitive 

commodity [Stasiowaski, 1993]. Therefore, changes in information technology 
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will increasingly require knowledgeable architects, utilizing computer systems to 

create a building-oriented description of the building design. By substituting for 

manual drafting and typewriting time, as well as CADD operators, the production 

of construction documents will become less labor-intensive and more knowledge 

intensive [Greenwald, 1987]. 

Issue 3: Complexity of the Design of Buildings 

As outlined in the brief history at the beginning of Chapter Ill, the master 

builder not only designed the building, but also directed or managed the 

construction process, thus the level of design documentation required was 

minimal. The design/build approach still goes on in many parts of the world 

today. However, as mentioned in the introduction to this thesis, these jobs are 

generally divided among a host of specialists that consist primarily of the 

architecUengineer and the general contractor or construction manager. The 

architect's primary function is now the building design; its form, envelope, 

structure, mechanical and interior systems [Rush, 1986] and the integration of 

external factors like government regulations, local and regional environmental 

standards, and legal liabilities [AlA Handbook of Professional Practice, 1994]. 

The architect defines the work and communicates the design intent to the 

contractors through construction documents. During the construction stage the 

architect generally administers and interprets the intent of the construction 
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contract, and documents the flow of information throughout the process [AlA 

Handbook, 1988, 1995]. 

Issue 4: Public Awareness 

Building users are r:nuch more aware and involved in the decision making 

within the building process. This could be in response to a change in how 

organizations are managed, which relates back to the paradigm shift to 

Integrated Systems Theory. Organizations are shifting from a centralized 

controlled model to one that is decentralized, much the way architectural design 

teams are organized. The document-oriented CADD systems and the traditional 

construction documentation process is geared toward communicating the design 

intent to the general contract as a part of the contract documents. The building 

description is not translated in a form appropriate for all other participants within 

the building process because with the document-oriented system this is too 

expensive 

Issue 5: Risk and Liability 

Our society has increasingly become more litigious, which drastically 

increases the cost of buildings. Every architect can be expected to be sued at 

least twice during his career (AlA Handbook, 1994). Architects are increasingly 

being made responsible for justifying their design decisions and must be able to 

document their decision making process as a means of risk management. 
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Media of Communication 

The documentation process from design to construction documents is a 

continuous process of development and refinement, and should not be viewed 

only in an isolated way. Current attempts at using the computer as a tool to 

automate isolated activities in design, documentation, and management has 

provided few overall gains in productivity compared with traditional methods. 

Information is still primarily communicated among the building team through 

paper rather than electronically [ARCH, 1993]. 

Even in a computer-intensive scenario, an architect may 
create drawings electronically but give printouts to the 
engineer or cost estimator. The consultant then selects 
information from the drawing and enters it into the 
computer through a discipline-specific analysis program. 
Later, the contractor receives paper documents and 
redraws them electronically as shop drawings. And 
eventually, the owner receives as-built drawings. If each 
party creates its own electronic data from scratch, the 
efficiency of automation is lost. [ARCH, 1993, p. 97] 

Viewing the design process as an act of a diverse group (the building 

team), rather than that of a single designer, places a greater emphasis on the 

communication of design ideas, and acknowledges the newer paradigm of the 

integrated system. 

With the traditional document-oriented system, the design is represented 

by plans, sections, elevations, axonometrics, and perspectives, all comprised of 

lines. The 30 models with all relevant attributes, object, and functional 

information are only mentally recorded by the architect and the building team 
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[Schmitt, 1988]. The traditional external communication medium, such as paper 

documents, have no intelligence of their o~n. and act primarily as a temporary 

or permanent storage device for design ideas. In a hierarchical fashion, 

drawings are transmitted by the architect and interpreted by the receiver, who 

draws meaningful conclusions from them. Thus, the flexibility to customize the 

model to the receiver's specific needs at any point in time is greatly reduced. A 

document-oriented system relies on an older model of society and fails to 

recognize the importance of the receivers' perceptions in the development of the 

construction documents. 

Integration 

The integration of building documents can be viewed on several levels. 

An isolated level of how KID is integrated within the construction document 

phase that occurs between the specs and the working drawings. The link 

between graphic and non-graphic KID is a critical one. Specs and working 

drawings are usually prepared by different personnel in a design firm, and 

generally are not adequately coordinated before they are issued. Most 

problems with building documentation in the field, cost overruns, and lawsuits 

are caused by conflicts within the drawings and specifications [CSI Manual of 

Practice, 1992]. 
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Secondly, integration of project KID must occur through the entire project 

life cycle, across specialties, disciplines and building team members in order to 
• 

realize the improved benefits from automation. 

As established earlier, the CSI Manual of Practice states that construction 

documents are used to communicate the design to the general contractor. Thus, 

all the other building team members must reinterpret and translate this project 

KID into a format differing that are most appropriate for differing understanding 

and actions. For example, a framing crew would have to reinterpret the 

dimensions on the framing plan in order to properly layout the rough framing of a 

building. Traditionally, architects dimension to the center of openings or to the 

rough opening employing the standard stringline method of dimensioning. 

However, a framer would prefer to view a framing plan that was running 

dimensions, that facilitate laying out of the framing plan on the construction site. 

The framer must reinterpret the construction documents by consecutively adding 

the dimensions in the dimension string. 

Symbols are a sub-system that, in this case, represents a level of 

approach to the examination of failings of document-oriented construction 

documents to fully utilize the potential of information technology. Symbols are 

fundamental abstraction of standard components that make up a building. 

These symbols can be of a component of the building envelop system; such as a 

2x4 or steel column; or interior system, such as a chair or water closet. Symbols 

as used in document-oriented systems are a grouping of graphic and 
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non-graphic elements that can be repeated throughout the working drawings. It 

is an important concept of symbols that they be global and not tied to an 

individual drawing or drawing layer [Milliken, 1988; Mitchell, 1977, 1990]. This 

allows the building team greater control over the modification and reuse of 

symbols throughout the building process. 

The underlying issue in discussing symbols is how the document-oriented 

system manages project KID. A document-oriented system fails to maintain 

consistency and concurrency because it becomes very difficult, after a few 

drawings, to manage and maintain data integrity as well as allow simultaneous 

multiple discipline access to project KID. The document-oriented CADD system 

reinforces the traditional divisions of labor by discipline and trade, while limiting 

to conventional means the transfer of KID paper between building team 

members. 

The link between the graphic and non-graphic attributes of document

oriented CADD symbol is one-way. While this may allow the designer, in a 

graphic view (such as a view of a floor plan), to assign and modify the non

graphic data, he cannot assign or modify the associated graphic attributes while 

in a non-graphic view, such as a view of the specifications. These symbols are 

organized into libraries for ease of management and access. Many document

oriented systems treat symbol libraries in a global manner. There may be a 

hundred projects and a thousand different drawings referring to the same symbol 

of the chair, but it is always going to look the same. Furthermore, whenever a 
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change is desired in the way that chair looks or any other of the data attributes 

associated with that chair (such as make, manufacturer, color, cost, etc.). It is 

instantly reflected in every instance of it in every drawing where it was used, 

because it is stored independently of the drawing. The symbol of the chair in the 

drawing view is only a pointer or a key. This pointer directs the document

oriented CADD system to find the instructions for replicating this symbol--usually 

contained in a drawing library. 

Building science is changing. Integration should be paramount as the 

building team design and work together to hold down costs, to adapt to new 

technologies, and to invite innovation. Architects need better methods of 

applying existing tools as well as new systems to assist in managing the huge 

amount of Kl D that make up a project. 

A building-oriented system (hereafter BOS) is a method that has evolved 

from a document-oriented system (hereafter DOS) for how the computer will be 

utilized by AlE's and the building industry. As stated in the introduction of this 

thesis, the BOS is a shift in emphasis from that of focusing on the process of 

producing drawings and specs to that of building a model of the object being 

designed. BOS replaces the focus of DOS, wherein the architectural profession 

relies on current manual documentation processes and employs these 

processes in information technology. This has caused the development of 

drafting tools that copy the outdated manual construction documentation 
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practices, not addressing the future potential of information technology: building

oriented systems. 

Documenting how one arrives at decisions in the design process is 

important, especially with the current dictates of the legal environment. Also 

externalizing the designer's thoughts and processes can lead to a better 

understanding and refinement of the intuitive art of design and a subsequent 

improvement of the design product. The primary attributes of a building-oriented 

model will be discussed in Chapter V. 
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Figure 6. Document-Oriented CADD System. 
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CHAPTERV 

BUILDING-ORIENTED MODEL 

OF DESIGN DESCRIPTION 

Building-Oriented Documentation Svstem 

Ivan Sulivan, pioneer in computer graphics, has said, "a computer aided 

design system is most useful when the structured design description inside the 

computer can be used for something besides merely producing a picture. When 

the process of CAD is considered as building a description of the object being 

designed, rather than a process of drawing the object being designed, horizons 

become tremendously expanded" [Milliken, 1988, p. 1]. A system based on a 

building-oriented model would contain and manage all the project KID and allow 

fuller analysis of design decisions, as well as allow documentation of all 

decisions throughout the building life cycle. This would act as another form of 

externalizing the expert knowledge within an organization that less experience 

designers could more easily access; that would be impossible with a CADD 

system based on a document-oriented model. Because a building-oriented 

systemic symbolic base system (SSB) would be an integrated whole, the project 

KID could be viewed as needed at any given time with better visualization than a 

"DOS." 

The model of a building-oriented CADD system requires a basic change 

in the architects' perception of the computer as a tool. CADD must evolve from 
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a drafting tool, as this thesis proposes, into a sophisticated and accurate 

modeling tool. This tool facilitates the development of a detailed three 

dimensional building description. Architects are able to generate three 

dimensional models of a building using a document-oriented CADD system. 

However, even though the design is modeled three dimensionally in a 

document-oriented system, the user is still required to interpret and derive 

meaning. Structural and energy design analysis and simulations cannot be 

performed on a document-oriented 3D model, because the model is still 

basically comprised of lines which have no meaning except what the viewer 

interprets them to have. A BOS would document the design decisions within the 

building process, and allow the analysis, synthesis, evaluation, and 

communication of design ideas in real time. The BOS would contain all graphic 

and non-graphic KID about a project. A CADD system based on a building

oriented model would require a fundamental change in computer use by 

architects and the building team. The building team would develop a detailed 

description of the building and of the building & maintenance process throughout 

the building's life cycle (Milliken, 1988; Mitchell, 1990]. Integral to the success 

of a system based on a building-oriented model is how the project KID would be 

managed. Refer to Figure 8 for a diagram of a building-oriented documentation 

system. 

The CADD system should be primarily oriented towards producing 

buildings, not simply documents describing the building [Milliken, 1988; Raker, 
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1988; Mitchell, 1990]. Because design, construction, and maintenance of 

buildings are the real goals of the buildin,g process, the documents are only a 

means to an end-communicating the design intent to the building team--not an 

end in themselves [Stitt, 1982, 1984]. 

The concept of a database "is a collection of information that has been 

stored semi-permanently in computer memory for some particular purpose, and 

given a structure appropriate to that purpose" [Mitchell, 1990, p. 17]. A 

database that might encompass a building design typically contains files of 

geometric image and text data. An SSB is therefore an evolutionary step 

beyond managing data. Presently, most databases have only a limited 

understanding of the meaning of the KID they contain [Parasaye, 1989]. An 

SSB is simply not a collection of files, but a natural way of managing KID-

making this material easy to store, access, and use at various scales of detail for 

analysis and decision making [Parsaye, 1989]. 

An SSB is an evolutionary concept of the database, in that the collection 

of both graphic and non-graphic data, information, and knowledge (which is 

currently primarily rule based) are organized relationally. According to 

Webster's Dictionary, systemic means, "affecting the entire bodily system." A 

symbol or sign is, "a mark or character used to represent an idea or object" 

[Webster's Dictionary, 1983]. A symbol as described earlier would include the 

concept of human perception [Doughterty, 1990]. The essential characteristics 

of an SSB are: that it is flexible, easy, and natural to use, can handle and link 
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large amounts of KID in a seamless and transparent fashion, and show KID to 

the user at the scale and value required. An SSB manages all data types--
• 

numbers, letters, and graphic elements--thus allowing the user the flexibility to 

decide how best to communicate the KID at a given time. 

The entire building team would use the SSB for storing and retrieving 

design KID. Refer to Figures 9 and 10. This accessibility can be achieved with 

a disintegrated relational model. The proposed building-oriented CADD system 

is based on a disintegrated model for the storage of design KID; to aid 

coordination and to enforce consistency while enabling all members of the 

design team to work with the most recent project Kl D. 

In fact, there are problems in allowing several people to update 

concurrently, while at the same time enforcing consistency. The disintegrated 

model offers very good concurrency at the expense of some kinds of 

consistency. It is better suited to a multi-disciplinary design process using 

distributed (internal office LAN networking) or separate computer systems 

(external integration WAN). 

In describing a disintegrated SSB design and documentation system, the 

discussion will focus on the following components: 

1. The systemic symbolic database: Procedures for manipulating and 

interrogating the systemic symbolic base within the building process 

among a physically diverse building team. 
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2. The user interface (inpuUoutputl: Viewing and communicating KID with 

the user and among the building team. 

As stated earlier, the SSB describes the project in terms of entities, 

associated attributes and relationships between the entities. The principal 

objectives in designing a building-oriented system are: 

1. Comprehensiveness: The system should describe all relevant aspects of 

the design. 

2. Non-redundancy: Information should be stored once only. This 

distinguishes the SSB system from a document-oriented system or a set 

of drawings where information is duplicated many times, and the 

possibilities for incompatibility are manifold. 

3. Consistency: The data should represent a feasible building, not a 

random accumulation of possibilities. 

4. Concurrency: The design SSB should be available to all disciplines of 

the building team at all times, so that everyone is working with the most 

recently entered project-KID. 

In manipulating and interrogating the SSB, consistency is the most 

difficult objective to achieve, because coordination and systems integration still 

require primarily human processing and negotiation. Maintaining consistency is 

a semantic requirement that can be achieved by one of the following three 

approaches: 
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1. Define manipulation procedures that are only capable of converting one 

consistent state into another. 

2. Develop a set of consistency "constraints," against which all changes 

must be validated. 

3. Allow inconsistencies, but within the framework of a special occasional 

consistency check procedure. Rectification is carried out by the 

designers. 

The problem of maintaining consistency in a database subject to multiple 

concurrent updates can be easily illustrated by the following example: An 

engineer is locating a fire hose cabinet on a partition, while simultaneously, an 

interior designer is locating a cupboard, and an architect is moving the partition. 

Even if consistency rules state that cupboards and fire hose cabinets must be 

fixed to partitions, and that spatial clashes are not allowed, the outcome could 

easily be a fire hose cabinet and a cupboard occupying the same space, and the 

wall located somewhere else. 

Consistency can be maintained when the record describing the wall is 

locked. This allows other building team members to look at the record, but they 

are forbidden to update their changes to the architect's database. Conversely, 

the architect can be prohibited from updating, if another building team member is 

looking at the wall. The designer often views many records, and may go through 

many design iterations (analysis, synthesis, evaluation, and communication) 

before making a final design decision and saving the transaction to the SSB. 
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The designer must be given the ability to rollback, that is to withdraw the 

updates and change the decision if a better design approach is conceived. This 

idea is best described as providing the designer with a system for performing 

"what if' analysis, and may be conceptualized as "design space." This would 

allow the designer to immediately view (either graphically and/or non 

graphically) the ramifications of projected design decisions from varying scales 

and values. Flexibility of duration and number of records locked can vary, 

ranging from a few minutes to a few days, depending on the circumstances. 

More than one record should be allowed to be locked, and the duration should 

be for more than one work session, without locking the entire database. This 

would allow for the greatest accommodation to the individual work habits of the 

building team. This coordination between disciplines and building systems 

occurs continually throughout the building process. 

Concurrency, as it relates to this thesis, is defined as simultaneous 

access to the same KID by multiple building team members. Concurrency and 

consistency of a database or SSB are mutually inconsistent objectives, and it is 

best to go with high concurrency at the expense of consistency. In this case, 

consistency between sub-models cannot be enforced, but can be checked when 

required. As discussed earlier, a building is a complex dynamic system, where 

the whole is greater than the sum of its parts. There must be a mechanism for 

conflict resolution between components (at a detailed level) and systems (at a 

holistic level) caused by design changes (decisions). This would also allow for 
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the resolution of conflicts arising from simultaneous design decisions made by 

various building team members, as described in the example of the partition 

wall, fire hose cabinet, and cupboard. The SSB would inform the designer of 

any conflicts and assist the designer with formulating possible design solutions. 

While the complex problem-solving task of systems integration still requires 

primarily human processing, the SSB can assist through rule base knowledge 

systems (expert systems) by providing KID at the appropriate time in an 

appropriate form that is easily assimilated. Thus, the SSB is a tool which better 

informs the designer's inclination within the design process. The SSB has a 

high availability of (not quite up-to-date) KID. The disintegrated model has 

advantages in giving each discipline control of its own KID, while working in 

separate computer environments. The CADD system must coordinate multi

disciplinary use of KID. A complex team must have simultaneous access to the 

KID by multiple disciplines. 

The basic notion of disintegrated modeling is to subdivide project KID into 

independent records and databases. There are four ways of disintegrating a 

systemic symbolic base: 

1 . Geographically-split into spatially separate parts in different locations. 

2. By model type-or example a graphic design model may be separate 

from an on-line construction cost database, or a manufacturers product 

database or MasterSpec database system. 

70 



3. By discipline--Architecture, Engineering, Interior Design, and Landscape 

Architecture. 

4. By element--concrete, fixtures, HVAC ducting, etc. 

These subdivisions appear to the building team members as a unified 

database, but in actuality the disintegrated database reflects the traditional 

subdivisions of project KID, as done in practice, into separate databases. For 

example, the architect may evaluate the integration of the building envelope, 

structure, interior, mechanical, superstructure, substructure, and mechanical 

systems, without being aware that the database is disintegrated. The systemic 

symbolic base appears as one source of KID unless its disintegrated elements 

are needed separately. 

Building-Oriented Systemic Symbolic 
Database and Horizontal Integration 

This type of system can support effective horizontal 
integration of design processes around project 
databases (SSB)--centralized, nonredundant 
descriptions of designs. All design decisions and 
changes are recorded in the project database so that it 
always provides a definitive, up-to-data source of 
information about the current state of the design. 
[Mitchell, 1990, p. 364] 

All members of the building team are provided with views of the project 

KID that are appropriate to their needs and roles: a mechanical engineer sees 

mechanical loads and duct layouts, but is shielded from extraneous detail about 

interior finishes and fixtures; while the interior designer sees detailed 
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descriptions of interiors, but not of the building's structural elements [Mitchell, 

1990]. 

A project building-oriented SSB must also be integrated with library 

databases that contain descriptions of standard components, assembly details, 

component costs, or even complete subsystems. These descriptions of 

standard components would include the three dimensional size, weight, mass, 

color, etc. Gateways are the mechanism through which relational database 

management systems access non-native databases, such as an on-line products 

database (Sweets Catalogues). This ability to seamlessly integrate multiple 

relational database systems minimizes data redundancies and inefficiencies 

inherent in most enterprise-wide systems [Leffler, 1994]. 

Using an SSB gives the designer the potential to associate graphic 

symbols with their design intent and decision making process, rather than 

having these symbols simply represented as lines. This is called intelligent 

symbology. Intelligent symbols are not only graphic elements--polygons, lines, · 

and texturing-but all the attributes and behaviors that the architect and 

structural engineer understand the building or building elements to truly have, 

are represented. Costs, specifications, and construction processes would also 

have their associated symbols, allowing the building team to address 

constructability and life cycle maintenance of the building earlier in the process. 

There should be flexibility in the creation of intelligent symbols, linking 

non-graphic KID to graphic elements, and allowing the building of non-graphic 
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attributes ahead of, or in conjunction with the graphic element, rather than after 

the fact [Milliken, 1988; Mitchell, 1990; Oxman, 1990]. Intelligent symbols can 

be easily repeated, either directly or with minor modifications, within a project or 

on different projects. This allows the use of standardized graphic elements with 

associated specifications and designers' intent to be repeated. Since many of 

the steps in designing and communicating a design are repetitive, either within a 

given project or among similar projects [Stitt, 1985], the designer can be more 

efficient if needless repetition of steps can be eliminated. 

The powerful benefits of linking non-graphic and graphic KID in real time, 

utilizing a building-oriented system are illustrated as follows: The architect 

creates a 3D graphic model of a city, and then he is able to use his system to 

move through the model, selecting any building within the model, and 

immediately accessing all the KID, graphic, numeric, and alphanumeric data 

related to the building and its subsystems--such as construction documents, 

financing, leasing and maintenance. This KID could be expressed in any form, 

at any scale or value, that the architect wishes to view at the time. 

A building-oriented system using intelligent symbols as components of an 

SSB enables the designer to include notes and to process calculations as 

attachments to graphic elements. The task of recording the process may 

become much like an electronic Post-It Note, or acquire such complexity as, for 

instance, a spatial linkage capable of being constantly updated. If the architect 

decides to place a window four feet from a column, the building-oriented SSB 
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will reflect this decision, since as stated earlier, intelligent symbols are defined 

as the integral linking of graphic an~ nongraphic KID, that have the designer's 

intent or decision process embedded with the symbols. When the location of the 

column changes, the architect's design decision associated with the intelligent 

symbol of window-and-column is activated. The window and wall would 

automatically be rearranged within the building model [Mitchell , 1990; Parsaye, 

1989]. Therefore, it is clear that the use of intelligent symbology enables the 

architect to easily manipulate and communicate KID to every member of a 

diverse building team. 

Joining 

In a document-oriented system, when a symbol indicates a piece of 

furniture, for example, the symbol is not really given. What is given is a pointer 

or a name of a symbol that automatically refers to the symbol library, where all 

the basic drawing information associated with that symbol exists in a 'many-to

one' type of join. In an SSB, relationships are not necessarily predefined. They 

can be produced as needed by a process called joining. In this context, joins 

are based upon data that match each other. Whether a symbol is a one-to

many or a many-to-one join depends on which way it is being viewed. A one-to

many join determines how many occurrences of a specific symbol there are, 

counting for example the total number of type Ch-1 0 chairs. A many-to-one type 

of join determines the manufacture, color, type, cost and other specific attribute 
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data of the Ch-1 0 chair symbol. A many-to-many join could be illustrated by a 

structural beam connected at both ends. The integration of graphic and non-
• 

graphic attributes of KID in the systemic symbolic base is an example of a one

to-one type of join. In this case, for every chair defined graphically there is a 

table with a record of alphanumeric data that relates to it. Ideally, the chair 

should appear to the user as a single entity [Milliken, 1988; Mitchell, 1977, 

1990]. 

As stated in Chapter IV, many document-oriented systems treat symbol 

libraries in a global manner. There may be a hundred projects and a thousand 

different drawings referring to the same drawing of the chair, but it is always 

going to look the same. Furthermore, whenever a change is desired in the 

appearance or any other of the data attributes associated with that chair (such 

as make, manufacturer, color, cost, etc.), it is immediately reflected in every 

instance where the chair was used in a drawing because it is stored 

independently of the drawing. In a BOS it is an important concept that symbols 

must be global, not tied to an individual drawing, or drawing layer is 

implemented [Milliken, 1988; Mitchell, 1977, 1990]. 

Nesting or Recursive Joins 

Another important concept in the use of symbols is that it should be 

possible to nest them with each other. Nesting is similar to a recursive join, 

where continuous repeating of a match among tables occurs between 
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comparable attributes in the same domain [Batini, 1992]. For example, a nested 

symbol or recursive join could be used to make a symbol of a typical office 

furniture layout, comprising a group of symbols representing a desk, chairs, 

credenza, etc. With a nested symbol, there would be no need to explode each 

chair or desk symbol in a typical office design into its basic line elements. The 

Kl D embedded within these symbols would remain and be represented in the 

symbol library of items. Some document oriented CADD systems do not allow 

this, however. It is important that architects be allowed to nest down to several 

levels in many of the applications that they use. Whether the chair symbol is 

placed on a floor plan view as an individual chair or whether it has been defined 

as part of a group of symbols representing standard office types or conference 

room types, the chair should retain its uniqueness as a symbol. It is also 

important that if the architect decides to change a particular chair symbol that 

this change should be reflected in every instance, whether it was inserted as a 

single instance or as part of a group in the case of a typical office symbol 

[Milliken, 1988; Mitchell, 1977, 1990]. 

The SSB should allow the architect to make changes on symbols 

individually, in groups or globally, thus creating new symbol definitions. In a 

document oriented CADD system it is up to the architect to manually maintain 

consistency between graphic symbols, as well as to manually attribute data 

contained in the model. For example, if a change is made in the specification of 

a chair from square to circular, it is necessary to change a symbol in every 
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instance where that symbol was used. In a building-oriented systemic symbolic 

base this is done automatically. The symbol contents are never stored as part of 

a drawing, but refer to a symbol library using pointers [Milliken, 1988; Mitchell, 

1977, 1990; Schmitt, 1988]. 

A building-oriented SSB system also allows the architect to decide how 

many symbol libraries are to be defined and used, since a systemic symbolic 

base is flexible in defining entities [Milliken, 1988; Mitchell, 1977, 1990]. The 

nature of an entity is arbitrary. It is up to the architect to decide what entities are 

important enough to manage and to reference. For example, a door knob may 

be an attribute of a door, or an object by itself. This would depend on whether a 

catalogue of door knobs is required. The code official checking the building 

design for compliance with ADA merely needs to see that the door knobs are 

located at the appropriate height and are of a lever type. A material supplier 

needs all the detailed specifications before recommending a door knob. The 

context and scale in which KID, in this case regarding doorknobs, is being 

viewed, requires of the system that architects be able to prioritize KID. This 

allows the building team to view KID from many different viewpoints. 

Composite Symbols 

A composite symbol is a symbol that is nested to a level where the 

different nested symbols contain information generated by various building team 

members. This information is managed by composite symbols and layers as a 
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way of restricting what is seen at any given view. For example, an interior 

designer may specify a symbol of a room type (for instance a typical office 

furniture layout containing nested symbols of a desk, chair, file cabinet, and two 

guest chairs). The nested symbols still contain all their attributes with the 

additional relationship as a typical office layout given. For every room type that 

is done, it is important to integrate as many possible systems--lighting systems, 

power and telephone connections, the partition system and the doors--as to this 

entity. The object is to design a particular room. It is not as productive to let 

each discipline work alone. Composite symbols allow the team to design a 

single coordinated entity that is correct. This data appears on different layers in 

different drawing views at different times and at different scales. As long as the 

entity is designed as a coherent system, this entity can be viewed in many 

different ways. 

Viewing Project KID in an SSB 

There are several reasons why a building-oriented computer model of the 

building design enables better visualization. First, a building-oriented model's 

SSB allows unlimited ways of viewing the project model using predefined views 

(a floor plan, or a cost estimate) as well as views defined as they are needed 

(the number and the eventual location of steel framing members as they arrive 

on the construction site on a day-by-day basis). This flexibility to communicate 

the building model in a form best suited to the intended receiver reduces the 
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time necessary for that member of the team to assimilate this KID, and apply it. 

This reduces the feedback time between the development of an idea, its 

representation on an external medium, and its realization. A large number of 

design variations can be observed, and invalid solutions can be discarded 

quickly. 

The key to effective communication with the building team is the 

receiver's understanding of the designer's intent. This KID must be an integral 

part of the building-oriented design model. A building-oriented model would 

provide unlimited views of the building design, because it is not solely restricted 

to conventional paper media. The building-oriented model would enable the 

design to be communicated in a host of media, such as computer animation, 

multi-media, and virtual reality [Goodlett, 1990]. 

An essential advantage of a building-oriented system is that the design of 

the model exists independently of how it is viewed [Parsaye, 1989]. The 

building-oriented system mirrors the reality of how a building design is 

constructed [Milliken, 1988; Raker, 1988]. Flexibility in viewing and 

manipulating the KID is necessary because predictability regarding the number 

and frequency of reports, and of how these reports will be summarized and 

formatted, is limited. Therefore, the structure of the system should be 

generalized in order to accommodate these uses [Milliken, 1988; Mitchell, 1990; 

Parsaye, 1989]. 

79 



Report Writer 

The SSB of a building-oriented system offers methods of viewing KID in a 

number of ways, primarily on the monitor screen, or on paper. A third possibility 

for viewing KID, still in its early stages of development, would be virtual reality 

[Goodlett, 1990]. A report writer selects KID and formats it in the way the 

architect (or any building team member) wishes to see it. There is also a 

transaction screen designer, used to format a view of the KID when it is updated 

[Milliken, 1988; Mitchell, 1990; Raker, 1988; Zutphen, 1990]. 

The output, or paper copy, generated by a building-oriented model's 

report writer looks the same as if it were created using a word processor or a 

document-oriented CADD system. The plotted drawings could have been 

created by the equivalent of a word processor for lines--a traditional document

oriented CADD system--or by the report writer of a building-oriented model. 

There would be no way of determining how it was created by looking at the 

paper output. The distinguishing feature between the building-oriented model 

and the document-oriented CADD system is not in the end product, but in the 

process of creating a design model. The building-oriented model would allow for 

a greater amount of analysis, ease of synthesis and testing of design scenarios 

among a diverse and physically dispersed building team. 

The real value of a building-oriented model is that it captures the 

meanings and process of the building team throughout the building life cycle in 

an electronic form. The SSB is able to maintain and manage a higher quality of 
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KID, thus reducing the time required for professionals to interpret, synthesize 

and test this KID. Also, the SSB supports the internal and external exchange of 

KID among a diverse building team in the process of creating a coordinated and 

integrated design [Milliken, 1988]. 

Multi-Disciplinary Use of Project Knowledge. 
Information. and Data 

As the building team has become more specialized, traditional 

communication systems have begun to fail [Milliken, 1988]. A building-oriented 

CADD system must coordinate multi-disciplinary use of the project KID. A larger 

and more specialized building team is required to cope with the increase in 

complexity of the building design and construction [Griffen, 1972; Portman, 

1976]. Corresponding to the increase of the building team is an increased 

demand for simultaneous access to the project KID by multiple disciplines and 

building team members [Milliken, 1988]. A building-oriented SSB unites the 

diverse building team through the flexibility of a universal electronic model of the 

building. This model would contain the visual locations and quantity attributes of 

building components formed by the architect and engineers and the quality and 

workmanship attributes of these elements formed by the specifier and 

contractors. The SSB captures the meanings and relationships of symbols used 

to represent building components (at a detailed level) and systems (at a holistic 
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level), so that any component or system changes will cause the automatic 

updating of and maintenance of the integrity of the whole. 

In conclusion, a building-oriented system is a better model for 

documenting the building than a document-oriented one. The building-oriented 

documentation system must solve the conceptual and theoretical problems 

facing architects, as well as manage the usual documentation problems. 

Separating the process of creating the model from that of viewing it, where the 

modeling process simulates the actual construction process, allows AlE's to 

design and describe the process of construction as well as the finished product. 

The building-oriented system links both graphic and non-graphic Kl D in a 

cohesive design model. Also, the ability to document decisions is as important 

as the decisions themselves. It is imperative to be able to understand from 

whence the decision is derived in order to apply it to the design process. The 

ability to store the process of design as well as the documentation of the design 

allows for greater clarity and more complete communication of the project Kl D 

among the building team. "The role of CADD as an isolated documentation tool 

is as flawed as is the notion that the architect can only play a role in the up-front 

aspects of the life cycle of a building for a client" [Lorimer, 1988, p. 6]. 
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CHAPTER VI 

CONCLUSION 

A Building Documentation System based on a Building-Oriented Model 

addresses the issues of: (1) cost control, (2) design communication, (3) 

complexity of the design of buildings, (4) public awareness, and (5) risk and 

liability better than a system based on a document-oriented model. 

Issue 1: Cost Control 

BOS increases the efficiency of the communication within the building 

process by eliminating redundant project information and the recreating of 

project information within and among building team members. For the benefits 

of BOS to be fully realized, the building team must work as a cooperative 

coordinated group, rather than the current adversarial relationship. With the 

benefits of the increased quality of communication among the building team, 

mistakes and miscommunication can be greatly reduced. A higher quality of 

project KID, especially during the early design stage, would allow designers to 

make better informed intuitive decisions and address more project issues earlier 

in the design process, within the building process. The later a project decision is 

changed, the more costly it becomes. Thus, it is an important strategy to 

minimize changes by more knowledgeable decision making. 
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Issue 2: Design Communication 

BOS would improve the rate of communication between building team 

members and assist the architect or team leader in coordinating the building 

process. The ability for building team members to encode their design decisions 

through the use of intelligent symbology and their access to th~ most complete 

project KID, facilitates clear, correct, and concise communication which aids 

project decision making. 

Issue 3: Complexity of the Design of Buildings 

BOS would allow government regulators to query the SSB and optimize 

the building description to verify that the health, welfare, and safety of the 

general public is met. This type of system would also be valuable for 

government entities to manage the increasing amount of information on building 

and infrastructure. The government may even be able to save money by 

reducing the amount of information it manages. This could be done by requiring 

the building team to maintain building KID and allowing the government limited 

access. The team member who creates project KID would still retain ownership, 

and this would be even more secure by limiting government involvement in the 

management of information. 
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Issue 4: Public Awareness 

BOS would increase the amount and quality of building information 

available to the public. Thus, the public awareness would be enhanced and any 

possible conflicts resolved earlier in the design stage when it is less expensive 

to change than later after it is built. 

~ssue 5: Risk and Liability 

Risk and liability exposure would be greatly reduced, because of the 

increased quality of project KID maintained, managed, and communicated 

throughout the building's life cycle. The building-decision making process would 

be documented, allowing for improved evaluation and improving project quality 

control by all building team members. 

New Opportunities for Improving Design Process 

A project information system that is based on a building-oriented model, 

rather than a document-oriented model will enable designers to explore new 

methods of design which take advantage of the power of information technology. 

This chapter discusses three types of design models; simulation, generation, or 

optimization and the characteristics of each [Gero, 1986], and it concludes with 

the ultimate goal of architectural information systems for the building process. 
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Simulation Design Model 

The effectiveness of a model involves substantiating that the relationships 

expressed in the description of the system approximate those that exist in reality 

[Gero, 1986]. If decisions and objectives are outside, we have a model that 

simply describes some state of the design in either static or dynamic terms. This 

type of model is called a simulation model. 

Simulation models are only concerned with descriptions of designs. All 

evaluation and decisions are made by the architect, based on knowledge and 

experience, and external to the model. The success of the design process using 

this model (refer to Figure 4) is based on the architect's ability to make an 

educated guess by which to modify the solution. The architect makes all design 

decisions, and these are communicated via a design medium, traditionally 

paper .. To get any quantitative KID about the proposed design solution, the 

designer(s) must first have a solution. The design process, therefore, involves a 

spiraling linear progression of analysis, synthesis, evaluation, and 

communication as discussed in Chapter Ill. This is the usual model of the 

design process for most CADD systems. The disadvantage of this design 

approach is that it requires the designers of the building team to operate by a 

trial and error method. "Design options and sensitivity to changing assumptions 

can only be investigated by repeating the simulation many times with different 

sets of decisions" [Gero, 1988 p. 21]. 

(Progress in seeking a design solution is based on) how 
much information on the relationship between decision 
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and performance variables can be established for use in 
the next iteration of the procedure .... Any comparison of 
two or more solutions also raises problems of 
rationalizing the multiplicity of information given by 
several different performance measures each using 
multivalued representations of information. [Gero, 1988, 
pp. 23-24]. 

If used in isolation, simulation models would only be useful for checking 

predetermined solutions against mandatory or recommended standards [Gero, 

1988]. For example, simulation models would be useful in the design of 

mechanical and electrical systems in order to better integrate these systems with 

the building envelope system and required internal comfort conditions 

[Rush, 1986; Ehrenkrantz, 1989; Gero 1988]. 

The validation of a simulation model can be done by checking that the 

components of the model are correctly based on research and theory, or on the 

basis of results. "If the model predicts behavior or appearances that consistently 

match those that occur in reality, given the same conditions, then the model is 

said to be valid" [Gero, 1988, p. 24]. 

Generative Design Model 

A generative model generates design solutions according to prescribed 

rules. There is also the difficulty in a complex generative model in validating the 

decision rules by comparing the results achieved by the model with those 

observed in reality. Generative models provide a range of solutions that 

represent all possible design options according to the rules, but the model has 
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no means of establishing the quality of these design solutions. To limit the 

number of design solutions generated to only the best solutions requires that the 

design objectives as well as the decisions be contained within the model [Gero, 

1988]. 

Optimization Design Model 

The design optimization model subsumes both simulation and generation 

models by providing descriptive mechanisms of simulation and the decisions 

according to rules mechanism of generation [Gero, 1988]. However, " ... the 

generation is necessary to create the solution space to be searched, and 

simulation is necessary to describe and predict the performance to be 

optimized." [Gero, 1988, p. 26] The optimization model is able to evaluate the 

results of design decisions according to the design objectives. Decisions are 

made according to this ranking. Formulating meaningful quantifiable objectives 

is the major disadvantage of using an optimization model, because most 

architectural design problems are complex and ill-defined [Gero, 1988]. 

For architects, the issue is what to do with the results of optimization? 

How does the optimization design model provide the architect and the rest of the 

building team with qualitative and quantitative information, and what supporting 

information on such factors as sensitivity, stability, and tradeoffs is needed? 

The role of optimization in design is better to inform the designer's intuition 

earlier in the design process by providing a means for increasing the designer's 
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understanding of the design problem and the characteristics of good solutions to 

some of the project's design _objectives. 

Optimization is another design approach, which can be beneficial in some 

situations, but this design method is incapable of creating a single optimal 

design solution to all of the myriad aims and ideals in most design problems. 

Design requires judgment and tradeoffs, but judgment should be based on the 

best available KID. 

Optimization, in a sense is a generator of knowledge: it 
can be used to discover what are good solutions, what 
performances those solutions achieve, and how stable 
and sensitive those solutions are. Optimization can not 
provide all the answers or replace the design process 
with a mathematical procedure, but it can provide new 
levels of understanding. It is up to the designers to 
exploit and extend its power. [Gero, 1988, p. 318] 

The ultimate goal is to design information systems that allow the building 

team to focus on the architecture and not be concerned about the generation or 

coordination of building documents. Information technology should enable the 

architect and the rest of the building team to expand their ability to deal with 

complex ill defined problems, not increase the demand for the management and 

coordination of the project's building design and documentation. There are 

signs that major changes in building design techniques are due, and that an 

interactive building-oriented system offers many advantages over a traditional 

document-oriented system. For this building-oriented approach to be fully 

realized, it will have to overcome social and political hurdles, and it may require 

changing the traditional relationships of the building team to one where they are 
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working cooperatively together to achieve a common goal. If architects can 

exploit technology to improve communication, they will be able to improve the 
• 

value they provide clients. 
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