
 
 

BIM FOR IMPROVED BUILDING DESIGN COMMUNICATION BETWEEN 
ARCHITECTS AND CLIENTS IN THE SCHEMATIC DESIGN PHASE 

 
 

by 
 

Yohannes Abbay Tessema, B. Arch. 
 

A Thesis 
 

In 
 

ARCHITECTURE  
 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 
 

                   MASTER OF SCIENCE 
 

                                                                     IN 
 

                                                       ARCHITECTURE  
 

                                 Approved 
 

                                 Professor Glenn Hill  
                                Chairperson of the Committee 

 
 

                                 Professor Kuhn Park 
 
 

                                 Arch. Jeff LaRue, AIA  
  
 
 

                                Accepted 
  
 

                               Fred Hartmeister J.D., Ed. D. 
                              Dean of the Graduate School 

 
 

                              December, 2008  



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Copyright 2008, Yohannes A Tessema 



Texas Tech University, Yohannes A Tessema, December 2008 

ii 
 

ACKNOWLEDGEMENTS 
 

I am deeply indebted to my thesis committee, without their commitment this 

thesis wouldn’t have been possible; professor Glenn E. Hill for his consistent support, 

insight, criticism and guidance not only during my thesis but also consistently throughout 

my graduate work study, professor Kuhn Park for his generous support, insight and 

guidance from his invaluable knowledge and expertise on the subject matter, architect 

Jeff LaRue (AIA), a practitioner at HKS Inc. for his insight, guidance and for providing 

the case study project without which this study wouldn’t be possible. 

I would also like to express my special gratitude to the authors of two of the first 

BIM books “BIM Handbook: A Guide to Building Information Modeling for Owners, 

Managers, Designers, Engineers, and Contractors” and “Building Information Modeling: 

Planning and Managing Construction Projects with 4D CAD and Simulations”. These 

two books were the most helpful and potential references in this study. 

Most of all, I would like to thank my wife Tirhas and my son Adonai who have 

borne the brunt of the extensive time I have spent in this thesis. I give my most special 

thanks to my Dad and Mom who supported me from the beginning until now. I would not 

be where I am today without the everlasting support and dedication of my Dad. He has 

given me the determination and the belief that I can accomplish anything.  



Texas Tech University, Yohannes A Tessema, December 2008 

iii 
 

TABLE OF CONTENTS 
 

Acknowledgements ............................................................................................................. ii 

Abstract ............................................................................................................................... v 

List of Tables ..................................................................................................................... vi 

List of Figures ................................................................................................................... vii 

I. Getting Terms Defined .................................................................................................... 1 
BACKGROUND ................................................................................................................................................. 1 
INTRODUCTION ............................................................................................................................................... 3 
CONVENTIONAL METHOD (CM) ......................................................................................................................... 4 
BUILDING INFORMATION MODELING (BIM) ....................................................................................................... 10 

Benefits of BIM ..................................................................................................................................... 14 
INFORMATION............................................................................................................................................... 17 

Quality of Information ......................................................................................................................... 18 
Quantity of Information ....................................................................................................................... 20 

COMMUNICATION ......................................................................................................................................... 21 
THE ARCHITECT AND THE CLIENT ....................................................................................................................... 25 

The Architect ........................................................................................................................................ 26 
The Client ............................................................................................................................................. 28 
Architect‐Client Relationship ................................................................................................................ 30 

DEFINING FUNCTION, COST, AND APPEARANCE OF A BUILDING DESIGN ................................................................... 32 
Function ............................................................................................................................................... 33 
Cost ...................................................................................................................................................... 35 
Appearance .......................................................................................................................................... 36 

DESIGN PROCESS ........................................................................................................................................... 37 
THE SCHEMATIC DESIGN PHASE ........................................................................................................................ 40 
RESEARCH PROBLEMS ..................................................................................................................................... 42 
SIGNIFICANCE OF THE STUDY ............................................................................................................................ 44 

II. Research Method .......................................................................................................... 45 
CASE STUDY ................................................................................................................................................. 45 
LIMITATIONS OF THE STUDY AND EXPECTED PROBLEMS ......................................................................................... 50 

III. Analysis and Discussion ............................................................................................. 53 
ANALYSIS METHOD ........................................................................................................................................ 53 
EVALUATION METHOD OF ANALYSIS .................................................................................................................. 58 
SCHEMATIC DESIGN DOCUMENTS PRODUCED USING CONVENTIONAL METHOD (CM) ................................................ 59 
SCHEMATIC DESIGN DOCUMENTS PRODUCED USING BIM .................................................................................... 59 
FUNCTION .................................................................................................................................................... 61 

Site Plan ............................................................................................................................................... 61 
Responsiveness ............................................................................................................................................... 61 
Conflict Detection ........................................................................................................................................... 64 
Customization ................................................................................................................................................. 66 
Modification .................................................................................................................................................... 68 
Relationship .................................................................................................................................................... 69 
Collaboration ................................................................................................................................................... 71 
Summary for Site Plan ..................................................................................................................................... 73 



Texas Tech University, Yohannes A Tessema, December 2008 

iv 
 

Floor Plan ............................................................................................................................................. 74 
Responsiveness ............................................................................................................................................... 74 
Conflict Detection ........................................................................................................................................... 76 
Customization ................................................................................................................................................. 77 
Modification .................................................................................................................................................... 80 
Relationship .................................................................................................................................................... 82 
Collaboration ................................................................................................................................................... 85 
Summary for Floor Plan ................................................................................................................................... 86 

Section ................................................................................................................................................. 87 
Customization ................................................................................................................................................. 87 
Modification .................................................................................................................................................... 89 
Summary for Section ....................................................................................................................................... 91 

Statistical Summary of Design Area ..................................................................................................... 91 
Responsiveness ............................................................................................................................................... 92 
Summary for Statistical Summary of Design Area ........................................................................................... 94 

Outline Specifications ........................................................................................................................... 94 
COST ........................................................................................................................................................... 95 

Preliminary Construction Cost Estimation ........................................................................................... 95 
Responsiveness ............................................................................................................................................... 97 
Modification .................................................................................................................................................... 98 
Accuracy ........................................................................................................................................................ 101 
Relationship .................................................................................................................................................. 104 
Summary for Preliminary Construction Cost Estimation ............................................................................... 105 

APPEARANCE .............................................................................................................................................. 106 
Elevation ............................................................................................................................................ 106 

Customization ............................................................................................................................................... 107 
Modification .................................................................................................................................................. 108 
Summary for Elevation .................................................................................................................................. 110 

3D Model............................................................................................................................................ 111 
Intelligence .................................................................................................................................................... 112 
Responsiveness ............................................................................................................................................. 115 
Conflict Detection ......................................................................................................................................... 116 
Customization ............................................................................................................................................... 117 
Modification .................................................................................................................................................. 120 
Relationship .................................................................................................................................................. 122 
Collaboration ................................................................................................................................................. 125 
Representation .............................................................................................................................................. 127 
Summary for 3D Model ................................................................................................................................. 131 

Illustrative Documents/ Materials ..................................................................................................... 131 

IV. Conclusion and Recommendations........................................................................... 134 
CONCLUSION .............................................................................................................................................. 134 
RECOMMENDATIONS .................................................................................................................................... 137 

Bibliography ................................................................................................................... 138 

Schematic Design Documents Produced Using the CM................................................. 141 

Schematic Design Documents Produced using BIM ...................................................... 148 

  



Texas Tech University, Yohannes A Tessema, December 2008 

v 
 

ABSTRACT 
 

What exactly is Building Information Modeling (BIM) and how does it 

revolutionize architectural practice? How does it provide improved building design 

information so as to improve design communication among the stakeholders during a 

design process? How does it specifically improve architect-client building design 

communication in the schematic design phase? 

BIM has been proved and is being utilized by the Architecture/Engineering/ 

Construction (AEC) industry to streamline and improve building design information in 

the design process especially in the construction documents phase. But what contribution 

does it have in improving architect-client building design communication in the 

schematic design phase? BIM has been believed to revolutionize and improve 

architectural practice by providing 3D virtual models and a digital database. Although 

BIM is quite broad and believed to automate the building lifecycle from design 

conception to demolition, the specific improvements it would bring to the architect-client 

relationship in the schematic design phase hasn’t been analyzed and interpreted. 

After comparing the documents holding building design information produced 

using the Conventional Method (CM) and BIM, the benefits and improvements BIM 

would bring to the architect-client communication could be understood. 
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CHAPTER I 
GETTING TERMS DEFINED 

Background 

In 1452, early Renaissance architect Leon Battista Alberti distinguished 

architectural design from construction by proposing that the essence of design lay in the 

thought processes associated with conveying lines on paper so as to communicate it to the 

building stakeholders. His goal was to differentiate the intellectual task of design from 

the craft of construction so that all the design stakeholders could share the different 

activities in the design process and facilitate the service to the owner/client. Prior to 

Alberti, in the first century BC, Vitruvious discussed the value inherent in using plans, 

elevations, and perspectives to convey and communicate design intent in what is 

considered to be the first treatise on architecture.1 

After six centuries of manually conveying lines and texts on paper, computers 

were first adopted as an aid for automating certain aspects of the design process to 

Computer Aided Design (CAD) systems which generate digital files. Suck advancements 

took the architect-client communication to a relatively higher level. Of course CAD 

systems have automated digital building design documents throughout the design 

process. The problem with this traditional/conventional method is that the documents 

produced are same as manual and did not save the building design and construction 

industry from being inefficient. CAD systems did nothing to reduce errors and wastages 

which basically arise due to coordination problems. Though, as CAD systems were 

further developed, additional information was added to these systems to allow for more 

data and associated text. With the introduction of conventional three-dimensional (3D) 

modeling technologies, advanced definition and complex surfacing tools were added. 

As CAD systems became more intelligent and more clients wanted data 

associated with a given design, the focus shifted from drawings and 3D images to the 

data itself. A building model can be described by its content (what objects it describes) or 

its capabilities (what kinds of information requirements it can support). The later 

                                                 
1  Morgan, M. H., Vitruvius – The Ten Books of Architecture ( New York: Dover Press, 1960), See 
esp. Book 1, Chapter, Section 2. 
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approach is preferable, because it defines what you can do with the model rather than 

how the database is constructed.2 Building Information Modeling (BIM) is a new 

approach that aims to produce building design information based on a 3D digital model 

that comprises complete database information of a facility’s life cycle.3 BIM provides 

virtual models and a digital database to the Architecture/Engineering/Construction (AEC) 

industry which will contribute to a greater flexiblity and variety in building methods and 

types, fewer documents, far fewer errors, less waste and higher productivity. The problem 

is that, though BIM’s application is broad and believed to automate the building lifecycle 

from design conception to demolition in the AEC industry, the specific improvements it 

would bring to architect-client relationship in the schematic design phase, hasn’t been 

analyzed and interpreted. 

To identify the specific improvements BIM brings to architect-client 

communication in the schematic design phase, a combination of descriptive and 

explanatory case study approaches will be adopted in this study to analyze and compare 

the building design information contained in the documents produced using the 

Conventional Method (CM) and BIM. It is assumed that if BIM provides improved 

building design information, it can logically be argued that improved building design 

communication between architects and clients will take place.  In the information and 

communication sections of this study, it is clearly defined that, communication is the 

transmission of information and so that improvements in information brings 

improvements in communication. 

  

                                                 
2  Chuck Eastman, Paul Teicholz, Rafael Sacks, and Kathleen Liston, BIM Handbook: A Guide to 
Building Information Modeling for Owners, Managers, Designers, Engineers, and Contractors (New 
Jersey: John Willey & Sons, Inc, 2008), p16. 
3  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p28. 
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Introduction 

With the advent of computers, many material and technological improvements 

have been made to building design in the last four decades and many builders and 

designers saw their drafting load lightened because repetitive tasks could be automated. 

Though, conventional two-dimensional (2D) CAD technology has dominated the 

industry, and technological progress has been severely constrained by the limited 

intelligence of such applications in representing buildings and the capability to extract the 

relevant information from the representation that is needed for building design. Drawings 

are no longer done manually, but the ubiquitous use of CAD applications in creating 

drawings has not revolutionized the construction industry in any way. With the 

automation of design tasks using computers, the essential nature of documentation did 

not change. The same drawings and documents describing the project are still used. 

Building Information Modeling (BIM) technologies are revolutionizing how 

architecture is practiced and constructed and will impact how architects will 

communicate with clients, consultants, industry and among themselves. BIM can be 

considered revolutionary in the way it transforms architectural thinking by replacing 

drawings with a new foundation for representing design and for aiding communication 

among the stakeholders of a facility.4 It improves communication in architectural practice 

by providing 3D virtual models and a digital database to the AEC industry to contribute 

to a greater flexiblity and variety in building methods and types, fewer documents, fewer 

errors, less waste and higher productivity. 

Though BIM’s application is broad and believed to automate the building 

lifecycle from design conception to demolition in the AEC industry, no project to the 

investigator’s knowledge has yet realized all or even a majority of BIM’s potential 

benefits throughout the design process, and it is doubtful that all of the benefits that the 

technology enables have been discovered or even identified.5 More specifically, the 

improvements it would bring to the architect-client relationship and communcation in a 

building design process, more specifically in the schematic design phase hasn’t been 

                                                 
4  Supra note 2, p151. 
5  Ibid., p319. 
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analyzed and interpreted. Schematic design is the earliest and determinant phase of the 

basic services in a building design process. A strong architect-client relationship and 

good communication in this phase reinforces the architect’s and client’s decision on the 

function, cost and appearance of the project throughout its life cycle. 

This paper begins with a description of the existing design practice “Conventional 

Method”, and it documents the inefficiencies inherent in this method.  It then briefly 

explains BIM technology with all its benefits in a building’s lifecycle. Definitions and 

explanations of each major terms used throughout this study will then be given. 

Following specific description and explanations of Information and Communication, the 

Architect, Client and their relationships during a building design process will be 

discussed. Definition and descriptions of the three premises important to a client during a 

building design, the Function, Cost, and Appearance of a building design will follow. 

Next, the Design Process will be briefly explained with special emphasis to the 

Schematic Design Phase. After presenting the project statement and describing 

significance of this study, the research method to be adopted in this study will be 

narrated. The investigator will produce BIM schematic design documents for a case study 

project which was executed using the conventional method. Comparison, analysis and 

discussion will be undertaken to study the advantages of BIM during the schematic 

design phase by comparing documents of a building design produced using the 

Conventional Method and BIM technologies with regard to the three attributes, Function, 

Cost and Appearance. The study concludes with an appraisal of various findings and 

problems one could encounter due to BIM’s earliest development and use. 

Conventional Method (CM) 

Around 1970s computers were first adopted to automate manual aspects of the 

design process to CAD systems which generate digital files. With this, many builders and 

designers saw their drafting load lightened because repetitive tasks could be automated. 

Such traditional process whether manual or computer aided (CAD) is referred to as 

“Conventional Method” in this study and is abbreviated as “CM” throughout this paper. 

CM basically relies on 2D drawings and non-intelligent 3D models (see figure 1).  
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Figure 1: Conventional Method ––CAD 2D drawings  

(Image by investigator) 
 

Figure 2: Conventional Method ––hand drawn/manual 3D sketches 

CAD generated 2D drawings and documents, which allow the AEC industry to 

design and build what the architect, client, and consultants have visualized, are the 

current “state of the industry.” Nevertheless they can also be the source of great 

misunderstanding, and more persons involved in building construction will agree that the 

use of only drawings and documents is an imperfect method of planning and building 

contemporary complex projects. With the introduction of computer to automate design 

tasks, the essential nature of documentation did not change and the same drawings and 

documents describing the project are still used.6 With the processes in the CM, analysis is 

done independently of the building design information, often requiring duplicate, tedious, 

and error-prone data entry. The result is loss of information across phases and increased 

effort to produce project information. In addition, 2D drawings, which are vector based 

lines, are not capable of effectively representing actual building design information and it 

takes some level of interpretation and understanding to use 2D expressions in a 3D 

environment. With the architect helping to translate the 2D communication to 3D 

visualization, the client will be able to finally and correctly visualize the project. Such a 
                                                 
6  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p7. 
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lengthy process is highly subjected to errors which may not be detected until construction 

takes place.  

If any of the team members use 2D drawings to do a building design, then the 

whole team’s workflow remains as a 2D workflow, with long cycle times for submittal 

and review and likely coordination problems.7 These problems cause friction, financial 

expense, and delays. Though these CMs have improved the timely exchange of 

information, they have done little to reduce the severity of and frequency of conflicts 

caused during the process.8 Although these applications can accurately describe geometry 

in any domain, they cannot capture domain-specific information about entities. The 

drawings and models of buildings created with these applications do not carry much 

information about the building itself, and are essentially “dumb” and are used primary for 

producing documentation and visualization.9  

According to Architectural Grarhic Standards 2008 edition, “CAD continues to 

have all the problems associated with manual drafting in that: - 

• It is tedious and time consuming to create separate plans, setions, elevations, 

details, and so forth, of the same building. 

• Any change made must be manually updated in all drawings and reports. 

• There is no guarantee of accuracy, consistency, or completeness. 

• Coordinating work based on these drawings between the different professionals is 

extremely difficult. 

• Conflicts and errors are detected in abundance at the construction site, 

necessitating expenssive fixes. 

• At the end of the process, the architect and client has nothing but a nonintelligent 

2D representaion of the building on which to base a lifetime of management, 

operation, and maintenance.”10 

                                                 
7  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p439. 
8  Supra note 6, pp2-3. 
9  AIA, Architectural Graphic Standards (Wiley & Sons, Inc.; 11th Edition, March 30, 2007). 
10  Ibid. 
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CAD simply replicates the process of manual drafting by reducing design 

representations to dumb graphic entities and does little to reduce the inefficiency, 

wastege due to errors, and escalating costs that are too common in the design, 

construction management, and operation of a building. To make matters worse, the 

complexity of modern buildings has made the task of maintaining consistency between 

increasingly large number of drawings extremely challenging, even with the use of 

computerized drafting and document control systems. A greater effort is required to keep 

the data coordinated and this will have greater risk of inconsistencies because it scatters 

building information across multiple CAD files and requires user intervention to make 

sure that all of the building information is internally consistent – resulting in less reliable 

information retrieval. The probability of errors, either in intent or from inconsistency, 

rises sharply as more detailed information is provided. Quality control procedures are 

rarely capable of catching all errors, but ultimately, all errors are revealed during 

construction.11 

In August 2004 the US National Institute of Standards and Technology (NIST) 

issued a report entitled "Cost Analysis of Inadequate Interoperability in the U.S. Capital 

Facilities Industry", which came to the conclusion that, as a conservative estimate, $15.8 

billion is lost annually by the U.S. capital facilities industry resulting from inadequate 

interoperability.12 According to this, inefficient interoperability accounted for an increase 

in construcion costs by $6.12 per square feet for new construction and an increase in 

$0.23 per square feet for operations and maintenance, resulting in a total added cost of 

$15.8 billion. Out of this the design phase accounts for $1,007.2.13 

Dissatisfaction with the CM has led to the development of alternative delivery 

methods; essentially most of these variations merely represent the shifting of the risk 

from one team member to another. “In the end, however, the client usually bears most of 

the financial burden for the inefficiency and problems of communication.”14 

                                                 
11  Supra note 7, p187. 
12  Supra note 7, p11. 
13  Ibid. 
14  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p12. 
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To overcome problems associated with the CM, various efforts have been made 

by the AEC industry so as to allow for more useful data and better representation of a 

building design. In the last few decades, architects have begun modeling their projects in 

3D space rather than drafting them in 2D planes. Project can now be conceived and 

developed in 3D space (see figure 3 below). This creates a huge potential for visualizing 

and communicating information that has previously only been available to persons who 

could “read plans.” It also allows for much earlier and more accurate feedback from 

anyone involved in the project and can understand the 3D models with no need of reading 

2D drawings. In many cases this does still not eliminate the need for 2D documentation 

for permits and communication with the other project team members; but it is the 

beginning of a new approach. BIM is new approach that aims to produce building design 

information based on a 3D digital model that comprises complete database information of 

a facility’s life cycle.15  

                                                 
15  Ibid., p13. 
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Figure 3: Conventional 3D models. Top left - SketchUP model. Top right - 3Ds Max model (surface 

modeling), Bottom left - hybrid of SketchUP & 3D VIZ, Bottom right - physical model 
(Images by investigator, physical model courtesy of university of Waterloo) 
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Building Information Modeling (BIM) 

The acronym Building Information Modeling (BIM) was coined in early 2002 to 

describe virtual design, construction, and facilities management. Information modeling 

for design is not a new technology for the world. It has been used by industrial designers, 

automobile designers, and aircraft and spacecraft designers for almost 20 years. “Early 

adopters of these production processes and tools, such as Toyota and Boeing, have 

achieved manufacturing efficiencies and commercial success …If a virtual model of a 

spacecraft can be done prior to fabrication, in order to reduce flaws, then a model of a 

building ought to be assembled prior to construction, for the same reason”16. In similar 

manner with the model of a spacecraft, clients will soon require BIM database prior to 

construction. BIM is not a thing or a type of software but a human activity that ulimately 

involves broad process changes in design and constructon.”17 

According to the US National Building Information Modeling Standard (US 

NBIMS),  

“Building Information Modeling (BIM) is a data based digital 

representation of functional and physical characteristics of a building from earliest 

conception to demolition….BIM, most importantly, is a collaboration of different 

stakeholders at various phases of the building life cycle to explore, insert, extract, 

update or modify building information in the BIM database to support and reflect 

the roles of that stakeholder” (see Figure 01).18  

The database approach provides an excellent opportunity to exploit design 

information because it can hold much design associated data. Because of the availability 

of such database information, BIM differs from pursuing the same activities in the CM 

using drawings, whether paper or electronic.19 

 

                                                 
16  Ibid., p285. 
17  Ibid. 
18  NBIMS, National Building Information Modeling Standard: Version 1.0,  
Part 1: Overview, Principles, and Methodologies. (USA: National Institute of Building Sciences, 2006), 
p22. 
19  Supra note 15, pviii. 
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Figure 4: BIM generated drawings  

(Image by investigator) 

BIM combines a design model (3D building geometry and non-graphic 

properties) into an integrated parametric building model (see figure 4).  Parametric refers 

to the information within the model that distinguishes one particular component from 

another one that is similar. A simple example is a wall, all walls have wall qualities in 

common, but each actual wall, although made with the same “wall tool,” may have 

different parameters; its dimensions, or material makeup (wood or metal studs, type of 

sheetrock, etc.), or supplier information, etc., may vary. Parametric information is 

editable information contained in the parametric object. Unlike external source of 

information, parametric information is embedded in to a 3D model. The parametric 

information embedded to the 3D model could be visual and intellectual (such as part 

numbers, or material-related qualities).20 

 

                                                 
20  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p77. 
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Figure 5: BIM model combined with parametric building information  

(Images by investigator) 

The US NBIMS promote that BIM interchanges are based on shared digital 

representation (based on integrated practice), interoperable information (computer to 

computer exchange), and an open standard based information exchange which could be 

defined in contract language.21 Integrated practice is the term the AIA is using to describe 

this new way of working with the AEC industry. At the core of integrated architectural 

practice are teams composed of all project stakeholders, guided by principles of true 

collaboration, open information sharing shared risk rewards, just-in-time decision-

making, and the use of the latest technology. Integrating multiple disciplines requires 

multi-user access to share the digital building information model (see figure 5-left). It 

also provides an excellent context for new users to learn from more experienced ones. 

Integrated practice exponentially increases design activity and make the architect a better 

designer enabling him to produce building design information to the satisfaction of the 

client. “When implemented appropriately, BIM facilitates a more integrated design and 

construction process that results in a better quality of buildings at a lower cost and much 

reduced project duration.”22 Interoperability depicts the need to pass data between 

applications, allowing multiple types of experts and applications to integrativelly 

contribute to the work at hand because currently no single computer application can 

support all of the tasks associated with a building design.23  

“Interoperability eliminates the need to replicate data input that has 

already been generated and facilitates smooth workflows and automation. In the 
                                                 
21  NBIMS, National Building Information Modeling Standard: Version 1.0,  
Part 1: Overview, Principles, and Methodologies. (USA: National Institute of Building Sciences, 2006), 22. 
22  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p1. 
23  Ibid., p65. 
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same way that architecture and construction are collaborative activities, so too are 

the tools that support them.”24  

The federal government has predicted savings of over $15.8 billion annually from 

integrated collaborative processes and effective interoperability. 

 

 
Figure 6: NBIMS Knowledge Capture (left). Facility Lifecycle Helix (right) 

(Images from NBIMS) 

BIM offers building design stakeholders a single source for building information 

called a virtual model. A Virtual model is a design environment without duplication of 

effort or replication of model information (see figure 6). Use of virtual models is a 

substantial shift from the traditional computer aided design and drawing (CM) which is 

based on a vector drawing format (based on lines which combine to represent building 

components). With BIM technology, an accurate virtual model of a building is 

constructed digitally. When completed, the computer-generated model contains precise 

geometry and relevant data needed to support the construction, fabrication, and 

procurement activities needed to realize the building. The components of the model are 

so intelligent that they ‘know’ what they are. For instance, if a wall is represented by a 

certain object in the model, that object has all the parameters which represent all the 

physical characteristics of a real wall (material texture, color, thickness, size, etc.). 

Virtual models are imbedded with data which, when shared among design team members, 

greatly reduces errors and improve facilities, and increases production. BIM processes 

revolve around such virtual models that make sharing information possible throughout 

the entire building industry. According to “BIM Handbook”, “BIM is a modeling 

                                                 
24  Ibid., p66. 



Texas Tech University, Yohannes A Tessema, December 2008 

14 
 

technology and associated set of processes to produce, communicate, and analyze virtual 

building models.”25 

 
Figure 7: Virtual 3D models 

(Images from green-building-vs-BIM) 
 

“Because BIM is a revolutionary shift away from drawing production, the 

set of skills needed is quite different. Whereas drafting demands familiarity with 

the language and symbols of architectural and construction drawings, BIM 

demands a very good understanding of the way buildings come together. Drafting 

is the laborious act of expressing ideas on two-dimensional media, whether paper 

or screen; modeling is akin to actually building the building. Therefore, it makes 

sense for skilled architects and engineers to model directly, rather than instruct 

others to do it for them only as a matter of record.”26 

Benefits of BIM 

“Many of the benefits of the BIM will be viewed as direct benefits, 

although the largest benefits actually are the indirect benefits. Direct benefits are 

qualities such as the improved visualization and centralization of (project) 

building information. The indirect benefits include the necessity for collaboration, 

the resulting better project understanding, and the reduction of project risk.”27  

BIM offers clients the ability to become more efficient and effective by linking 

their business processes with their facilities. The federal government has predicted 

                                                 
25  Ibid., p11. 
26  Ibid, p315. 
27  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p46. 
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savings of over $15.8 billion annually from integrated processes. Projects today save 5-

12% when BIM is properly used. 

The “Architectural Graphic Standards 2008 Edition” lists the potential benefits of 

implementing BIM as follows. “ 

• Because it is customized for building design, it is faster and easier to create and 

edit a building model in a BIM application, compared to developing the drawings 

of the building in CAD applications. 

• Once the model is created, all other requirements, including 2D documentation, 

schedules, reports, 3D renderings, and animations, can be automatically derived 

from it, improving speed and efficiency. 

• All graphical and tabular views of the building are automatically synchronized 

when a change is made to the model, eliminating the inconsistencies found in 

construction documents created with conventional CAD software 

• The minimization of drafting allows greater focus in design 

• Interdisciplinary collaboration can be significantly improved, as it will be based 

on shared building model 

• Better support for analysis and evaluation tools will allow the building to be 

thoroughly and vigorously tested before it is built, instituting much higher 

standards of quality control than those in place today. 

• Conflicts are easier to identify in the building model and can be detected during 

the design phase, which can reduce the expensive fixes at construction time. 

• The model created during the design phase can be reused for subsequent phases 

such as construction and facilities management, saving costs. The use of “live” 

model for building maintenance can reduce operating costs significantly 

throughout the lifetime of the building.” 28 

Generally, proponents claim that BIM offers: Improved visualization, improved 

productivity, increased coordination of construction documents, embedding and linking 

of vital information such as vendors for specific materials, location of details and 

                                                 
28  AIA, Architectural Graphic Standards (Wiley & Sons, Inc.; 11th Edition, March 30, 2007). 
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quantities required for estimation and rendering, increased speed of delivery, and reduced 

costs.29 

BIM has several benefits for each and all stakeholders working on various aspects 

of the building design and construction industry. BIM processes bring vast improvements 

over the CM throughout the AEC industry (Figure 8). However, it is beyond the scope of 

this study to outline each and every benefit BIM brings to the AEC industry.  

 
Figure 8: Conventional Method vs BIM processes  

(Image from Architectural Graphic Standards, 2008 Edition) 

It has been around four years since the BIM phenomenon started to gain 

momentum, and we are at the point where BIM solutions have reached a certain level of 

maturity. Such a promising progress of implementing BIM technologies could facilitate 

the transition of most CAD approaches to BIM within a short period of time. When BIM 

attains full maturity, architects, clients, and the entire building stakeholders will be able 

to exchange and communicate building design information more closely and more 

effectively. This achievement will be a termination of building design approaches using 

the CM which has been in practice for the past decades. BIM will contribute to a greater 

flexiblity and variety in building methods and types, fewer documents, far fewer errors, 

less waste and higher productivity. Building design projects will perform better, thanks to 

better analysis and exploration of more alternatives, fewer calims, and fewer budget and 

schedule overruns.30 In this paper, whenever BIM is used as a verb, it refers to the 

activity, “Building Infrmation Modeling”. On the other hand, when used as a noun, it 

                                                 
29  Ibid. 
30  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p286. 
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refers to the model itself, Building Information Model. Usage of the term “Information”  

in this study will be defind in the following section. 

Information 

In a building design process, information is the representation of a building design 

using two dimensional (2D) and three dimensional (3D) drawings, graphics, data, 

concepts, thoughts, and other documents produced. The nature of information may vary 

from a simple representation of building component (such as a wall represented with 

couple of lines) to more complicated one where components are associated with complex 

building parameters. Such as dimensions, material makeup, supplier information, 

alternative options, etc. Parametric information distinguishes one particular component 

from another one that is similar. One example is a wall, all walls have wall qualities in 

common, but each actual wall, although made with the same “wall tool,” may have 

different dimensions, material makeup, and other parameters. It can also take the form of 

drawings, reports, and other documents, where the reports and supporting documents 

could be files connected or linked to the main drawings or documents. This means, linked 

information is the information which is not part of the drawings and other documents that 

are visible onscreen, but connected to them through visible or invisible links. Visible 

links can be “flags” that will open a window or file when clicked to display that file, 

invisible links could be a link to external information. Information could have a growing 

or cyclical nature where it develops while being processed or cycled. As different project 

team members add more information, the available information gradually increases and 

develops in scope, depth, and relatedness. In addition, the nature and level of detail, 

quality and quantity of information dramatically changes throughout the process.31 

Furthermore, there is time-related information that can be visualized through sequence of 

simulations in the form of animation. The paragraphs below discuss these characteristics 

of information from building design point of view. 

                                                 
31  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p36. 
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In a broader sense, information could have two main aspects, quality and quantity 

of information. A brief description of both aspects of information is given in the 

following paragraphs. 

Quality of Information 

Quality has no specific meaning unless related to a specific function and/or 

object. Quality is a perceptual, conditional and somewhat subjective attribute. Quality can 

reflect the positive or negative characteristic, standard, or grade of somebody or 

something. In positive terms, quality in everyday life and business, engineering and 

manufacturing has a pragmatic interpretation as the non-inferiority, superiority or 

usefulness of something. When used with nouns, the word quality in itself gives an 

affirmative sense, meaning the highest or finest standard of something. For instance, “a 

quality product” stands for a product of acceptable characteristics. Throughout this study, 

quality of a building design in an architectural service is the perception of superiority or 

usefulness of the information contained in the building design documents produced based 

on client’s expectation. Information of good quality is characterized by creating a smooth 

and clear exchange of ideas and thoughts among the parties of the service such as the 

architect and the client. Improvement in the quality of information brings improvement in 

the communication among such parties. 

Sometimes there’s a tendency to think that quality means the best material, the 

best equipment, and zero defects. However, in most cases, the client does not expect nor 

can afford a perfect solution. If there are few bumps in the project or few defects in the 

deliverable, the client may still say that the solution was delivered with a high level of 

quality. A flawlessly designed, defect-free solution is not considered high quality if it 

doesn’t meet the client’s need. One of the features of a quality solution for your client 

may be that it has a “minimum” amount of errors. An architect can work with the client 

to define “minimum” but it doesn’t mean zero. That is, there is some level of errors that 

the client is willing to accept, since he cannot afford (or wait for) a perfect solution. The 

architect can then monitor the error rate and proactively strive to achieve the minimum 

error rate that the client expects. A defect free service (solution) is difficult to attain, 
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though it should be noticed that a service with the minimum possible errors can be a basic 

factor for project success and client satisfaction. 

Quality of information contained in a building design ultimately helps to measure 

whether building information is improved by implementing BIM technologies. The list 

below outlines attributes of building design information which could be considered 

qualitative. The investigator implemented two mechanisms to identify these qualitative 

attributes of information. First, a literature search is made to define the term ‘Quality’ and 

then the attributes those apply to building design are taken. Second, the problems of 

current AEC industry are studied and out of which those which could be considered 

quality issues are identified and taken. Based on this, attributes of building design 

information implemented in this study to evaluate qualitative improvement of building 

design information of the schematic design documents are provided below. Each attribute 

is defined in regards to building design information during the schematic design phase. 

• Responsiveness: - is the ability to respond to project requirements which 

basically shape the design process to appropriately address client’s interest. 

Requirements are expectations or preconditions set by architect and client (based 

on client’s interest) so as to get documents which are predetermined to produce 

specific building design solutions. Responsive documents appropriately address 

project requirements and hence improve architect-client communication. 

• Conflict Detection: - is the capability of detecting and reporting of any conflicts 

such as undesirably overlapped, duplicated, joined, and improperly oriented 

building components. 

• Relationship: - linking is the process of connecting, associating and relating a 

building design document to additional and supporting documents in the same 

and/or separate interface/application. Linked documents support and enrich the 

building design information within the host document and improve architect-

client communication. 

• Modification: - is the ease/difficulty by which a document is altered (edited/ 

changed/ updated). An easily modifiable design document helps to effectively 
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address project requirements and produce appropriate building design information 

which is basically decisive for improved architect-client communication. 

• Customization: - is the ability to allow for providing alternative options and 

flexibility of building design documents. By providing wide range of options and 

flexibility of building design information, a customizable building design 

document improves client-architect communication. 

• Accuracy: - is the exactness or closeness of representation of building design 

information with the help of design documents. Accurate building design 

information safeguards the design and financial interests of a client and as a result 

is paramount to the improvement of architect-client communication. 

• Collaboration: - Collaboration is the act of working together with one or more 

people in order to achieve coordinated building design information. It also is the 

association of various building design documents to produce organized building 

design information. The degree to which an approach/application allows for 

collaboration among stakeholders and documents affects the quality of building 

design information. Well coordinated and organized information improves 

architect-client communication. 

• Intelligence: - in a building design intelligence refers to the ability of an object to 

identify and know the real world building component it is representing.  By clearly 

defining building components and improving the quality of information, 

intelligent objects and documents improve architect-client communication during 

the schematic design phase. 

• Representation: - is the ability of a design approach/application to visually define 

and represent the exact building construction materials. By providing visually 

communicative and clearly identifiable building design information, well defined 

and represented documents improve architect-client communication. 

Quantity of Information 

Quantity is a kind of property which exists as magnitude or multitude and stands 

for the amount or number of something. In a building design, information regarding 

number of drawings and other documents is considered quantitative. Quantity of 



Texas Tech University, Yohannes A Tessema, December 2008 

21 
 

information in building design documents is important to improve client’s understanding 

of design intent. For instance, more quantity of interior and exterior perspective helps the 

architect easily present the design to a client. The client could also easily visualize and 

experience the space and as a result improve his understanding the design and hence 

communication with the architect. The CM and BIM could equally produce the same 

quantity of drawings and documents as possible and equally assist to ease architect-client 

communication. In fact BIM could produce more quantity of documents with in shorter 

period of time than the CM but as far as the intent of this study is not related to time 

issue, therefore the role of quantity of building design information for improved 

architect-client communication will not be part of this study. 

Communication  

In a raw definition, communication is the activity of conveyance, exchange, and 

transmission of information (ideas and facts, from simple social or emotional concepts to 

sets of highly complex instructions).32 During the building design process, the purpose of 

communication is to exchange and transmit building design information among the 

stakeholders. The Architects Handbook of Professional Practice, 2008 Edition describes, 

if informatoin is not transmitted from one stakeholder (e.g., the architect) to another (e.g., 

the client), communication hasn’t taken place. According to this book, “Communication 

is at the center of architectural practice. An exceptionally gifted designer may not achieve 

success if he or she is unable to effectivelly communicate ideas to others. The design 

process requires collabration between many people, and architects must be able to 

communicate in a clear, coincise and unambigious manner for a project to be successful.” 

“The four principal skills integral to good communication with clients are: learning a 

client’s language, listening to clients, speaking with clients, and writing for clients.” “Of 

course, architects communicate many ideas visually, but this represents just only one of 

the many forms of communication. Architects should be able to listen, speak, and write in 

a manner that is understandable and useful to clients.” 

                                                 
32  Stephen W. Littlejohn and Karen A. Foss, Theories of Human Communication, (Stamford, 
Connecticut: Thomson Wadsworth Publishing, 9th edition, February 26, 2007), p13. 
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The nature of almost all relationshps between architects and clients is based on 

communication. Generally speaking, the concept of communication is based on a two-

way exchange of information. Just providing (sending) information is basically not 

communicationg except in some rare situations where the receiver has nothing to do with 

the service being delivered; in most cases, a receiver has to do something (respond) with 

the information to establish communication. “Communication takes place when 

information is both provided and received; a form of confirmation that information was 

in fact transmitted and received is important.”33 Listening is rarely considered the 

simplest form of communication where the flow of information takes place in one 

direction only. Because of this, though clients do not know how to speak using the 

architect’s technical language,  they could be considered as if they have been 

communicated with the architect if they receive and accept a building design service they 

want. However, such kind of uni-directional flow of information couldn’t be considered 

communication if commited in the reverse way where the architect fails to speak client’s 

language. For this matter, after getting selected by the client to render an architectuaral 

service, the architect is expected to set-up discussion and information sessions with the 

client at least at the end of each stage (phase) of the design process. The degree of 

success can then be evaluated depending on the responce from the client after he receives 

the service. An acknowledgement of reception of information is a first step in 

estabilishing a form of communication; this may also include an indication verifying that 

the information was properly understood. A further step may indicate that a certain action 

will result from the use of the information.  

Communication can take on various forms. Much of the comunication between 

architects and clents is intended to inform, persuade or educate the client about the 

architectural services being offered or about particular apects of the design solution. The 

other goal of communication is to encourage the client to do something or to take a 

particular point of view. In some respects, persuasive messages are simpler to 

communicate than informative ones because the reason for them is usually more obvious. 

Once the client has been persuaded, he will be able to participate in decision making 

                                                 
33  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p251. 
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during the design process. At any point, especially during the early stages of the process, 

the client will be able to know if his interests and requirements are being met. In building 

design the most common forms of communication generally revolve on the creation of a 

common understanding between the architect and the client by visualizing the building 

design information. This will enable a callaborative effort among them  to resolve the 

issues, and this is one of the primary purposes of communication for project success.  

In the conventional method, the information for the design of a building were 

increasingly communicated by paper documents. The biggest problem with paper based 

documents is the incorrect visualizaton of the project information (“the devil is in the 

detail”). As long as the building information provided with such documents of 

conventional method do not effectively support visualization, understanding,  and 

collaboration; the building design communication they provide is limited. Drawings and 

other building design documents from this method are most often complicated due to the 

lack of coordination of the applications used and among the professionals involved in the 

design process. The complexity and lack of coordinated documents produced using the 

CM and the involvement of many non-coordinated individuals can create strenuous 

demand on the communication between the architect and the client.34  

“Most of the design related communication in conventional methods 

consists of ideas that have been translated back and forth between the 2D 

representations and the 3D space. The visualization, understanding, and 

actualization (construction) take place in 3D space, but most communication takes 

place through 2D drawings and documents. Once an idea has been translated back 

and forth a few times among different individuals, it is not surprising that it may 

have become unrecognizable.”35 

Computer aided design and drafting (CADD) has done nothing to solve the 

complication and lack of coordination in the conventional method, and hence no change 

in the essential process of communication––the documents are still used as instructions 

for building simple as well as complex objects. If the building design is not fully 

                                                 
34  Ibid., p12. 
35  Ibid. 
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visualized, understood, and communicated, it cannot be effectivelly represented in the 

design documents and may consequently create problems later.36 To make commuication 

better, the architect will have to do laborious and time consuming efforts to organize and 

coordinate the complicated and scattered documents and be very careful to protect 

message errosion and information conflict while providing the documents to the client. 

Unrealiable communication is a critical factor in the creation of gap and 

misunderstanding between the architect and the client in a building design process and 

this could result in project failure. 

To establish effective communication, information should exist only once, rather 

than be duplicated unnecessarily for convenience of individual access. There is a 

significant risk in the duplication of information for convenience sake, because it creates 

difficulty for the user to discern whether that specific information is in fact the latest 

available. Great care has to be taken to develop a method by which duplication of 

information can be avoided and the whole project team supports and has access to the 

most updated information for the project. BIM is a method developed to support and 

reinforce the project team on collaborative basis in which controlled automatic update is 

made to the whole documents through a single digital virtual model.  

With BIM, it is useful to have multiple coordinated persons look at almost any 

issue, and BIM techologies are by far the most effective way to communicate ideas, 

forms, concepts, and general approaches in a building design based on collaboration 

between different stakeholders.37 BIM transforms architectural thinking among teams by 

replacing and coordinating drawings with a new foundation for representing design and 

for aiding communication, and archieving based on 3D virtual models.38 With BIM, all 

aspects of the project are clear and accesssible to all concerned participants in the team. 

Important aspects of communication are the free access to and flow of information 

among the participants.39  

                                                 
36  Ibid., p11. 
37  Ibid. 
38  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p151 
39  Supra note 36, p49. 
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“The BIM is characterized by the availability and connectedness of all 

information that has become part of the project, such as its dimensionality––2D, 

3D, 4D (time-related), 5D (cost-related), and any other type of information. In a 

centralized model all information (from the different participants) can be 

connected to the model and accessed with embeded links.”40  

On the other hand, BIM enable clients to visualize the building design 

information, which is coordinativelly developed from the participants, to understand and 

communicate with it. It provides 3D virtual models that could abstract the building design 

so as to give improved visualization of the building design. “The visualization actually is 

an abstraction of the object or idea; it is not seen or understood in all its intricate detail at 

once––the significant features seem to be in focus, while the rest appears fuzzy.”41 

Being a coordination based and centralized in a single virtual model, BIM creates 

strong communication for evaluating the true collaboration of a design process for 

interdependency and mutual support of the architect and the client during a building 

design process to work toward the success of the project. By virtue of the increased 

ability to communicate (visualize, understand, evaluate, and coordinate) through the use 

of a BIM, it becomes possible to speed up and improve understanding, and coordination 

in a building design. Moreover, good communications in the BIM process helps to reduce 

error, wastage, and risk by reinforcing the architect-client relationship in the collaborative 

design process. 

The architect and the client 

In the creation of architecture, there is a fundamental triad. First, there is the 

person or group who calls the building in to being; the client who provides the 

commission. Second, the architect or designer who gives the client’s wishes physical 

form, digitized memory stored in the computer. Third is the group of individuals who 

carry out the construction, construction contractors. The scope of this study is limited to 

the architect and the client. 

                                                 
40  Ibid. 
41  Ibid., p47. 
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The Architect 

The book “Understanding Architecture” describes, “During the middle ages in 

west Europe, all planning, design, and construction tasks were managed by the master 

builder––a single person who planned, managed, and executed the project for an 

owner/client. This position evolved into the architect’s role in later ages.”42 An architect 

is a person who is involved in the planning, designing, modeling, and overseeing of 

building construction. In building design, architects manipulate a spectrum of scientific, 

artistic, and technological information.43 Although most often involved in the planning 

and designing of towns and buildings, the architect must be looked upon as something 

much more than this––lovely, elegant, charming, and efficient though they may be. His 

greater role is that of being delineator, the definer, the engraver of the history of his 

time.44 In this study, the architect will be seen in regards to providing building design 

services to the client. The client will be defined soon next to this section. 

During the last decades, architects were using conventional methods to produce 

and deliver building design information, paper based drawings being the earliest medium 

before the advancement of technology has brought CAD technologies to automate the 

design tasks. To differentiate the intellectual tasks of design from the craft of 

construction, architects propose the essence of design in the thought process associated 

with conveying lines on paper. The goal was to differentiate the intellectual task of 

design from the craft of construction. For more than six centuries, drawings and related 

documents had been manually created and conveyed using lines on paper to represent 

architectural design. Later adoption of CAD technologies has then developed to replace 

the manually drawing and designing approaches and support the 2D representation of 

building design information with 3D drawings and physical models that define and 

represent the 3D spaces of a building (see figure 10). 2D/3D drawings and 3D models 

contributed to enable architects to communicate the building design to their clients 

because most clients are not able to interpret 2D drawings and conceptual visualization in 

the architect’s head. This is because of the use of 2D instructions in a 3D world requires 
                                                 
42  Leland M. Roth, Understanding Architecture: Its Elements, History, and Meaning (University of 
Oregon, Eugene, Westview Press; Second Edition, July 25, 2006), p4. 
43  AIA, The Architect’s Handbook of Professional Practice (Wiley & Sons, Inc.; 1994), p565. 
44  Eugene Raskin, Architecture and people (Prentice Hall Press; 1St Edition, January 1, 1974). 
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multiple translations and professional interpretation so as to be understood and 

communicated to the client. However, these CAD based 2D/3D drawings and 3D 

physical models were non-intelligent and were not able to carry parametric information 

of objects in the building design. Advancement of 3D virtual models (intelligent 3D 

models and documents which define object properties using parametric information in 3D 

space) is finally caught by BIM, a new approach that aims to help the architect produce 

building design information based on a 3D virtual model that comprises complete 

database information of a facility throughout its life cycle. 

 

 
            Manual (2D-3D)          CAD (2D)                CAD (3D-4D)               BIM (3D-5D) 

Figure 9: Evolution of design/drawing technologies in the AEC industry 

In the last few decades, architects have begun modeling their projects in 3D space 

rather than drafting them in 2D planes. Projects can now be conceived in 3D space, and 

the details can be developed to increasing levels of coordinated complexity as the project 

evolves. This creates a huge potential for visualizing and communicating information that 

has previously only been available to persons who could “read plans.” It also allows 

much earlier and more accurate feedback from clients who could understand the 3D 

models and does not have to read plans. 

Architects are uniquely qualified to be the creator and maintainer of BIM database 

but are not without challenge in the building design industry. The time to meet that 

challenge is now.45 This is an exciting time to be an architect, an engineer, or any other 

AEC industry professional because BIM is positivelly impacting the way architects 

design and think.46  

                                                 
45  Glenn W. Brix, AIA Best Practices: BIM Creates Change and Opportunity (September 2006). 
Available from http://www.aia.org/SiteObjects/files/bestpractice_13_01_04.pdf; Internet: accessed May 
2008. 
46  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p286. 
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Currently, 75% of architects are using some level of 3D, with one-third of 

those using BIM as a construction resource and one-third using it for intelligent 

modeling. These users preferred BIM to conventional 2D CAD, because of the 

visualization and value to client, greater accuracy, coordination, and efficiency…. 

Service providers (architects in this regard) would use 3D and BIM approaches 

more if owners (clients) asked for it47.  

Sophisticated clients such as The General Services Administration (GSA) are 

beginning to demand BIM (enhanced quality of service) and to change contract terms so 

as to enable to be productive.48 In fact, BIM is capable of increasing the value that 

architects can offer to clients. 

When architects were using the conventional method, the problem for most of 

them was, because of too little, less-coordinated and non-intelligent information produced 

to support the building design; they make some improper decisions. Integrating 

technology that utilizes BIM to its fullest capacity helped architects allocate greater 

focus, time, and effort in the design rather than the drafting tasks. With integrated 

practice, architects become better designers and will be able to produce improved 

building design information and quality architectural services to the satisfaction of the 

clients and for a successful project. 

The Client 

In the creation of architecture, a client is a person or group of peoples who 

provide the commission and calls the building in to being. A Client could be one person 

or much many, such as the General Service Administration (GSA). In both cases the 

client is the most important stake-holder in the exchange of building design information. 

The “Architects Handbook of Professional Practice, 2001 edition” says,  

“A client is never a what but a who, never a thing but a person. A client 

may represent a thing – a corporation, for example, or an institution. A client may 

be delegated to lead or represent a group of people – a board of directors, perhaps, 

or a building committee, the members of which may be, or become, clients who 
                                                 
47  Ibid., pp141-142. 
48  Ibid., p288. 
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act and decide matters consensually. Thus, as one defining element, a client is at 

least one person with whom at least one architect deals with on a remarkably 

intimate basis. That personal relationship is almost invariably the single most 

important determinant of project success and, ultimately, of success in practice.”49  

The nature of clients may vary from those who just need a building design that is 

exclusively and decisively originated, processed and finalized by the architect without 

any client’s involvement, to those who carefully prepare project programs and set-up 

design requirements before the design process is commenced and are decisively involved 

in its process. In the former case, the client never does anything in the design process 

apart from funding and awaiting the final deliverables. Such clients do not usually put a 

construction budget until they get an initial construction cost estimate from the architect. 

In most occasions, the client just fairly informs the area of the site, the function of the 

building, and the number of stories in the building. Even in rare cases, the client 

completely depends up on the architect’s recommendation and decision of the project’s 

function and size. In this case the client is simply a customer who is typically an end 

product receiver without any involvement in the production (design) process.  

On the other hand, there are clients who get involved in the design process 

extensively. Such clients can wisely control the selection of an architect, the type of 

service and delivery process, and the overall specifications and requirements of a 

building design.50 Careful clients make a study to identify their resources; the area of land 

they have, the budget they can allocate to a certain project type in which they want to 

invest (cost), project cost, the style of building they want to construct (appearance), and 

more building design aspects. Generally, good clients make efforts to view their buildings 

virtually before it is ever built. As long as the client is in the best position to call the 

project in to being and to lead a project team to collaborate in ways that exploit all the 

benefits of the building design his participation is a key factor and central ingredient for 

project success. Good clients have a clear idea of program, budget, and other project 

objectives, including the final appearance of the building. In rare cases there are much 

sophisticated clients such as the GSA who have very close contact with the life cycle of 
                                                 
49  AIA, The Architect’s Handbook of Professional Practice (Wiley & Sons, Inc., 2001), p53. 
50  Supra note 45, p132. 
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projects. “As of 2007 the GSA is requiring a BIM on all new projects.”51 Though the 

above are two extreme types of clients, this study assumes an average client who at least 

involves during the early stages of the design process where most decisions of a building 

design are based for its remaining lifecycle.  

Architect-Client Relationship 

Encarta, the MSN online dictionary, defines a relationship as “the connection 

between two or more people or groups and their involvement with one another, especially 

as regards the way they behave toward and feel about one another.” During a building 

design process, the ability to develop trust is at the core of relationship building among 

service providers and service recipients. This is especially true for professional service 

providers, such as architects who offer an intangible entity to their clients based on their 

expertise and the total experience of working with them. In fact the strength of architect-

client relationship is a major factor in making decision throughout the architectural 

service. According to The Architects Handbook of Professional Practice 2001 edition, 

“Strong client-architect relationships are rooted in understanding, commitment and 

effective communication and serve to reinforce client satisfaction.” There are different 

ways through which an architect could develop a strong relationship with a client. 

Keeping a client informed and encourages client’s participation, responding to the client, 

learning to speak client’s language, viewing relationships with a client from an 

empathetic perspective, and providing quality information to the client, are some of the 

ways to reinforce the relationship. The paragraphs below will discuss each of the ways of 

developing strong architect-client relationships. 

Keeping clients informed, encouraging client’s participation, and responding to 

issues from the client are important measures to keep the client satisfied in the design 

process.52 Most importantly, the architect should inform and encourage the client to 

decisively participate during the early stages of the design process. Such actions help to 

                                                 
51  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p128.  
Also The GSA is the largest “real property” client in the world, thus space management is a top priority for 
this organization. 
52  AIA, The Architect’s Handbook of Professional Practice (Wiley & Sons, Inc.; 14th Edition, March 
24, 2008), p242. 
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develop and shape the big picture of the building design based on client’s interest as early 

as possible. Early in the process, the architect and the client establish their relationship 

through mutual understanding and agreeing about expectations. The architect is expected 

to meet these expectations and inform the client in order to keep the client satisfied. As 

long as the relationship is healthy, a good architect could shape and solve any defects on 

the design process by actively responding to various issues which could be raised in 

client’s mind. In order to provide a successful architectural service, a client should be 

kept informed, encouraged, and invited to participate. In the meantime the architect 

should listen, and understand client’s need so as to respond properly to meet client’s 

needs and expectations. 

“Learning to speak client’s language is an important tactic for removing potential 

bariers to good communication between architect and owner (client).”53 While speaking 

client’s language, attentive relationship building among architects and clients leads to 

deeper relationship and helps to know and understand client’s need, which in turn 

strengthens the ability to provide quality.  

“Another essential rule for effective client communication is viewing 

relationsips with clients from an empathetic perspective. This means learning to 

see the world from the perspective of the client. ….The purpose of viewing 

projects with empathy toward clients is to build a mutual understanding that will 

result in successful commuications and ultimately in a successsful project.”54 

The quality of information provided to the client during the design process is 

paramount to the success of the design process, and hence provision of good quality 

information to the client helps to reinforce architect-client relationship. Once the 

relationship attains enough strength and maturity, improved communication is possible 

and project could be accomplished successfully.  

                                                 
53  Ibid., p223. 
54  Ibid., p231. 



Texas Tech University, Yohannes A Tessema, December 2008 

32 
 

Defining Function, Cost, and Appearance of a Building Design 

At this point, it is necessary to define three critical aspects of a building design 

which are the main subjects of architect-client relationship. When viewed in a broad 

sense, building design processes have diversified aspects. Different professionals are 

involved in its progress dealing with various aspects of the design. Architectural, 

structural, environmental, electrical, plumbing, mechanical, procurement, HVAC, facility 

management, insulation, etc are building design aspects in which many professionals get 

involved. From architectural point of view a building design incorporates many aspects 

such as function, cost, appearance, building size, proportion, harmony, design standards, 

building codes, etc. Most of these architectural aspects of a building design are esoteric in 

nature; most often are clear only to architects, artists, planners, and the like. A layman 

can hardly understand and know about all of the architectural attributes. However, the 

client typically is concerned with the function, cost, and appearance of the project and 

architecture could be easily understood to the client by these three basic premises. The 

main reason is that a client primarily invests on a certain building for the sake of a 

specific purpose. If the client is to own a building, he will certainly need to allocate a 

budget. On the other hand, if the client is going to invest on a building, the building in 

itself should attract a business and bring a return (when it is a commercial building) or, if 

it is a residential one, it should be good looking so as to create fame as well as comfort to 

the resident. How a building looks (appearance) is critical to its acceptance within a 

community and to the "pride of place" it creates among residents. In the first case, i.e. to 

bring a return, the building in itself should attract a business by displaying its gracious 

external as well as internal appearance. A good looking and quality building can attract 

customers. On the latter case, a residential building should be attractive enough so as to 

bring fame and to be a comfortable living place. Involvement of a client in regards to the 

function, cost, and appearance of a building design is much essential during a building 

design process because the quality and quantity of information contained in these three 

premises helps the client to put important decisions to the development of the building 

design so as to shape the design closer to his expectation. 

Building design information regarding the function, cost, and appearance of a 

building produced using the CM has many limitations for architect-client communication 
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because most clients can hardly understand information regarding the function, cost, and 

appearance of a building design contained in the 2D drawings and documents produced 

in this method. The symbols and graphic representations used in 2D drawings require 

professional knowledge to be interpreted and understood so as to know how they 

represent these premises of the building design. The inadequacy of this method to 

effectively communicate such building design information subjects the architect to be 

inadequately engaged in drafting tasks which are not relevant in effectively describing the 

function, cost, and appearance of the building to a client.55 

Function 

According to the book “Understanding Architecture”, 

“The Vitruvian three-part definition of architecture, incorporating utility, 

firmness, and beauty, begins with the element that, on the surface, would appear 

most straight forward, but that, since the mid-twentieth century, has proved 

extremely troublesome. This element is function. Function or the pragmatic utility 

of an object––its being fitted to a particular use was a criterion analyzed by such 

Greek philosophers as Plato, Aristotle, and Xenophon.”56 

In a building design, function has many components, the most basic of which is 

pragmatic utility, or the accommodation of specific use or activity of the entire building 

or the specific spaces and rooms in it.57 According to this, a function could be understood 

to the client with the accommodation of a specific use or activity a in certain building. 

For instance, if a building gives a religious service, its function is said to be church. If 

peoples use a building for a dwelling purpose, it is said to be a residential building. A 

building used for manufacturing is said to be a factory. Function of a specific space and 

room in a building could also be understood with the purpose of each spaces and rooms 

for which they are provided in a building. For instance, if a room has a cooking purpose, 

its function is said to be a kitchen. Function of a room used for sleeping is bed room. If 

                                                 
55  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p296. 
56  Leland M. Roth, Understanding Architecture: Its Elements, History, and Meaning (University of 
Oregon, Eugene, Westview Press; Second Edition, July 25, 2006), p12. 
57  Ibid. 
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the service of a space in a building is to transport peoples from floor to floor, its function 

is said to be either staircase, or elevator, or escalator, or ramp. Most buildings are of 

course composed of numerous rooms and other spaces with integrated functions. “A 

room might be used to contain single bed for sleeping, it could be an office cell 

containing a desk, or it could be a large orchestral hall or some other public space. It is 

obvious that all the words “sleeping, desk, orchestra” represent and stands for the specific 

function of a room in a building and the service it provides for the users.” In addition, 

function of a building could refer to the relationships and interactions among the building 

components such as rooms, spaces, furniture, materials, interior spaces, exterior spaces, 

the environment (light, weather, etc), and the need to move from one room/space to the 

other. So in this case the circulatory function of a building is also important in the making 

of appropriate spaces to accommodate, direct, and facilitate movement from area to 

area.58 

Building information contained in drawings and other related documents such as 

site plans, floor plans, and sections represent and carry information regarding the 

functional aspects of a building. Such documents help the architect to communicate the 

function of a building to the client. For a typical client, improved quality of information 

helps to get effectively communicated and be familiar with the functional aspect of a 

building. It is important that all the functional aspects of a building listed above be well 

communicated to the client during the design process. 

Conventionally, function of a building design using manual and CAD approaches 

is vague for clients because the graphic representation of drawings and other documents 

is only clear to the professionals involved in the design process. With the exception of 3D 

illustrations (which are rarely provided in this case) and texts which are written on the 

drawings to tell the function of rooms and other spaces in the building, all the remaining 

2D representation of the building, the rooms and other spaces in it, furniture, and utilities 

is quite abstract to provide information about function of a building to a typical client. 

                                                 
58  Ibid., pp15-16. 
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Cost 

In building design and construction, cost estimation is the act of predicting the 

approximate total cost of labor, materials, capital, and professional fees required to 

construct a proposed project. It is computed on the basis of available information. 

According to the Business Dictionary online, four common types of cost estimates are: 

(1) Planning estimate: rough approximation of cost within a reasonable range of values, 

prepared for information purposes only. (2) Budget estimate: approximation based on 

well defined cost data. (3) Firm estimate: based on cost data and enough to a binding 

contract. (4) Not-to-exceed /Not-less-than estimate: maximum or minimum amount 

required to accomplish a given task, based on firm cost estimate. This study is limited to 

the first two estimates which are much important to the client and basically made during 

the early stages of a design process so as to give the general preliminary cost estimate of 

a building and help the architect and client fix the design budget and progress forward. 

Since most projects have limited budgets, cost considerations significantly 

influence almost all issues of a building design from building size and configuration to 

material selection and detailing. Budgets are fixed by the amount of financing available 

from the client, or they may be flexible and come into focus in the design process. Early 

when clients engage an architect, it is necessary to determine whether a building of a 

given size, quality level, and desired program requirements can be built within a given 

cost and time budget, i.e. can a given building meet the financial requirements of a client? 

If this question can be answered with relative certainty, it could be said that cost 

information is improved so that the client can then proceed with the expectation that his 

goals are achievable. Of course, improved cost information helps the architect and client 

establish clear guidelines for the basic decisions to take place during the design process. 

With the use of conventional methods, owners use estimates to baseline their 

project cost and perform financial forecasting. Often, these estimates are created using 

square foot or unit cost methods, by an owner representative or estimating consultant. 

Cost estimations by using the CM do a little to reduce the inefficiency, wastage due to 

errors, and escalating costs that are too common in the design process. Finding out that a 
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particular design is significantly over budget after a considerable amount of time and 

effort has been expended is wasteful. 

Appearance 

Encarta, the MSN online dictionary, defines appearance as “the way somebody or 

something looks or seems to peoples.” The nature of visual attributes of objects, such as 

size, shape, color, texture, glossiness, transparency and opacity constitutes the appearance 

of a building design. In addition, the windows, façade, roof shape, size and rhythm of 

openings, trim and details, and materials and color are among the basic articulations that 

give a building a specific (certain) appearance. In building design how a building looks is 

critical to its acceptance with a community and to the "pride of place" it creates to the 

client. A good looking building presents a more hospitable front - and, therefore, a more 

attractive prospect - to the public. Just as we put our best foot forward with a neat, kempt 

appearance, a building looks its best when it is made up of attractive materials or 

attractive organization of forms in relationship to one another and with the environment. 

The two important things that constitute the appearance of a building are the form 

of the building and the aesthetics it has. Whether solid or void, form basically is the make 

or shape in a space that gives a certain mass and volume to a building so as to be 

recognized by the viewers. Aesthetics on the other hand is a form or texture 

added/subtracted to articulate the base form. When articulation is made in the form of 

form, the articulating form is relatively smaller in size than the base form. When it is 

made of texture or material, it most often is painted, fixed or plastered to the surface of 

the forms. Articulation could be made by subtracting volumes of spaces from the basic or 

additional forms using a certain shape. The function and form of the building helps the 

architect decide what articulation to add so as to get an attractive aesthetics. 

Building design information held in elevations, 3D models, perspectives, material 

or finish specifications, and animations of a building design provide information 

regarding the appearance of the building to the client. Such documents reinforce the 

ability of an architect to communicate the appearance of a building design to a client. For 

a typical client, improved quality of information about appearance of a building helps 

him to be effectively communicated and familiarized with the building. It is important 
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that all the appearance aspects of a building design listed above be well communicated to 

the client during the design process. 

Conventionally, information regarding appearance of a building design using 

manual and CAD approaches is much limited to represent and reveal appearance of the 

building to the client. It is made to be clear to professionals involved in the design 

process. With the exception of 3D illustrations (which are rarely provided in this case) 

and information about the size of the building, all the remaining 2D representation of 

appearance of a building is quite abstract to a typical client. 

Design Process 

According to BIM Handbook, design is the activity where a major part of the 

information about a project is initially defined and the documentation structure is laid out 

for information added later.59 While designing, details are continuously added to the 

critical design ideas in the process. Depending on the needs and preferences of a client as 

well as the level of building design information solution development of an architect, the 

scope of design process can be simple or elaborate. 

The American Institute of Architects (AIA) Document B141, the most commonly 

used form of owner-architect agreement, establishes five project phases (design phases) - 

Schematic Design, Design Development, Construction Documents, Bidding/Negotiation, 

and Construction.60 The traditional contract for architectural services suggests a payment 

schedule (and thus the distribution of effort) to be 15% for schematic design, 30% for 

design development, and 55% for construction documents. 61 This distribution reflects the 

weight traditionally required for the production of construction drawings. As the project 

progresses forward across the phases, quantity and detail of the documents apparently 

increase (See figure 10 below). 

                                                 
59  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p153.  
60  AIA, The Architect’s Handbook of Professional Practice (New Jersey, Wiley & Sons, Inc.; 14th 
Edition, March 24, 2008), p524. 
61  Ibid., 1994 Edition. 
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Figure 10: The Design Process 
 (Image courtesy of HKS Inc.) 

The paragraphs below describe and expalins each of the current “state of the 

industry” design phases. Whether a project is done using conventional method or BIM or 

a mix of both, current architectural practice is based on these phases of the basic 

archietectural services. These phases are basically derived based on building design 

information contained in the drawings and documents of the conventional metod. 

Schematic Design phase: - is "the phase of the architect's services in which the 

architect consults with the owner to ascertain the requirements of the project and prepares 

design studies consisting of drawings and other documents illustrating the scale and 

relationships of the project components for approval by the owner." Schematic Design's 

primary objective is to develop a feasible conceptual design of the project through 

creating and evaluating a series of general schemes that take into account the established 

program and budget. 

Design development: - is the period in which the approved schematic design 

receives the refinement and coordination necessary for a really polished work of 

architecture. Detailed floor plans, sections, elevations and an outline specification 

defining materials, finishes and systems, as well as an updated construction cost estimate 

are produced. Colors, patterns, materials, lighting fixtures and special equipment and 

building materials are selected and reviewed. Thus, the primary purpose of design 

development is to further define and describe all important aspects of the project so that 

what remains is the final step of creating construction documents. The refinement made 



Texas Tech University, Yohannes A Tessema, December 2008 

39 
 

during design development phase minimizes errors that could be costly and likely to lead 

to coordination problems during construction.62 

Construction documents: - The approved definitive design documents are 

developed in to comprehensive construction drawings and specifications that are used to 

secure a building permit, to competitively bid the work among qualified contractors and 

ultimately as the basis for the construction of the project. This phase centers on graphic 

representation of all building materials and elements in a format useful to contractors, to 

further integrate "buildability" into the many details which must be determined and 

documented 

Bidding/Negotiation and Construction: - The designers must remain involved 

to help clients on preparing bid procedures and selecting contractors. When construction 

is started, they should review the build frequently to ensure that misunderstandings do not 

happen. If problems come up, solutions must be found quickly and within the budget. 

Until BIM processes change the nature and character of the design phases 

currently in use, the AEC industry will continue delivering building design and 

construction based on these phases. In BIM the design process becomes iterative with 

high frequency cycle and growth periods. Overtime, we expect the sequences of 

information building process with BIM to be better defined as phases, which are different 

from SD, DD, and CD, to become more structured and part of regular practice.63 Much of 

the advantages are attributed to standardizing work processes and capturing knowledge 

digitally, rather than through labor intensive manual and paper based process. 

“Figure 14 illustrates the relationship between design effort and time, 

indicating how effort is traditionally distributed (line 3) and how it can be re-

distributed as a result of BIM (line 4). This revision aligns effort more closely 

with the value of decisions made during the design and build process (line 1) and 

the growth in the cost of making changes within the project lifetime (line 2). The 

chart emphasizes the impact of early design decisions on the overall functionality 

                                                 
62  AIA, The Architect’s Handbook of Professional Practice (New Jersey: John Wiley & Sons, Inc.; 
14 edition, March 24, 2008), p526. 
63  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p191. 
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of the project. BIM transfers the focus of Conventional Method on Construction 

Documents toward the early stages of the design process.”64 

 
Figure 11: BIM vs CM distribution of design effort and time 

(Image from BIM Handbook) 
 

Among the design phases explained above, the schematic design phase is the 

initial and most important phase where the architect and the client make the most 

important and definitive decisions on the function, cost and appearance of the 

architecture, and hence the most important decisions for the remaining project phases. 

The Schematic Design phase 

AIA Document B101-2008 identifies the first phase of basic building design 

services provided by the architect to the client as schematic design phase. 

“In these instances, design development may be brief (or in the most 

extreme cases, nonexistent)….  The architect shall provide schematic design 

documents based on the mutually agreed up on program, schedule and budget for 

the cost of the work. Typical documentation during this phase are drawings at the 

smallest scale that can clearly illustrate the design concept and includes a 

conceptual site plan, preliminary floor plans for each level, key sections and all 

exterior elevations, an outline specification, a statistical summary of the design 

area, a preliminary construction cost estimate. At the architect’s option, the 

schematic design documents may include physical study models, perspective 
                                                 
64  Ibid., p153. 
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sketches, computer renderings and simulations, electronic 3D models, brochures 

or promotional materials or combinations of these media. Preliminary sections or 

major building systems and construction materials shall be noted on the drawings 

or described in writing. Schematic design establishes the general scope, 

conceptual design, and scale and relationships among the components of the 

project. The primary objective is to arrive at a clearly defined, feasible concept 

and to present it in a form that achieves client understanding and acceptance. The 

secondary objectives are to clarify the project program, explore the most 

promising alternative design solutions, and provide a reasonable basis for 

analyzing the cost of the project…. For some straight forward or repetitive 

projects, the schematic design may be sufficiently clear for both owner and 

architect to proceed directly to construction documents with confidence.”65 

Development during this phase involves meetings with the Planning Committee 

and other representatives to study and analyze the project requirements. From these 

meetings and the building program, the architect prepares schematic design studies 

consisting of drawings and other documents illustrating the scale and relationship of 

project components, including such considerations of structure and materials as may be 

appropriate at this time. The architect is expected to continue generating studies until they 

arrive at a clearly defined, feasible concept that meets the project requirements and is 

approved by the client. The architect may work with the client to clarify or modify 

program as necessary and update construction cost estimates to ensure that the project 

remains within the previously determined budget. Feasibility, pre-design, and schematic 

design (SD) are of critical importance, where the major functional, costs, and appearance 

benefits of a building design are determined.66 

Conventionally, the bulk of the time spent on a design project is in the detailed 

design and construction document phases of a project, but the building's general function, 

cost, and appearance are largely fixed very early on, during conceptual design. Because 

the conceptual design is so crucial to the final building design, it would make sense to 
                                                 
65  AIA, The Architect’s Handbook of Professional Practice (New Jersey: John Wiley & Sons, Inc.; 
14th Edition, March 24, 2008), p525. 
66  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p153. 
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have a consistent flow of digital building information from beginning to end. However, in 

the CM the conceptual modeling tools and the detailed design tools are usually separate 

environments (unrelated software solutions). So, digitally speaking, the building models 

resulting from these two design stages have no association.  

“The drawbacks of disconnected schematic and detail design models are 

clear. First, there's the circuitous transition from one to the other. Importing and 

exporting files can be time consuming and error prone. Important building 

information captured during the schematic design is lost, most notably design 

intent. And what happens if the design has already progressed to the detailed 

design tool, but there's an unexpected change to the schematic design (due 

perhaps to a last-minute client revision)? Do you revise the conceptual model, 

import it into the detailed design model and try to manually synchronize the 

models?”67 

Research Problems 

No matter what a skill and level of experience an architect has, the early parts of a 

building process are critical but hard to quantify. Many professionals in the building 

design process use pen and paper or basic computer tools such as spreadsheets to keep 

track of program information. This information typically piles up and is difficult to 

convey to the production teams or the participants of the building design. From stand-

alone lists and diagrams, data has to be reentered in the detailed design tools. From our 

day to day activities it is apparent that without a strong system to manage this important 

step of the project process, errors develop and rework is common. Conventionally, early 

stages of the design process are given less importance and the biggest focus is given to 

the construction documents. The traditional contract for architectural services suggests a 

payment schedule (and thus the distribution of effort) to be 15% for schematic design, 

30% for design development, and 55% for construction documents.68 After its 

introduction, it became obvious that BIM empowers the project team and substantially 

                                                 
67  Rundell, Rick AIA (Cadalyst), BIM Concept to Completion (May 15, 2005), Available from 
http://aec.cadalyst.com/aec/article/articleDetail.jsp?id=161073, Internet; accessed 13 March 2008. 
68  AIA, The Architect’s Handbook of Professional Practice (New Jersey: John Wiley & Sons, Inc.; 
1994). 
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targets the collaboration of various stakeholders at different phases of the building 

lifecycle, because BIM approaches are based on digital 3D virtual models and data base 

documents which improve building design process throughout its life cycle but most 

often considered a production tool and exclusively used during the design development 

and especially the construction documents phase.69 Current practices show that many 

consultants and team members still relayed on conventional 2D drawings to produce 

schematic design documents and this led to a hybrid approach for document generation, 

requiring conventional methods for the early stages and then BIM for detailed design 

levels.70 Today, BIM is commonly used as a tool for architects to create construction 

drawings within a well-defined deliverable process feeding the architectural design tasks 

with useful and more complete information from the client. Most architects and other 

practitioners in the AEC industry believe that BIM model creation tools are generally too 

complex to be used for sketching and form generation and paper and pencil remained the 

dominant tools for design tasks during the early phases of a design process. Though 

analyses anticipated evolutionary progress in buildings lifecycle with effective concept 

design systems solutions emerging, not a single project has yet realized all or even a 

majority of BIM’s potential benefits throughout the design process, and it is doubtful that 

all of the benefits that the technology enables have been discovered or even identified.71 

More specifically, benefits of BIM for improving building design communication 

between architects and clients in the schematic design phase has not yet been fully 

analyzed and interpreted. When BIM is managed as if it is simply a more sophisticated 

version of CAD, its power to enable rapid exploration and evaluation of design 

alternatives during this phase is overlooked. Architects most often use conventional 

design and communication methods to do the schematic design of a building and then re-

draw and re-work using BIM tools as they progress to the Design Development and 

Construction Document phases.72 The question arises: Is BIM being used to its fullest 

extent?  Do conventional methods of delivering schematic design, including manual 
                                                 
69  Supra note 65, p166. 
70  Ibid., p464. 
71  Supra note 65, p319. 
72  Trelligence: Trelligence Affinity for ArchiCAD User Guide, (Houston, Texas: Trelligence, Inc., 
Version 5, 2007), p1, see also Rundell, Rick AIA (Cadalyst), BIM Concept to Completion (May 15, 2005), 
Available from http://aec.cadalyst.com/aec/article/articleDetail.jsp?id=161073, Internet; accessed 13 March 
2008. 
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drawings and Computer Aided Design and Drafting (CADD), limit the exchange of 

building design information between architects and clients? Is perhaps BIM an invaluable 

technology for facilitating and improving the communication between architects and 

clients during the schematic design process?  Will BIM shift the decision-making to a 

much earlier part of the design process and allow the planning teams to predict the 

potential outcomes of various ‘what-if’ scenarios? And generally, can BIM improve 

information and hence communication between the architect and client in the schematic 

design phase? 

Significance of the study 

The long term goal of this research is to improve building design communication 

between architects and clients during building lifecycle. The objective of this study is to 

understand how BIM could improve the quality of information available to the architect 

and client, and hence improve architect-client communication in the schematic design 

phase. The investigator aims to show that BIM can produce schematic design documents 

that deliver a superior quality of information about the function, cost, and appearance of 

the building and therefore improve architect-client communication. It is the hypothesis of 

the investigator that BIM can enhance the quality of information in the schematic design 

phase improving architect-client communication. The investigator of this research 

believes that the use of BIM as an accurate decision-analysis tool in the schematic design 

phase (to connect the conceptual and detailed design stages) safeguards the design 

process from being time consuming, error prone, information loss, and improve project 

success and client satisfaction. 

This study will document how BIM assists architect-client communication of the 

function, cost, and appearance of a building in the schematic design phase. The outcome 

of this study will improve the understanding of how BIM could improve building design 

communications between architects and clients. The long term impact of this study is 

improvement of building design communications between architects and clients. 
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CHAPTER II 
RESEARCH METHOD 

Case Study 

In order to find out the extent to which BIM technologies improve building design 

communication between architects and clients in the schematic design phase of a design 

process, a case study method of research will be used throughout this study. Case study is 

one of several ways of doing social science research. Other research methods include 

experiment, survey, history, and analysis of archival information. 

According to the book “Architectural Research Methods”,  

“A case study is an empirical enquiry that:  

• investigates a contemporary phenomenon within its real-life context, 

especially when 

• the boundaries between phenomenon and context are not clearly evident. 

… The case study inquiry: 

• copes with the technically distinctive situation in which there will be many 

more variables of interest than data points, and as one result  

• relies on multiple sources of evidence, with data needing to converge in a 

triangulating fashion, and as another result 

• benefits from prior development of theoretical propositions to guide data 

collection and analysis.”73 

The case study as a research strategy comprises an all encompassing method––

covering the logic of design, data collection techniques, and specific approaches to data 

analysis. In this sense, the case study is not either a data collection tactic or merely a 

design feature alone but a comprehensive research strategy. Case studies can be based on 

any mix of qualitative and quantitative information that serve as evidences. In addition, 

case studies need not always include direct, detailed observations of information as a 

                                                 
73  Linda Groat and David Wang, Architectural Research Methods (New Jersey: John Wiley & Sons, 
Inc., 2002), p346. 
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source of evidence.74 In general, case studies are the preferred strategy when “how” or 

“why” questions are being posed, when the investigator has little control over events, and 

when the focus is on contemporary phenomenon within some real-life context. This study 

aims to answer “how” BIM could improve building design communication between 

architects and clients in the schematic design phase. 

A case study could be classified as explanatory, descriptive, exploratory, or some 

combinations of these.75 Among these classifications, this study is based on a descriptive 

approach where comparison of the two methods of building design, Conventional and 

BIM, is made by describing their capability to improve architect-client building design 

communication. In the meanwhile, explanatory case study will also be used in 

combination with descriptive case study to explain the properties and aspects of both 

methods in regards to their potential for providing building design information.  

Specifically, this study will compare conventional and BIM schematic design 

documents of a typical project to determine if BIM is capable of producing better quality 

of information, and therefore improve architect-client communication. Table 1 lists the 

typical building design documents provided to the client at the end of the schematic 

design phase required to meet the professional standard of care established by the AIA.76 

The table also groups the building design documents in regards to the type of information 

they produce to describe the Function, the Cost, and the Appearance of a building. Each 

of these documents provides building design information needed to communicate the 

Function, Cost and Appearance of the schematic design to the client. 

Table 1: Typical documentation at the end of the Schematic Design phase 
FUNCTION  COST  APPEARANCE 

Site plans  Preliminary 
construction 
cost estimate

Elevations 
Floor plans  3D model (optional) 
Sections  Illustrative Materials (optional and 

includes rendering, physical model 
& computer simulation) 

Statistical summary of design area 
Outline specifications 
  
                                                 
74  Robert K. Yin, Case Study Research: Design and Methods; Applied social research methods 
series; Volume 5), (Thousand Oaks, California, USA: Sage Publications Inc, Third Edition, 2003), p13-15. 
75  Supra note 71. 
76  AIA, The Architect’s Handbook of Professional Practice (New Jersey: John Wiley & Sons, Inc.; 
1994), p638. 



Texas Tech University, Yohannes A Tessema, December 2008 

47 
 

The subject of comparison will be conventional schematic design documents 

developed by a leading architecture firm for a medium scale architectural project and 

BIM schematic design documents developed by the investigator for the same project. An 

appropriate BIM tool will be selected out of the currently available BIM tools for 

architectural services, especially for the schematic design phase.  

Currently there are more that 30 BIM software solutions produced for the AEC 

industry about seven of which are specifically designed for architectural services. These 

BIM software solutions for architectural service could be classifies as Macro and Micro 

tools based on the level of detail they provide and the specific design phase they serve.  

Macro tools help to produce architectural design documents of the early stages of 

the design process. The name Macro is due to their nature to produce design documents 

and cost estimation based on schematic drawings of less detailed drawings. Trelligence 

Affinity and D-Profiler are currently widely used software solutions to extend BIM to the 

pre-design phase of building projects at macro level.77 Affinity, developed by Trelligence 

Inc., is an architectural programming, space planning, and schematic design application 

in conjunction with building projects. It extends BIM to the pre-design phase of building 

projects.78 An integral part of the BIM process, Affinity automates the pre-design stage of 

the building life cycle and delivers on the promise of interoperability for planning 

architectural projects. It generates schematic design reports and schematic cost estimates 

based on primary data inputs and spaces and areas of schematic drawings. In addition, it 

includes customizable questionnaires, spatial relationships, finish details, and size/cost 

constraints to capture, track, and evaluate project and client requirements (See Figure 

12”a” and “b”). Because Affinity has bi-directional integration with Graphisoft's 

ArchiCAD and Autodesk Revit, once the schematic design has been finalized, it can be 

exported to BIM applications for further development. The bi-directional link allows the 

design development in these BIM applications to continue to be tracked against the 

client's requirements captured in Affinity. Affinity highlights project and client 
                                                 
77  Chuck Eastman et al., BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), pp158, 
171, 302. 
78  Lachmi Khemlani, “AECbytes: Analysis, Research, and Reviews of AEC Technology,” Issue#30 
00at ,  May 24, 2007, Available from 
http://www.aecbytes.com/buildingthefuture/2007/AIA2007_Part2.html , Internet; accessed 13 March 2008. 
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requirements not being met or correctly defined and provides an explanation to help the 

architect make important decisions about the design. DProfiler in association with 

RSMeans is a macro tool basically used for construction cost estimates. So, Affinity will 

be used to produce preliminary sketches, preliminary construction cost estimates, and 

other schematic design reports in this study.  

BIM software solutions at Micro level produce building design documents that 

hold more detailed drawings, design reports, and related documents. In addition, they 

produce construction cost estimates base on detailed building components. Unlike macro 

tools, micro tools depend on highly detailed building components, finished drawings and 

documents so as to provide closest cost estimates. Graphisoft’s ArchiCAD and 

Autodesk’s Revit Architecture are the most widely used BIM software solutions at Micro 

level. Though both ArchiCAD and Revit are widely used today, ArchiCAD is used in this 

study to further enhance and develop the schematic design documents produced in 

Affinity so as to bring the design documents to a relatively detailed and finished 

schematic design level. The reason for selecting ArchiCAD to produce the design 

documents in this study is because, when the investigator was planning this study, 

Graphisoft’s ArchiCAD was the only available BIM tool that offered an open Application 

Programming Interface (API) which could be used in Affinity bi-directional integration.79 

 
Figure 12: Affinity generated schematic design drawings and documents  

(Image courtesy of Susan Smith, AEC Weekly) 
 

                                                 

79  Susan Smith, AEC Weekly: Pre-Design Tool for Revit and ArchiCAD BIM Tools, (02 July 2007) 
available from http://www10.aeccafe.com/nbc/articles/view_weekly.php?articleid=406185, Internet; 
accessed 15 March 2008. 
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After the BIM schematic design documents have been produced by using Affinity 

and ArchiCAD, the quality of information contained in the CM and BIM documents will 

be identified and analyzed with the help of descriptive case study approach. These two 

sets of documents will be evaluated for their quality of building information. Comparison 

and evaluation will be made to the building design documents produced in both methods 

in regards to the Function, Cost, and Appearance of the building provided in both 

methods. 

The BIM documents must first meet the standard of a conventional schematic 

design set.  The list of required documents listed in Table 1 will be examined for the 

quality of information they hold so as to determine the BIM sets efficacy of providing a 

comparative set of documents. If the BIM set meets these standards then the two sets will 

be evaluated to determine if the BIM documents can provide better quality of information 

than the CM.  To analyze this, the qualitative attributes of building design information 

will be first identified. Each and every document produced using the CM and BIM will 

be evaluated in response to these attributes. It is assumed if BIM provides improved 

building design information it can logically be argued that improved building design 

communication between architects and clients will take place.   

Of course, the time to create each set of documents has to also be compared. If a 

BIM set of drawings take 200% more billable hours than a conventional set then the 

appropriateness of utilizing BIM must be considered. The “cost” of doing the two sets of 

schematic documents will be determined by comparing the number of hours it takes the 

investigator to produce the BIM set with the firm’s billable hours for producing a 

conventional set. This data will be provided and so the reader can also make appropriate 

comparison to the relative “cost” of their production. 

The schematic design proposal for Eastfield College-Parent Child Study 

Center, Dallas County Community College district designed by HKS Inc80., is 

proposed as a case study for this research. The study center comprises various school 

                                                 
80  HKS is a leading architecture firm for more than 65 years with offices in 23 towns worldwide. It is 
among the top-three nationwide and top-ten worldwide architecture firms recognized for award-winning 
architectural, interior design and planning services. 
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facilities serving children of ages ranging from infant to school age. This project has an 

approximate area of 20,030 sq. ft and a project budget of $5,378,414.00.  

           

 
Figure 13: Schematic floor plan and perspective produced using CM. 

 

 
Figure 14: Schematic floor plan and interior perspectives produced using BIM. 

(Image from http://aec.cadalyst.com) 

Limitations of the Study and Expected Problems 

It has been around four years since the BIM phenomenon started to gain 

momentum, and we are at the point where BIM solutions have reached a certain level of 

maturity. Though, according to the maturity level set by the NBIMS, current BIM 

solutions are yet at their earliest stage and a lot of work is expected from software 

developers so as to reach at the desired maturity level. In fact BIM is a work in progress. 

As it develops and its use becomes widespread, the extent of its impact on the way in 

which buildings are designed will become more apparent. Of course BIM is in use today 

and is flourishing, but it carries many of the problems of the past.81 None of the tools 

available today support the full scope of conceptual design services. Because of the above 

                                                 
81  NBIMS, National Building Information Modeling Standard: Version 1.0, Part 1: Overview, 
Principles, and Methodologies. (Washington, DC: National Institute of Building Sciences, 2006), p35. 
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and other reasons associated with maturity of BIM for building design drawings and 

documents production, the investigator expects some limitations as well as technical 

problems in this study. The following problems are expected to happen throughout the 

study: - 

• Issues associated with interoperability among BIM tools for early design stages, 

• The investigator has self-learned Affinity, DProfiler and ArchiCAD while doing 

this study, and primarily for the purpose of this study. So, compared to the 

drawings and documents a skilled user of current BIM tools can produce, the 

documents that will be produced by the investigator could have less quality of 

information. Similarly, an experienced user could produce more documents in a 

relatively shorter period of time. Nevertheless, better documents should be 

produced in comparison to the CM. 

• As long as current BIM software programs are not matured enough to produce an 

ideal BIM database documents, the building design documents to be produced 

will have some limitations in comparison to the maturity level set by NBIMS (see 

figure 15 below). Though, they should still be much informative than the 

documents produced using the CM. Currently, according to the NBIMS, for a 

building design document to be considered BIM, its maturity level should be a 

minimum of 20.1%.82 Otherwise, it will be just an intelligent document with good 

drawings and excellent visualization.83 

In fact, high quality of BIM documents with such kind of maturity level and 

standards may not be achieved for the next few years. But it is believed that these 

characteristics are all essential for reaching the goal of BIM’s integrated practice. 

Furthermore, there are no current implementations of BIM software that meet all 

of the BIM technology criteria. Overtime, the maturity and capability will grow as 

will the ability to support better and more extensive practice. 

                                                 
82  Ibid., 75. 
83  Ibid., 37. 
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Figure 15: Example of a BIM achieving a ‘Minimum BIM’ Maturity Level as seen in the Interactive CMM 

 (Image from NBIMS) 
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CHAPTER III 
ANALYSIS AND DISCUSSION 

Analysis Method 

Analysis of the qualitative attributes of the Function, the Cost, and the 

Appearance of schematic design documents produced using the CM and BIM will be 

used to compare and evaluate both methods. Specifically, this study will compare the CM 

and BIM schematic design documents of a typical design project to determine if BIM can 

improve the quality of information and therefore architect-client communication.  Table 2 

lists the typical building design documents provided to the client in the schematic design 

phase required to meet the professional standard of care established by the AIA.84 The 

table also groups the building design documents in regard to the type of information they 

produce to represent the function, cost, and appearance of a building. Each of these 

documents provides building information needed to communicate the Function, the Cost 

and the Appearance of the schematic design to the client. 

Table 2: AIA B141 Schematic Design documentation 
FUNCTION  COST  APPEARANCE 

Site plans  Preliminary 
construction 
cost estimate

Elevations 
Floor plans  3D model (optional) 
Sections  Illustrative Materials (optional and 

includes rendering, physical model 
& computer simulation) 

Statistical summary of design area 
Outline specifications 

After producing BIM schematic design documents using Trelligence Affinity and 

ArchiCAD, which are among the widely used BIM tools and selected for this study, the 

quality of information contained in the CM and BIM documents will be identified and 

analyzed. These two sets of documents will be evaluated for their quality of building 

information. Comparison and evaluation will be made to the building design information 

produced in both methods in regards to the Function, Cost, and Appearance of the 

building design provided in both methods. 

The BIM documents must first meet the standard of a conventional schematic 

design set.  The list of required documents listed in Table 2 will be examined for the set 

                                                 
84  AIA, The Architect’s Handbook of Professional Practice (New Jersey: John Wiley & Sons, Inc.; 
1994), p638. 
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of documents they provide so as to determine the efficacy of BIM to provide a 

comparative set of documents.  

Comparison will be based on qualitative attributes of the schematic design 

documents. Qualitative information contained in a building design ultimately helps to 

measure whether building information is improved by implementing BIM technologies. 

The list below outlines attributes of building design information which could be 

considered qualitative. The investigator implemented two mechanisms to identify these 

qualitative attributes of information. First, a literature search is made to define the term 

‘Quality’ and then the attributes those apply to building design are taken. Second, the 

problems of current AEC industry are studied and out of which those which could be 

considered quality issues are identified. Based on this, attributes of building design 

information implemented in this study to evaluate qualitative improvement of building 

design information of the schematic design documents are provided below. Each attribute 

is defined in regards to building design information during the schematic design phase. 

• Responsiveness: - is the ability to respond to project requirements which 

basically shape the design process to appropriately address client’s interest. 

Requirements are expectations or preconditions set by architect and client (based 

on client’s interest) so as to get documents which are predetermined to produce 

specific building design solutions. Responsive documents appropriately address 

project requirements and hence improve architect-client communication. 

• Conflict Detection: - is the capability of detecting and reporting of any conflicts 

such as undesirably overlapped, duplicated, joined, and improperly oriented 

building components. 

• Relationship: - linking is the process of connecting, associating and relating a 

building design document to additional and supporting documents in the same 

and/or separate interface/application. Linked documents support and enrich the 

building design information within the host document and improve architect-

client communication. 

• Modification: - is the ease/difficulty by which a design document is altered 

(edited/changed/updated). An easily modifiable design document helps to 
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effectively address project requirements and produce appropriate building design 

information which is basically decisive for improved architect-client 

communication. 

• Customization: - is the ability to allow for providing alternative options and 

flexibility of building design documents. By providing wide range of options and 

flexibility of building design information, a customizable building design 

document improves client-architect communication. 

• Accuracy: - is the exactness or closeness of representation of building design 

information with the help of design documents. Accurate building design 

information safeguards the design and financial interests of a client and as a result 

is paramount to the improvement of architect-client communication. 

• Collaboration: - Collaboration is the act of working together with one or more 

people in order to achieve coordinated building design information. It also is the 

association of various building design documents to produce organized building 

design information. The degree to which an approach/application allows for 

collaboration among stakeholders and documents is a reflection of quality. Well 

coordinated and organized information is critical to improve architect-client 

communications. 

• Intelligence: - in a building design intelligence refers to the ability of an object to 

identify and know the real world building component it is representing.  By clearly 

defining building components and improving the quality of information, 

intelligent objects and documents improve architect-client communication during 

the schematic design phase. 

• Representation: - is the ability of a design approach/application to visually define 

and represent the exact building construction materials. By providing visually 

communicative and clearly identifiable building design information, well defined 

and represented documents improve architect-client communication. 

As formerly mentioned in this paper, quantity of information in building design 

documents is important for architect-client building design communication. In fact BIM 

could produce more quantity of documents with in shorter period of time than the CM but 

as far as the intent of this study is not related to time issue the role of quantity of building 
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design information for improved architect-client communication will not be part of this 

study. 

Tables 3 below summarize and outline qualitative attributes of building design 

information in regards to the function, cost and appearance of schematic design 

documents. These attributes are used as subjects of comparison in the analysis of this 

study.
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Table 3: Qualitative attributes of building design information 

 

A rubric will be developed to summarize the comparison in each section and to 

finally sum up and summarize the qualitative attributes used for the comparison. A rubric 

is a good mechanism to provide a brief and easy summary of the comparison because it 

has an associated scale upon which the scoring of the rubric is based. The scale will 

include a range of possible performances arranged in order from best to poorest 

performance. The range of performance is then divided into various levels of 

performance. The number of divisions made is based on the ability to clearly separate the 

various performance levels because doing so helps assure that the scale can be reliably 

rated.  

Function 
Components Attributes 

Site Plan  
 

 

Responsiveness 
Conflict detection 
Customization 
Modification 
Relationship 
Coordination 

Floor Plan Responsiveness 
Conflict detection 
Customization 
Modification 
Relationship 
Coordination 

Section Customization 
Modification 

Statistical Summary 
of Designed Area 

Responsiveness 

Cost 
Components Attributes 

Preliminary Cost 
Estimation 

Responsiveness 
Modification 
Accuracy 
Relationship 

Appearance 
Components Attributes 

Elevation Customization 
3D Model Intelligence 

Responsiveness 
Conflict detection 
Customization 
Modification 
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Schematic Design Documents Produced Using Conventional Method (CM) 

Table 4 lists the schematic design documents of Eastfield College-Parent Child 

Study Center produced using the CM. For a complete list of drawings, documents and 

illustrative materials see Appendix A. 

Table 4: Typical Conventional Method (CM) documentation at the end of the Schematic 
Design phase 

FUNCTION  COST  APPEARANCE 
Site plans  Preliminary 

construction 
cost estimate

Elevations 
Floor plans  3D model (optional) 
Sections  Illustrative Materials (optional 

and includes rendering, physical 
model & computer simulation) 

Statistical summary of 
design area 
Outline specifications 

Schematic Design Documents Produced Using BIM 

“The importance of drawings is expected to decline as BIM becomes ubiquitous 

on construction sites, but drawings are unlikely to disappear until digital display 

technologies are flexible and hardy enough for everyday use onsite.”85 For this purpose, 

during the design process, BIM produces drawings that could be plotted. Until the 

maturity and development of BIM comes with its own versions of the Schematic Design, 

Design Development, Construction Documents, and Construction phases, the AEC 

industry will be using the same phases of the design process to the CM. Table 5 lists the 

schematic design documents of Eastfield College-Parent Child Study Center produced 

using BIM. For complete list of drawings, documents and illustrative materials see 

Appendix B. 

 

 

 

                                                 
85  



Texas Tech University, Yohannes A Tessema, December 2008 

60 
 

Table 5: Typical BIM documentation at the end of the Schematic Design phase 
FUNCTION  COST  APPEARANCE 

Site plans  Preliminary 
construction 
cost estimate

Elevations 
Floor plans  3D model (optional) 
Sections  Illustrative Materials (optional 

and includes rendering, physical 
model & computer simulation) 

Statistical summary of 
design area 
Outline specifications 

BIM technologies are capable of producing the AIA B141 required schematic 

design documents. Moreover, it is capable of producing additional documents to those 

required by AIA B141 (see Appendix B). Now this has been proved and it is possible to 

progress ahead to compare the schematic design documents produced using the CM and 

BIM. If it is proved that BIM generated schematic design documents are capable of 

improving the quality of building design information, it is previously argued that 

architect-client building design communication in the schematic design phase will be 

improved. In the next sections, comparison will be made to each of the Function, Cost, 

and Appearance of a building design one by one. Each attribute will be discussed in 

regards to the respective document. These qualitative attributes of building design 

information will be the subject of comparison and evaluation. The contents of each and 

every set of document will be examined based on AIA B141 and then the quality of 

information in the CM will be evaluated and compared with that of BIM. Finally, a 

summary and conclusion will be given to determine if BIM can improve building design 

information and hence architect-client building design communication. 
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Function 

Schematic design documents such as site plans, building floor plans, building 

sections, statistical summary of design area, and outline specification hold and provide 

information of a building design regarding function. It is the investigator’s prediction 

that, when compared to building design information provided by the conventional 

method, BIM provides superior information about function of a building. By superior we 

mean schematic design documents which have a complete or better capability of 

addressing the qualitative attributes of building design information defined and discussed 

early. With BIM, much of the benefits are attributed to standardizing work processes and 

capture knowledge digitally, rather than through labor intensive manual process. 

Comparison of functional attributes of building design documents produced by the 

Conventional Method (CM) and Building Information Modeling (BIM) is given below. 

The comparison is made in regards to the qualitative attributes of information in the 

schematic design documents. 

Site Plan 

Site plan is a drawing showing the property-lines and any structure resting on a 

typical land (house, garage, fence, tree, etc). Schematic design of site plan typically 

includes placement of building and other site components on the site, orientation and 

massing of building, and the overall layout and relationship of site components. Site plan 

is an important schematic design document that determines the built up area of a building 

and site facilities around it. An improvement to building design information contained in 

a site plan improves building design communication between architects and clients. Most 

of the qualitative attributes of building design information directly affect the site plan 

development and are discussed below comparing the CM and BIM.  

Responsiveness  

Requirements keep track of criteria about the function of building design and can 

be associated with any item in the project. Requirements are important aspects of 

building design because by defining the constraints and criteria for a building project, 
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whether the design complies with the site requirements and when it does not can be 

tracked. A feedback given to site requirements lets an architect and a client to know how 

accurate and reliable the building design information is. Building design requirements of 

site plan often center on a set of spatial needs defined by the program to describe the 

number and types of spaces, their respective square footages, their relationship and 

placement in regards to each other. 

Conventional Method (CM): - Site requirements are set by manually writing on a 

sheet of paper or word processing computer application. As they are completely in a 

separate format from the drawings and documents, they are compared against the site 

plan drawings by manually cross checking the requirements with the drawings. Drawing 

measurements and area calculations are usually the best mechanisms for this comparison. 

Another option is walking through the project with the help of drawings, images, and 

with the help of animation whenever provided. Such approaches take much effort and 

time and are less effective. There is no guarantee for the accuracy of drawing 

measurements and area calculation. In addition, there is an issue of overseeing site 

components, i.e. the architect may not compare each and every site components. Figure 

16a shows that the built up area of Eastfield College was required to be 19,689sq ft. Now, 

after the schematic design is complete, with the help of CAD area measurement capacity, 

the design area is calculated to be 20,030sq ft. It took an extended time to calculate area 

and make a comparision. Although such a manual approach has the drawbacks mentioned 

above, as long as there is an option of setting project requirements and a means to follow 

them up, it could be considered that CM has a minimal capability in responssiveness. 
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Figure 16a: Comparison of target and designed area 

(Image courtesy of HKS, Inc.)  

Building Information Modeling (BIM): - BIM tools for schematic design phase 

provide the capacity for digitally inserting, connecting, and capturing project 

requirements to the site plan so as to be tracked while the design is in progress; as a result 

of which an automatic response is given to whether requirements are being met or not. 

The BIM parametric building modeler coordinates project requirements across all 

representations of the project, giving the architect and the client quick feedback of the 

accuracy and reliability of the building design information. Highlight is automatically 

given to project requirements not being met or correctly addressed. Figure 16b shows that 

a requirement that hasn’t been met is detected and reported (highlighted by red). Such a 

complete capability of digitally inserting site requirements and providing automatic 

feedback by digitally tracking requirements highly contributes to the improvement of 

building design information and hence improvement in architect-client communication.  
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Figure 16b: Automatic reporting of target and designed areas (left) Affinity’s requirement capturing 

template and requirement view (Right).  
A requirement stating “Site must contain exactly 15700 sq ft of Tree with group Program. Site. 
Landscaping” was entered in affinity’s requirement capturing template. The requirement hasn’t been met 
and as a result it is highlighted by red.  

(Figure by investigator) 

Conflict Detection 

A conflict among site components is caused when there is overlapping 

information among documents. If a feedback could be given to detected conflicts the 

architect will be able to take action on time so as to fix the problems and reduce the 

resulting wastage and loss of information. In addition, a timely feedback helps to 

logically arrange and coordinate (improve) building design information among building 

components and hence improve architect-client communication.  

CM: - there is a capability of detecting conflict by manually overlying individual 

site plan drawing papers (using a translucent tracing paper or a light table or both) or by 

overlaying CAD layers to visually identify potential conflicts. Such approaches strictly 

require working with the last updated drawings and are slow, costly, and prone to errors. 

When conflict is detected later after the design is progressed to the next phase, the fix 

may require reworking the entire schematic design document. The resulting loss and 

wastage is a challenge to architect-client communication. The repetitive nature of 

information in a conventional drawing set is one cause of conflicts. Another cause is 
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complexity of organization of drawings especially for large projects. As a project 

develops and becomes more complicated, it is likely that some of the changes are not 

“picked up” in all places affected in the documents. 

BIM: - In BIM the viewing of the spaces and other components represented in the 

site plan through the 3D scenes of the model with the help of detailed computer 

visualization of each part can greatly aid in observing any conflicts. BIM applications 

also allow automatic conflict detection by centralizing access to any information 

contained in the documents. The computer actually reports when it detects any 

conflicting information, including the specific location of the conflict. Such a rapid and 

automated feedback on conflicting parts helps to produce improved information and 

hence improved architect-client communication by allowing the architect to focus on 

analyzing the sources for conflict so as to make appropriate design changes, rather than 

wasting too much time on searching conflicts.  
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Customization  

Customization of site plan and site components during the schematic design phase 

brings advantages of flexibility and alternative design solutions in regards to client’s 

choice and interest. Early provision and evaluation of design alternatives increase the 

overall quality of building design. Building design approaches allowing customization 

enable architect and client to generate and compare more design options early in the 

project when decisions have the most impact on the project. Customizability highly 

relays up on the availability of variety of readymade information in templates of design 

applications and collection of standards in their object libraries. 

CM: - There is a certain capability of customization with the limited availability 

of readymade customizable information in the templates of design tools and collection of 

standards in their object libraries. Alternative site plans could be produced but it takes 

extended time and much effort. In order to be able to customize and get alternative site 

design options, the architect will have to re-create and produce a full set of drawings and 

documents. This means, a new version of documents has to be made again in order to 

modify any information in the documents. Figure 17a shows a line representing a parking 

lot is selected for customization but no information associated with a real world’s parking 

lot is provided. It is just recognizes as a line. With the template linked to the line selected, 

only the physical properties of the line such as its color, type, weight, and length could be 

customized. Line properties have no association with the nature of the actual object being 

represented. 

 
Figure 17a: CAD template provides properties of a line which represents a parking lot  

(Image courtesy of HKS Inc)  
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BIM: - BIM tools have much readymade customizable information in their 

templates and collection of standards in their object libraries. With lots of information 

already immediately available, an architect can easily start, develop and modify a project. 

With this, it is possible to generate customizable drawings so as to get variety of options 

on a theme that can then be evaluated by comparison, and thus result in a decision for the 

better alternative that addresses client’s need. Figure 17b shows that, using the 

customizing templates, the spacing and distribution of parking lots could be easily 

changed for additional set of alternative parking spaces. The template has capabilities of 

automatically varying the parameters of the parking. Is also has an object library where a 

new typology of parking lot could be picked. The BIM tool is capable of recognizing the 

parking lots as a real world parking. Apart from the package of information already 

included in the object library, BIM applications are linked to online libraries for further 

customization. With such automated capability, site information develops effectively and 

architect-client communication gets improved. 

 
Figure 17b: BIM template provides object properties representing parking lots  

(Image courtesy of HKS Inc) 
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Modification 

With building design information, it is critical that all users be able to discern 

whether they are accessing the latest versions of the site plan. Ease of effectively 

modifying site components improves building design information, facilitates their 

delivery and reduces errors and wastage in the project. 

CM: - Components are manually modified independently (this is a huge challenge 

in the Conventional Method because when a change is made to any of the components, 

creating inconsistencies in the documents). Figure 18a shows there is no option to change 

the elevation (height) of the landscape in the site plan view. In order to do this, the 

architect needs to draw (create) an elevation view of the site. In addition, when a change 

is made to any of the site components, there needs a manual updating of every other 

component affected by the changes. A routine task is required to update the site design so 

as to consistently match the changes. While trying to update the site, overlooking any 

information may results in irreversible errors which could only be detected during 

construction. Modifications made during construction are time consuming and expensive. 

 
Figure 18a: CAD template provides properties of a line which represents a landscape  

(Image courtesy of HKS Inc) 

BIM: - Ease of modifying all documents in the same as well as different views by 

just modifying a single site component/document in any one of the views is possible. Any 

information associated with the one being modified automatically responds to the 
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changes being made. Figure 18b (left) shows an update to the landscape could be made in 

the site plan view. Both horizontal as well as vertical (height) changes of dimension are 

addressed in the site plan view and the changes automatically propagate to the remaining 

drawings (views). All the other views respond to the changes because they are different 

views of the same project database. Modification will thus need to be addressed to 

anyone of the views resulting in updating the remaining views. In addition, multiple 

objects could be selected and modified in a single operation. In figure 8b (right) all 

parking stripes are selected at once by type for modification. The above capabilities are 

because BIM's parametric building modeler coordinates all changes to the model. Also, 

there is available readymade and customizable information in templates and object 

libraries. In addition, BIM applications allows for concentration of information and 

attempt to minimize duplication of information so as to make modifying much more 

efficient and consistent. With such a capability, site information can develop 

instantaneously to improve architect-client communication. 

 
Figure 18b: Editing height in site plan view (left). - Multiple objects selection by type (right) 

(Image by investigator) 

Relationship 

As formerly noted, a link in a building design is the interconnection and 

relationship of different sources of building design information. Linked information 

could be direct (visible) part of the site plan or a linked document in separate formats 

such as schedules or other drawings. A good link among a site plan with design templates 
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and supporting documents facilitates development and delivery of schematic design 

documents by facilitating collaboration among parts of the site plan. A design approach 

capable of providing links and relationships among site components as well as supporting 

documents helps retrieval complete information in less effort and within short period of 

time. It is of course critical that all the sources of information that create building design 

documents be interlinked and interrelated. 

CM: - With the help of design templates, the CM gives a certain level of link to 

additional information so as to reinforce building design information contained in a site 

plan. It provides extra information to the line from which the site components (objects) 

are made. The problem with this is the information contained in the templates does not 

refer to the objects being represented. Rather it enriches the properties of the line which 

represents building site components. With such kind of link the architect could enhance 

the line properties such as its color, weight, and type (figure 19-left). Another possible 

link is a link provided with an X-ref file. An X-ref file linked and attached to a site plan 

drawing provides additional information to the drawing but as far as the nature of the 

linked file is very similar to the hosting file, no much pronounced information could be 

added. In some cases the X-ref file in itself could be just a drawing or text which has no 

relationship to a site component. A typical example is a title block attached to a site plan 

drawing.  

BIM: - BIM applications provide links to supportive documents in the same as 

well as separate application. A link could be provided to the parametric properties of 

building design components through intelligent templates. In figure 19 (right), the tree is 

linked to its parametric properties through which it can be modified. A link could also be 

provided through a template which holds a collection of standards in its object library. 

Such kind of link provides an access to alternative object packages within the application. 

Apart from this, BIM applications are linked to external online libraries for further 

customization. Links most often give an access to work with further information. Links 

provided in BIM applications simplify accessing particular information from a document 

with which it has an association. With the help of links, design tasks could be addressed 
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in anyone of site components and automatically propagated to associated components in 

the same as well as separate views. With such an automated link, the site plan could be 

enriched with much information and having a site plan rich of information results in 

improved architect-client relationship. 

 
Figure 19: A line (representing a tree) linked to a template that holds information about it (left). A tree 

linked to an intelligent template holding any customizable information about the tree (right)  
(Image by investigator) 

Collaboration 

In a building design, collaboration is the act of working together with one or more 

people in order to achieve coordinated building design information. It also is the 

association of various building design documents to produce organized building design 

information. The degree to which an approach/application allows for collaboration 

among stakeholders and documents affects the quality of building design information. 

Well coordinated and organized information improves architect-client communication. 

Collaboration saves errors and wastage of building design information when performed 

efficiently. Collaboration could be done either within the same or separate applications. 

For example, in designing a site plan, one could work with the main building while the 

others with parking lots, play grounds, driveways and walkways, etc. Building design 

approach which allows for collaboration reduces project duration, and increases 

productivity by minimizing loss and wastage of information. 
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CM: - Having information spread over various locations has made collaboration 

very difficult. During a team work, errors and conflicts frequently develope and 

information is most often lost in the exchange of files. In addition, as far as site 

components which represent building objects lack the intelligence of knowing what real 

world object is being represented and cannot recognize a component located closer, the 

resulting collaboration is much limited. The same is true in regards to the collabration of 

site plan with other documents. Site plan drawings are done separatelly and documents 

which support the site plan are also done independently, often requiring duplicate, 

tedious, and error-prone data entry. The result is increased effort and time of production 

with increased wastage and loss of information. The workflows are generally unsuitable 

for collaborative design processes. Figure 20a shows a site plan drawing and its 

independently produced quantity take off. Much effort and time could have been saved if 

both were done concurrently (if areas and costs were automaically calculated while 

working with the site plan drawing) or if there was a possibility of re-using the 

information alreasdy entered while working with the site component. 

Figure 20a: Independently created site plan and its quantity take off  
(Image courtesy of HKS Inc) 

BIM: - While working with site plan, infromation flows from team to team and 

from component to component instantly. With this, efficient exchange of building 

information and hence collaboration becomes posible. Site plan development is 
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collaborativelly done by the team with its connected components coordinating to one 

another. Every site component is interlinked and coordinated and knows what real world 

material is being represented. Such a capability enables any possible relationship 

developed in to another level of information which supports provides additional 

information to the overall site plan. In addition, development of the site by the 

collaboration of team members increases the scope, depth, and relatedness of the 

available information. With such an information rich site plan architect-client 

communication could be improved instantaneously. In figure 20b below, quantity take off 

is concurrently and automatically generated while working with the site design. 

 
Figure 20b: Concurrently produced site plan and its quantity takeoff  

(Image by investigator) 

Summary for Site Plan 

Table 6 sums up the capabilities of CM and BIM floor plans in providing 

improved information so as to improve architect-client communication. The qualitative 

attributes used to compare the CM and BIM schematic site plans which hold design 

information regarding Function are summarized based on the points discussed in their 

respective analyses. 

 

 



Texas Tech University, Yohannes A Tessema, December 2008 

74 
 

Table 6: Summary for Site Plan 
Site Plan 

Attributes CM BIM 
Responsiveness Minimally capable Completely capable 
Clash detection Minimally capable Partially capable 
Customizability Partially capable Completely capable 
Modifying Partially capable Completely capable 
Link Partially capable Completely capable 
Coordination Minimally capable Partially capable 

Floor Plan 

Floor plan is the most important part of schematic design documents in that it 

holds much building design information regarding the function of a building. It typically 

holds information including the layout and arrangement of rooms and the circulation 

spaces among them. Openings (doors, windows, etc), furniture, floor finishes, wall 

materials, floor levels, etc are included in a floor plan as well. As most design decisions 

regarding function of a building are made in the floor plan, most attributes of building 

design information can affect development of a floor plan. In the paragraphs below, 

attributes of building design information contained in a schematic floor plan are 

discussed briefly. The discussion compares BIM with the Conventional Method and is 

supported with illustrative figures. Improvement of such attribute in a floor plan highly 

affects architect-client communication during schematic design phase.  

Responsiveness  

Requirements keep track of criteria about the function of a building and can be 

associated with floor plan. Schematic floor plan requirements often center on a set of 

spatial needs defined by the program to describe the number and types of spaces, their 

respective square footage, their relationship, and much more. Requirements are important 

aspects of the floor plan because by defining the constraints and criteria, whether the 

design complies with requirements and when it does not can be tracked. 

CM: - Floor plan requirements are set by manually writing on a sheet of paper or 

word processing computer application. As they are completely in a separate format from 
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the drawings and documents, they are compared against the floor plan drawings by cross 

checking the requirements with the drawings manually. Comparisons are most often 

made using drawing measurements and area calculations. It could also be made by 

walking through the project with the help of drawings, images, and computer simulation 

whenever provided. Such approaches take much effort and time and are less effective to 

communicate the design intent to the client. It takes an extended time to calculate area 

and make a comparision. In addition, overseeing floor plan components may result in 

provision of inconsist information to the client. With such drawbacks, it could seen that a 

conventional floor plan has a certain (minimal) capability of responding to requirements. 

BIM: - BIM tools for schematic design phase provide the capacity for easily 

capturing floor plan requirements. Design development in floor plan could be 

automatically tracked against requirements captured prior to design commencement from 

the client. The BIM parametric building modeler coordinates this information across the 

floor plan-providing architects and clients accurate and reliable building design 

information. Highlight is automatically given to floor plan requirements not being met or 

correctly defined and explanation is provided to alert the architect and help him make the 

necessary adjustments. Figure 21 shows that the actual (designed) areas of the storage 

room, conference, and food storage is different from the required areas. As a result, the 

designed area is automatically highlighted by a red color to report the incompliance with 

area requirements. Here it can be noted that there is a complete capability of 

responsiveness. 
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Figure 21: Affinity’s requirement detection and reporting.  

(Image by investigator) 

Conflict Detection 

A conflict is caused among building design information in a floor plan whenever 

there is overlapping information or when there is non-associated information among 

components of the floor plan. If an immediate feedback could be given to conflicts the 

architect will be able to take appropriate action on time so as to arrange and coordinate 

floor plan components. 

CM: - There is a capability of detecting conflicts manually by overlying 

individual floor plan drawing papers (most often a translucent tracing papers) on a light 

table or by overlaying CAD layers to visually identify potential conflicts. Such 

approaches strictly require working with the last update drawings and are slow, costly, 

and prone to errors. When the conflict is detected later after the design is progressed to 

the next phase, the fix may require reworking the entire schematic design documents 

again. The resulting loss and wastage is a challenge to architect-client communication. 

The repetitive nature of information in a conventional drawing set is another cause of 

conflicts, especially in larger and more complicated projects. As a project develops and 

becomes more complicated, it is likely that some of the changes are not “picked up” in all 

places affected in the documents. 
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BIM: - In BIM, the viewing of the spaces and other components represented in 

the floor plan through the 3D scenes of the model with the help of detailed computer 

visualization of each part of the floor plan can greatly aid in observing conflicts. BIM 

tools allow the use of conflict detection by centralizing access to any information 

contained in the floor plan. The computer actually informs the specific location and 

source of conflicts whenever it detects any conflicting information. An automatic clash 

report helps the architect provide appropriate feedback on time by letting him to focus on 

analyzing the sources for the conflict, rather than wasting too much time on searching 

conflicts or compromising the defects. One drawback is that not all BIM tools are 

developed to automatically detect and report conflicts. The architect most often needs to 

find overlaps and other conflicts with the help of the 3D model which is automatically 

generated while working with a floor plan. Because of the reason above, it can be said 

that there is a partial capability of clash detection wit BIM. 

Customization 

Customization during the schematic design phase brings advantages of flexibility 

and hence alternative floor plans in response to client’s choice and interest. Early 

provision and evaluation of design alternatives increases the overall quality of building 

design information and improves architect-client communication because capabilities to 

customize a floor plan enables an architect and a client generate and compare more 

design options early in the project, when decisions have the most impact. 

CM: - There is a certain capability of customization with limited readymade 

customizable information in the templates of design tools and collection of standards in 

their object libraries. With this, alternative floor plans could be produced by re-creating 

and producing a full set of drawings and documents. This means, a new version of 

documents has to be made again in order to provide alternative information. The main 

reason for this is drawings are represented by lines which hold much limited information 

about the actual objects being represented. Customizing the properties of a line just 

changes its physical properties such as its color or weight and does not provide 
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alternative object parameters. The architect is required to produce a full set of new floor 

plan options so as to provide alternative design solutions. Figure 22a shows settings of a 

wall in the “infant classroom” of the Eastfield College. The properties dialogue is not 

specific to the wall but to the line from which the wall is made. As a result, only the 

weight, type, and color of the lines that represents the wall could be customized through 

the template.  

 
Figure 22a: A template holding properties of the line which represents a wall.  

(Image courtesy of HKS Inc) 

BIM: - BIM applications have readymade customizable information in their 

templates and collection of standards in their object libraries. Information in a template 

can be used to customize a floor plan with lots of information already immediately 

available. With this, the architect can easily generate alternative floor plans on a theme 

that can then be evaluated by comparison, and thus result in a decision for the better 

alternative which meets client’s need. Figure 22b (left) shows settings for various 

components of a wall in a template. Each of the sections in the template shows some of 

the pull-down tabs where the parametric information can be customized; on the left the 

“floor plan and section” menu indicates the graphic characteristics of the plan and the 
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sections views of the wall in those views. Figure 22b (right) shows that the wall type 

could be customized from a list of parametric wall types in the template. In addition to 

customizing the material (from which the wall is made), its thickness could also be 

customized using the same template. Apart from the package of information already 

included in the object library, BIM tools are linked to online libraries for further 

customization. Such an automated capability facilitates schematic floor plan production 

and enriches it with alternative options of information, resulting in improved architect-

client communication.  

Figure 22b: A BIM template holding variety of customizable wall properties  
(Image by investigator)  
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Modification 

With building design information, it is critical that all users be able to discern 

whether they are accessing the latest (and only) versions of floor plan. Ease of 

automatically modifying all documents in the same as well as different views by just 

modifying a the floor plan helps to produce improved design information by facilitating 

building design delivery while reducing errors and wastage, which results in improved 

architect-client communication. 

CM: - This is a huge challenge in the Conventional Method where many 

individuals will generally be updating the floor plan independently and concurrently. In 

order to update a floor plan, the architect depends on manually manipulating by the use of 

eraser or using CAD modifying tools such as moving, copying, cutting, erasing tools. 

Such an approach most often creates inconsistencies in the documents. Figure 23b shows 

that removing doors from the hosting wall leaves a gap on the wall. Nothing accompanies 

to the changes made on the doors. A routine task and effort is required to update the floor 

plan per the changes made. While trying to update the floor plan, overlooking any 

information may result in irreversible errors which could only be detected while 

construction is in progress. Modifications made during construction are usually time 

consuming and expensive. With such limitations, it is obvious that there is still a partial 

capability of modifying a floor plan with this approach. 

Figure 23a: Removing doors leaves openings on the wall  
(Image courtesy of HKS Inc) 

BIM: - Ease of automatically modifying all documents in the same as well as 

different views by just modifying a floor plan is possible. Any other information 
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associated with the floor plan automatically responds to the changes made. Figure 23b-i 

shows that the walls automatically adjust (join) when doors are removed from them. All 

the remaining views automatically respond to the changes made because they are just 

different views of the same project. Modification only needs to be addressed in anyone of 

the views resulting in an update to the remaining views. Another capability is that all 

components of a document are organized so that multiple objects could be selected 

automatically (by type, etc) and modified in a single operation (figure 23b-ii). Such 

complete capabilities are because BIM's parametric building modeler coordinates all 

changes to the model. The availability of readymade and customizable information within 

their templates is another reason. In addition, BIM applications allow concentration of 

information and attempt to minimize duplication of information so as to make modifying 

much more efficient and consistent. 

 
Figure 23b-i: Walls automatically react (join) when doors are removed.  

(Image by investigator) 

 

Figure 23b-ii: Chain of walls automatically selected in a single operation  
(Image by investigator) 
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Relationship 

A good link among documents allows for a strong relationship and coordination 

of building design information, one part supporting (reinforcing) the other. Capability of 

providing good links and relationships among floor plans and their components helps to 

retrieve a complete set of reliable information within a short period of time. This is 

critical for improved architect-client communications. 

CM: - A “link” could be established between a host file and a template that holds 

object properties or with an X-ref drawing such as a title block. Such kinds of links 

provide some additional (though less associated) information so as to enrich building 

design information in the object to which they are linked. A link provided in this manner 

(where representation of building components is based on a line which can hardly 

represent the actual properties of floor plan components) provides a capability to work 

with and alter properties of the line such as its color, type, weight, and length (figure 

24a). Though, a link based on such properties of a line could only slightly support and 

reinforce objects (floor plan elements) to which a link is created. In addition, when an X-

ref drawing is linked and attached to a floor plan, it does not reinforce the information 

(function) contained in the floor plan because the X-ref file just holds line properties like 

the host drawing and only limited object property could be held in it. It simply holds 

information regarding the project title, client’s name, consultant’s name, project number, 

paper number, etc where as the floor plan holds information regarding function of the 

project such as layout and area of spaces, circulation, access, furniture arrangements, wall 

types, etc. Such a capability could be considered minimum because the nature of the link 

has a little connection with the functional purpose of a floor plan. 
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Figure 24a: A table linked to a template which has limited or no information (CM).  
(Image courtesy of HKS Inc) 

BIM: - BIM tools provide links to supportive documents in the same as well as 

separate application to the floor plan. Fixtures and other floor plan components are linked 

to their parametric properties as well as to material libraries for further customization 

(and more design options). In figure 24b-i the table (c) is linked to its parametric 

properties through which it can be modified (a). At the same time, a material library is 

linked to the template (b). Apart from this, BIM applications are linked to online libraries 

for further customization from external information. With such kind of links, the architect 

can easily get an access to view and work with further information attached to drawings 

and other documents. In addition, with the help of links, different views of the same 

project could be accessed through the floor plan. Figure 24b-ii shows that a section could 

be accessed by opening it with the help of the section cut lines on the floor plan. Design 

tasks could thus be addressed in the floor plan and take effect in all the remaining views. 

Such kind of links which have a complete capability of reinforcing building design 

information in a floor plan improves architect-client communication easily. 
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Figure 24b-i: A table linked to a template giving access to parametric properties & object libraries (BIM)  

(Image by investigator) 
 

Figure 24b-ii: A section cut line placed on the floor plan links to the section view  
(Image by investigator) 
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Collaboration 

While working with floor plan, collaboration is the act of design stakeholders working 

together to facilitated production of a floor plan with well coordinated building design 

information among its components. It also is the association of components to produce 

organized building design information in the floor plan. In floor plan production, 

different architects could work with different building components such as walls, 

fixtures, floor finishes, labeling, dimension, etc. Capability of simultaneously doing such 

tasks helps to facilitate building design delivery. In addition, it enhances building design 

information by letting each stake holder concentrate on a specific task, reducing wastage 

of information (due to less extended time), and increasing productivity.  Well coordinated 

and organized information is critical to improve architect-client communication. 

CM: - Architects could collaboratively work to produce a floor plan though due to 

the lack of a good link among documents, having information spread over various 

locations and formats has made collaboration very difficult. Walls of rooms have no 

association with other components of the floor plan such as doors and windows, often 

requiring duplicate, tedious, and error-prone approach. In addition, elevations, sections, 

and other drawings and documents which are supplementary to the floor plan drawings 

are created independently. The result is increased effort and time of production which is 

most often accompanied with increased wastage and loss of information. During a team 

work, errors and conflicts frequently develope and information is most often lost in the 

exchange of files. In addition, the generation, submittal and reviews of drawings is very 

sequential so that it could be iterative and wasteful due to the need of re-working.86 This 

hinders effective coordination among architects who colaborativelly produce the floor 

plan. In figure 23a, because the walls are not associated with the doors, they respond to 

modifications independently and separately. Due to the lack of collaboration, changes 

made to the doors do not affect the walls. 

                                                 
86  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008). 
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BIM: - With BIM, infromation flows instantaneously and collaboration is easy. 

Floor plan development is done with every component connected and coordinated to each 

other so that workflows are suitable for collaborative design processes. Such coordination 

results in a more efficient use of time and materials in the project and improves 

productivity. With coordinative collaboration, BIM processes reduce efforts (become less 

laborious) shifting the effort to problem solving rather than wasting time in real-time 

drafting of floor plans and routine documents preparation tasks. In figure 23b-i, walls and 

doors are associated so that a change made to the doors propagates to the walls. By 

allowing for collaboration among team members, BIM tools could develop the floor plan 

through a cyclical (iterative) evolution of relevant project information. While the design 

develops by the collaboration of team members, the available information gradually 

increases in scope, depth, and relatedness. Although the capabilities discussed above are 

helpful for collaborative design, building components should be collected and organized 

manually to form a complete schematic floor plan. It needs a manual intervention to 

collect the floor plan components simultaneously performed. 

Summary for Floor Plan 

Table 7 sums up the capabilities of CM and BIM floor plans in providing 

improved building design information so as to improve architect-client communication. 

The qualitative attributes used to compare the CM and BIM schematic floor plans (which 

hold design information regarding Function) are summarized based on the points 

discussed in their respective analyses. 

Table 7: Summary for Floor Plan 
Floor Plan 

Attributes CM BIM 
Responsiveness Minimally capable Completely capable 
Clash detection Minimally capable Partially capable 
Customizability Partially capable Completely capable 
Modifying Partially capable Completely capable 
Link Partially capable Completely capable 
Coordination Minimally capable Partially capable 
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Section 

A section in a building design is a drawing showing a view or representation of 

the building cut to show its internal spaces, the wall structure, and its vertical 

composition. A schematic section is an important document of the schematic design 

phase in that it provides building design information that reinforces architect-client 

communication during the schematic design phase. In BIM, the architect does not need to 

draw a section view because it is automatically generated when the floor plan or 3D 

Model is created. The section view has all the capabilities discussed in the floor plan 

view but as long as it is an automatically generated view, the architect does not need to 

waste much effort and time working with the section view. For this reason, most 

attributes of building design information have less impact on the development of the 

building’s section at schematic design level and so it won’t be much important discussing 

most of the qualitative and quantitative attributes of building design information at this 

stage except customization and updating. Customization and updating are so important 

attributes in the section view in that they help for further development of the section after 

being generated automatically. 

Customization 

Customizing a section is not as complicated as customizing other views of the 

building design because the amount of information displayed in a section view is limited 

to the particular part of the building being cut. Walls, openings, floor slabs, roofing, and 

staircases are parts of a building which are most often intersected by section’s cutting 

plane and hence most often displayed in the section view. Customizing a section during 

the schematic design phase brings advantages of flexibility and alternative design 

solutions in response to client’s choice and interest. Customization enables the architect 

to generate multiple design options early in the project and provide improved information 

to the client so as to improve design communication between them. 

CM: - With the help of design templates and collection of objects in their 

libraries, components of a section and different views of a building design could be 
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customized. In order to customize and get alternative components, the architect will have 

to re-create a new component again in the same procedure as the component created first. 

Figure 25a shows a section view of cantilevered roof shade of the parent drop off area of 

the Parent Child Study Center. Customizing template is associated to the lines from 

which the roof is created. The template helps to customize properties of the lines; line 

color, line weight and length, and line type after the new component is created. Line 

properties have no direct association with the nature of the actual object/component being 

represented. 

 
Figure 25a: Section view of parents drop off area (CM)  

(Image courtesy of HKS Inc) 

BIM: - readily available building components and their parameters in design 

templates and object libraries help to customize components of a section. The “floor plan 

and section” menu on figure 25b indicates the graphic characteristics of the plan and the 

sections views of a roof. Properties of the roof in the section view could be customized 

from the template which holds detailed properties of the roof. 
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. 
Figure 25b: Section view of parents drop off area (BIM)  

(Image by investigator) 

Modification 

Modifying a section is not as complicated as modifying other views because there 

is a limited amount of information displayed depending on where the section’s cutting 

plane intersect the building. Ease of modifying all documents in the same as well as in 

different views by just modifying part of a section view facilitates retrieval of building 

design information with much reduced errors and less wastage of information. 

CM: - A section could be modified through the lines or other graphics 

representing building components in it. This is made using the modifying menu provided 

with CAD applications (figure 26a-left). A routine task and much effort are required to 

do multiple modifications. Each and every part of the section will have to be modified 

separately so as to make the changes consistent throughout the entire section as well as 

throughout the documents in the same and different views. As shown in figure 26a, 

modifying a wall section requires working with each line that creates the wall section. 

Increasing the height of the window in the figure below requires moving the line 1 up, 
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extending lines 2, 3, 4, and 5 to meet line 1, and finally trimming lines 6 and 7. All 7 

lines have no association at all and the architect needs to treat all the lines separately. 

This change is not propagated to the same windows in the same section view as well as to 

the same window in other views. Though the process is lengthy and time consuming the 

modification capability is very easy and helps the architect to make any modifications so 

as to address client needs and improve building design communication. 

Figure 26a: CAD modifying tools and procedures to increase window height  
(Image courtesy of HKS Inc) 

BIM: - Modification is easily and effectively made to a section and its 

components by using the modifying tools and/or by accessing parametric properties of 

objects in the templates linked to building components. The components could also be 

replaced with alternate components in the object libraries of BIM tools. When a change is 

made to any component in a section, all the remaining components automatically adjust 

to accompany the changes. In addition, all the remaining views are updated accordingly. 

Figure 26b shows that increasing the height of the window is made by dragging the wall 

using the intelligent onscreen modifying tools which pops up when selecting the door. In 

addition, this modification could be made using the “Window Selection Settings” 

dialogue that displays the parametric properties of the selected window (figure 26b-

parameters). There is also a possibility of replacing with a new window of desired height 

from the library (figure 26b-libraries). Any part of the section being affected by the 

change adjusts itself automatically. In addition, the changes being made to the window 

automatically propagate to every instance of the window on the same as well as separate 
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views. With such a complete capability, building design information could be readily 

developed and architect-client communication gets improved. 

 
Figure 26b: Modifying a window section  

(Image by investigator) 

Summary for Section 

Table 8 sums up the capabilities of CM and BIM sections in providing improved 

building design information so as to improve architect-client communication. The 

qualitative attributes used to compare the CM and BIM schematic sections (which hold 

design information regarding function) are summarized based on the points discussed in 

their respective analyses.  

Table 8: Summary for Section 
Section 

Attributes CM BIM 
Customizability Minimally capable Completely capable 
Modification Partially capable Completely capable 

Statistical Summary of Design Area 

 A building’s function often center on a set of spatial needs defined by the 

program, describing the number and types of spaces that the client expects, and their 
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respective square footages.87 Statistical summary of design area describes a set of spaces 

defined by the program by displaying the number and types of spaces as well as their 

respective areas. It also reports status of space requirements (that has been met or not) by 

displaying the required areas and designed areas concurrently. Although all the 

qualitative attributes of building design information discussed early have varying degrees 

of importance to the statistical summary of designed area, “response to requirements” is 

the most important attribute in this document because it clearly displays the status of 

space requirements (met or unmet) to the client. Some other attributes such as 

customization and updating of design areas could have been discussed at this level 

though both attributes are most often carried out earlier while working with the site plan, 

floor plan, section, and 3D model before creating/generating the statistical summary of 

design area. 

 Responsiveness 

Requirements are important aspects of the statistical summary of designed area 

because by defining area requirements for the building project whether the design 

complies with the planned area and when it does not can be tracked. Area requirement of 

a building and the spaces in it most often center on the specific function the area provides 

to the client. Statistical summary of design area reports whether an area requirement has 

been met or not by displaying the required areas and designed areas concurrently. 

CM: - with the help of a site plan and floor plan drawings and calculating tools, 

an architect can easily check status of project requirements. Area requirements are 

manually entered/documented using paper written formats which are not digitally 

associated and incorporated to the drawings. Because of this, the architect needs to 

manually measure each room from the floor plan (using CAD measuring tools or 3-side 

scale) and calculate designed area so as to compare required and designed areas. He also 

needs to manually write or use a spreadsheet to prepare a report telling whether 

requirements are being met or not (figure 27a). As long as the requirements are 
                                                 
87  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p160. 
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completely in a separate format with the drawings and documents, requirements that 

haven’t been met could not be digitally tracked and automatically detected. 

 
Figure 27a: Statistical summary of design area (CM)  

(Image courtesy of HKS Inc) 

BIM: - BIM tools provide the capability of capturing area requirements of a 

project. Area requirements are digitally entered and connected to the design so as to be 

tracked while the design is in progress as a result of which automatic response is given to 

project requirements. The BIM parametric building modeler coordinates area information 

across all representations of the project to compare required vs. designed areas so as to 

detect and report area requirements that haven’t been met. Highlight is given to area 

requirements not being met to alert the architect and help him make important decisions 

about the design area. Figure 27b shows that area of the conference hall was required to 

be 240 sq ft. The designed area is 239 sq ft (requirement hasn’t been met) so the area 

requirement for the conference hall has been highlighted by red indicating that the 

requirement hasn’t been met. From this the architect may make any adjustments based on 

the area deviation from the requirement. When an alternative set of design area is needed, 

modification is done back in the drawings so as to automatically generate a new statistical 

summary of design area. With such a complete capability, the architect and the client can 

make accurate decisions with building’s area/space requirements on time. 
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Figure 27b: Statistical summary of design area (BIM)  

(Image by investigator) 

Summary for Statistical Summary of Design Area  

Table 9 sums up the capabilities of CM and BIM statistical summary of design 

areas in providing improved building information which improves architect-client 

communication. The qualitative attributes used to compare the CM and BIM schematic 

statistical summary of design area (which hold design information regarding function) are 

summarized based on the points discussed in their respective analyses.  

Table 9: Summary for Statistical Summary of Designed Area 
Statistical Summary of Designed Area 

Attributes CM BIM 
Response to 
requirements 

Partially capable Completely capable 

Outline Specifications 

 According to the Architect’s Handbook of Professional Practice, “Outline 

specification is a general description of the work that indicates the major system and 

material choices for the project and provides building design information which is 

necessary to handle issues that arise while the design is in progress.”88 It is a text based 

                                                 
88  AIA, The Architect’s Handbook of Professional Practice (New Jersey: John Wiley & Sons, Inc.; 
14th Edition, March 24, 2008), p525 
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(non graphic) document that gives a guideline about the type and application of building 

materials to be used. As a project description and guideline, this documentation is most 

often prepared prior to starting design. It could be included in the BIM database in the 

same or slightly different way and format as it happens in the Conventional Method. 

Though, as far as the specification is a text based and professional expression and 

description of building materials and ways of putting them together, it doesn’t help the 

client to understand design intent and is not critical for improved architect-client building 

design communication during the schematic design phase. 

 
Figure 28: Outline Specifications  

(Image courtesy of HKS Inc) 

Cost 

Preliminary Construction Cost Estimation 

In building design, cost estimation refers to the act of predicting the total costs of 

labor, materials, capital, and professional fees required to construct a proposed project. 

Construction cost is an approximation of the probable total cost of a product, program, or 

project, computed on the basis of available information. As formerly noted, this study 

focuses on the planning estimate where rough approximation of cost within a reasonable 

range of values is provided and budget estimate (approximate cost estimation) is given 

based on well defined preliminary design. Such estimates are made during the early 
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stages of a design process where basic decisions are made to support the remaining 

phases. As the design progresses, interim estimates help to identify problems early so that 

alternative design options and hence alternative cost estimates can be considered. 

Provision of alternative options allows the architect and client to make more informed 

decisions, resulting in higher quality design that meets cost constraints. Since most 

projects have limited budgets, cost considerations significantly influence almost all issues 

from building size and configuration to material selection and detailing. Often a 

construction budget emerges from an analysis involving the architect and once the cost is 

defined in the early stages of a design process, it has a major influence on subsequent 

design decisions. Cost has direct implications on the decisions throughout the building 

design process. The architect must make careful use of funds from the client, directing 

them to those decisions that appear to be most important to project success and client 

satisfaction.  

The schematic design estimate usually includes a preliminary area analysis and 

approximate price of building components (fixtures, etc) for preliminary construction 

cost estimate. In the early stages of the schematic design phase it is helpful to establish 

budget areas as square footage costs in an extremely simple model. When the schematic 

design is fully developed, price of components could be included to reinforce the 

estimation and make it much closer to the actual cost. 

Out of all the qualitative and quantitative attributes of building design 

information, tracking and reporting preliminary cost requirements, updating preliminary 

cost estimate, accuracy and reliability of preliminary cost estimates, and link with 

supporting cost information highly affect cost information during the schematic design 

phase. Although the remaining attributes of information have certain effects on the 

preliminary cost estimation, their contribution to improve architect-client design 

communication during the schematic design phase is much limited. 



Texas Tech University, Yohannes A Tessema, December 2008 

97 
 

Responsiveness 

Building design cost requirements keep track of cost information and can be 

associated with any item in the project. Cost requirements often center on available 

budgets defined by the program to describe the amount a certain client is willing to 

allocate for a project. The amount of budget largely depends on the respective square 

footage of a building, the quality of building materials utilized, the construction method, 

and much more. Cost requirements are important aspects of a building design because by 

defining the constraints and criteria of a building’s budget, whether the designed cost of 

the building complies with the budget and when it does not can be tracked. 

CM: - Cost requirement (budget) is set using paper based formats (manual or 

using Microsoft Excel) and then visually compared with the designed schematic cost 

estimate. If the designed cost exceeds the budget there are two alternative options: 

canceling the project or apply value engineering to cut costs and possibly reduce the 

quality of the building. In order to do value engineering, reworking and modifying 

drawings and documents is required. Depending on client’s preference, the modification 

could partially or completely affect the drawings. Though, modification cannot be done 

easily and quickly due to the fact that drawings and other documents are not digitally 

associated and tied with the cost estimation. Budget cannot be tracked against cost 

estimate while the design is in progress and no response is given for cost inconsistencies. 

BIM: - BIM tools for schematic design phase provide the capacity for capturing 

project cost requirements by associating cost with each and every item in the project. The 

BIM parametric building modeler coordinates cost information across all representations 

of the project giving an automatic feedback of whether the cost is within the budget or 

not. Designed area as well as cost variance are calculated and displayed in the cost report. 

Figure 29 shows that the budget of the building was required to be $5,041,790.00. After 

the schematic design is complete the designed area and cost variance are displayed as 

$5,321,939.75 and $280,149.75 respectively. With such a capability of automatic 

detection and reporting, the architect could easily make any appropriate modifications or 

justifications so as to address client’s requirement and improve their communication. 
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Figure 29: BIM cost requirement  

(Image by investigator) 

Modification 

With building design information, it is important that all users are accessing the 

latest versions of cost information. Ease of modifying cost estimate to address client’s 

requirement is paramount for improved information and architect-client communication. 

CM: - Modification is generally made to every document independently. In order 

to synchronize the modification consistently throughout the documents, a cost change 

made to any component should be manually repeated to all related documents. Removing 

(or changing the cost of) any room or furniture from a building does not affect the total 

cost of the project, resulting in inconsistencies. While modifying building design 

documents, overlooking any cost information could also create irreversible errors; 

reducing project value or incurring additional costs to the client. An exception is when 

the cost calculation is made using applications which have arithmetic calculation 

capabilities such as Microsoft Excel (see figure 30a). Though, such applications have 

completely separate format with the drawings and have no association at all.  In addition, 

because preliminary cost estimation is most often prepared after the schematic design 

drawings are complete, a lot of work goes on between the time of design decision and the 

time its cost implications are known. This creates a flaw in the preliminary cost 

estimation.  
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Figure 30a: Preliminary cost estimation  

(Image courtesy of HKS Inc) 

BIM: - With BIM tools, updating can be easily and consistently made to the 

preliminary construction cost estimates because they have built-in cost estimating 

features. Their feature produces cost estimation as an automatic generation of their 

database system and any changes made to a document is coordinated throughout the 

remaining documents. Figure 30b-ii left shows that removing the “smart classroom” from 

the floor plan directly and immediately affects the project cost, adjusting it from 

$5,321,939.75 to $5,131,927.41. Figure 30b-iii shows that adding a conference table to 

the floor plan changes the total preliminary cost of the project from $5,321,939.51 to 

$5,322,339.75. Material quantities are automatically developed to consistently adjust 

changes made to the components. Such capabilities are because of BIM's parametric 

building modeler coordinating all the changes made to the model. Not a single change 

made to any component of the building design is overlooked because the cost database is 

capable of detecting any change made to the documents and updating the preliminary 

cost estimation accordingly. In order to update building material costs which are 

constantly changing with time, BIM estimation tools have embedded cost applications 

that truck current costs of building materials. One example is DProfiler, a preliminary 

construction cost estimating application linked with RSMeans. RSMeans has an external 

cost database that provides the latest cost information of construction materials. With the 

capabilities discussed above, BIM preliminary cost estimation tools can provide readily 
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modifiable cost information which could be adjusted based on available budget from the 

client. 

 
Figure 30b-i. Cost of “Smart Classroom” (left). Price of a “conference table” (right) 

(Images by investigator) 

 
Figure 30b-ii. Project cost (left). Project cost after “Smart Classroom” is romoved (right).  

(Images by investigator) 
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Figure 30b-iii. Project cost without table (left). Project cost with table (right) 

(Images by investigator) 

Accuracy 

During building design process, it is necessary to determine whether a building of 

a given size, quality level, and desired program requirements can be built within a given 

budget. As long as the ability to influence accuracy of a project cost is highest early in the 

design process, accurate cost estimation during the schematic design phase keeps the 

project cost within the budget throughout the design process. If this is possible with a 

relative certainty, the design and cost estimation approach adopted could be considered 

reliable. In addition, accuracy and reliability could be achieved when there are alternative 

options from which a client could select an option that addresses the specified budget. 

The reliability of a cost estimate during the schematic design phase is impacted by 

a number of factors, including market conditions that change over time, the duration 

between the time where a budget is set and the time of producing the respective 

preliminary cost estimation, the design changes made in the process, the availability of 

alternative design options, and the quality of building design documents. Providing 

accurate and reliable preliminary cost estimation guarantees client satisfaction and 

improves architect-client relationship. 

CM: - During the schematic design phase, cost estimation is derived from 

building’s area and unit price per square footage. Such quantities are adequate for what is 

called a parametric cost estimate which is calculated based on major building parameters. 

Accuracy of preliminary cost estimation depends on the estimator’s marking paper with 

felt pens (or CAD drawings) to indicate what has and has not been measured and 
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counted.89 The building components’ level of detail considered during estimation is much 

limited and in order to include hidden costs, it is typical to include large amounts of 

contingencies. Estimators periodically assess current market prices by contacting 

manufacturers and potential suppliers. Project costs are much higher or much lower than 

the budget. Cost estimation exceeding the budget is most often caused by large amount of 

contingency and repetition of information in the documents. A cost estimate higher than 

the budget could lead to value engineering while the budget actually is sufficient to 

complete the project. Cost estimation below the budget is caused by the lack of properly 

counting building components and lack of updated material prices. Cost estimation much 

lower than the actual cost is a cause of reduced project quality. Surveys of owners 

indicate that up to two-thirds of construction clients report cost overruns.90 Because of a 

lengthy process, the time among design commencement, preliminary cost estimation and 

project execution widens the gap between budget and actual project cost91 (figure 31a). 

Finding out that a particular design is beyond the budget after a considerable amount of 

time and effort has been expended is a good evidence for unreliable cost estimation and 

hence a gap in architect-client communication. 

 
Figure 31a: Effect of time to cost estimation  

(Images by investigator) 

BIM: - Though it is difficult to attain an error free building design solution, BIM’s 

parametric model ensures accuracy of cost estimation by verifying that all items (building 

components as well as furniture) are counted and included, thus reducing potential 

estimating errors. When the model is created, real-time cost information associated with 

building components becomes available and cost information is extracted while the 

                                                 
89  Willem Kymmell, Building Information Modeling: Planning and managing Construction projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p235. 
90  Construction Clients Forum 1997; FMI/CMAA 2005, 2006. 
91  Cost estimation is most often done at the end of the schematic design phase where many important 
design decisions which have direct cost implications are already made. 
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schematic design is in progress (figure 30b-I, ii, & iii). While extracting cost, because 

objects created using BIM applications are distinct and can be easily counted, not a single 

component is excluded from the cost estimation. Volumes and areas of materials can be 

automatically computed, almost instantaneously. By providing earlier 3D visualizations 

to accurately count and quantify the area of spaces and material quantities of building 

components and by effectively coordinating building components with each other, BIM 

allows for accurate area/volume calculation and material quantification effortlessly and 

reliably. Such a capability reduces potential errors and omissions that would be caused by 

overseeing building components. Figure 31b shows that when the area of an exterior wall 

cladding is missing, it becomes apparent in the 3D graphic so it won’t be included in the 

cost estimation. In other words, the volume of the wall is a parametric value, meaning 

that its area is calculated based on its inherent geometry. The wall is also represented 

graphically, therefore making it possible to be seen in its geometric form. Because the 

cost estimate is directly linked to physical components in the model, it is nearly 

impossible to have a component in the model without an associated cost or vice versa.92 

Costs readily associated with building components allow the design team to focus on 

analyzing the financial impact of design changes, rather than evaluating the accuracy of 

the estimate.93 “With appropriate cost information in place, the model-based approach is 

much more “what you see is what you get”––if you see it in the model, it’s counted; if 

you don’t, it’s not.”94 

In order to propose reasonable contingency and reliable cost estimation, factors 

such as further design refinement/development, market fluctuations, and design changes 

are carefully considered. In addition, BIM develops alternative options of conceptual 

models for evaluating the preliminary construction cost estimation associated with each 

option. Capability of providing alternative options helps to run several what-if scenarios 

whenever estimates do not comply with the budget set by the client. 

                                                 
92  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), p16. 
93  Ibid. 
94  Supra note 86. 
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Figure 31b: A missing wall becomes apparent in the 3D graphic and will not be included in cost estimation. 

(Images by investigator) 

Relationship 

Capability of providing good links and relationships in cost estimation helps to 

retrieve a complete set of reliable information within a short period of time. This is 

critical for improved architect-client communications. 

CM: - Because there isn’t any feature that helps to track current material costs, 

market assessment is made by the architect to know price of materials and is manually 

entered to the cost calculating tools (most often a separate Microsoft Excel spreadsheet). 

Figure 32- left shows a template linked/associated to a sink. The template just provides 

information regarding the line from which the sink is made (its color, layer, type, scale, 

plot style, weight, position, name, etc). Such kinds of links hardly assist the development 

of building design information with reliable cost information. 
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Figure 32: CM, no cost information linked to the sink (left). BIM, cost information linked to the sink (right)  

(Image by investigator) 

BIM: - For cost estimating, BIM removes the need of tedious, manual entry of 

building data in to estimating tools, and provides the capability to directly link a building 

model and its components to a cost databases. On the other hand, the cost estimate is 

directly linked and associated to the 3D model and its components. Each and every model 

component has parametric information such as material, size, number (count), length, 

width, height, area, and volume. Such model parameters are combined with the linked 

cost data so that a project cost estimate could be generated. The linked cost database is 

adjustable and can be customized based on client’s preference. Changes made due to 

modifications immediately propagate to the entire project. In figure 32-right above the 

sink is linked to its cost information as well as other physical properties. In BIM cost 

estimation, links among building components and cost database could be made either 

within the same application or by exporting building object quantities to estimating 

software or by linking the model tool directly to the estimating software. Though, due to 

BIM’s early stage of development, there sometimes are lacks of timely updated material 

prices which contribute to widen the gap between preliminary cost estimations and actual 

project costs. For instance, changes of material cost are not automatically picked up from 

manufacturers and suppliers so as to update the cost database in BIM estimation tools.  

Summary for Preliminary Construction Cost Estimation  

Table 10 sums up the capabilities of CM and BIM preliminary construction cost 

estimations in providing improved building design information so as to improve 
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architect-client communication. The qualitative attributes used to compare the CM and 

BIM preliminary cost estimation (which hold cost information of a building design) are 

summarized based on the points discussed in their respective analyses. 

Table 10: Summary for Preliminary Construction Cost Estimation 
Preliminary Construction Cost Estimation 

Attributes CM BIM 
Responsiveness Minimally capable Completely capable 
Modifiability Partially capable Completely capable 
Accuracy  Partially capable Completely capable 
Link and relationship Minimally capable Partially capable 

Appearance 

Appearance of a building design is the way how a building looks to its viewers. 

Schematic design documents such as elevations, 3D models, illustrative materials 

(rendered images and animation), and material finish specifications hold building design 

information regarding appearance. In this section, BIM’s elevations, 3D models, and 

illustrative materials will be discussed in comparison to the Conventional Method. 

Material finish specifications are avoided in this discussion. Although BIM produces 

relatively detailed material finish specification due to the availability of collection of 

building materials in design templates and libraries, material finish specification in both 

cases is basically a chart which lists and describes exterior and interior views of building 

parts or components (displayed in elevations, and 3D models) and their respective 

finishing. In addition, as far as material finish specification describes appearance of a 

building by using text based formats and professional terms, it doesn’t assist a client 

understand design intent and is not critical to architect-client communication. 

Elevation 

In architecture, elevation refers to a flat scale geometrical projection of the front, 

rear, or sides of a building design on a plane perpendicular to the horizon (orthographic 

projection on a vertical plane). In BIM tools elevation is automatically generated while 

working with the floor plan or 3D model. Because of this, the architect barely needs to 
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work with the elevation drawings. Most of the time an architect works with elevation 

drawings whenever there is a need of modifying an automatically generated elevation. 

Even though most qualitative attributes of building design information affect elevation 

drawings to some degree, only customization and modification have important roles 

while working with elevations. For this reason, only customization and modification will 

be parts of this discussion. 

Customization 

Customizing an elevation is not as complicated as customizing other documents 

such as plans, cost estimation and 3D models because the extent of building design 

information displayed in elevation view is limited to the particular part of the building 

within the scope of the elevation view. Customizing an elevation during the schematic 

design phase brings advantages of flexibility and hence alternative design solutions so as 

to address client’s preference. Customizability highly relays up on the availability of 

variety of readymade information in design templates of design applications and 

collection of objects in their libraries. 

CM: - With the help of design templates and collection of standards in their 

libraries, components of an elevation and multiple elevation views could be customized. 

In order to customize and get alternative components, the architect will have to re-create 

a new component of building’s elevation in the same procedure as the component created 

first. Figure 33a shows an elevation view of cantilevered roof shade of the parent drop off 

area of East Field’s Parent Child Study Center. Customizing template is associated to the 

lines from which the roof is created. The template helps to customize properties of the 

lines; line color, line weight and length, and line type after the new component is created. 

Line properties have no direct association with the nature of the actual object/component 

being represented and their impact on customizing the drawing is limited. 
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Figure 33a: Elevation view of parents drop off area (CM)  

(Image courtesy of HKS Inc) 

BIM: - Building design information in the templates and the object library could 

be used to customize components of an elevation with readily available components or 

their parameters. The “model” menu on figure 33b indicates the graphic characteristics of 

the elevations views of the roof. Building material type as well as parametric properties 

of the roof could be customized from the template which holds detailed properties of the 

roof. 

. 
Figure 33b: Elevation view of parents drop off area (BIM)  

(Image by investigator) 

Modification 

Like customization, modifying an elevation is less difficult than modifying other 

building designs documents because there is a limited amount of information displayed. 
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Ease of modifying all documents in the same as well as in different views by just 

modifying part of an elevation facilitates retrieval of building design information with 

much reduced errors and less wastage of information. 

CM: - An elevation could be modified through the lines or other graphics (text, 

hatching, raster image, etc) representing building components in it. This is made using 

the modifying menu provided with CAD applications (figure 34a). A routine task and 

much effort are required to do multiple modifications. Each and every part of the 

elevation will have to be modified separately so as to make the changes consistent 

throughout the elevation as well as throughout the documents in the same and different 

views. As shown in figure 34a, modifying a window in elevation view requires working 

with each line that creates the window. Increasing the height of the window in the figure 

below requires exploding, offsetting, stretching, and deleting tasks. The modifying tools 

as well as the lines representing building components (with the exception of the hatching) 

behave independently and have no association with each other. Hatching of the previous 

smaller window automatically extends to the stretched lines which represent the window 

edges. With the exception of few capabilities like the hatching, generally, the changes 

made are not propagated to the same instants of the window in the same as well as 

different views. Although, with such a lengthy and time consuming process modification 

is very easy and helps the architect to make any modifications so as to address client 

preferences and improve building design communication. 

 

 
Figure 34a: CAD modifying tools and procedures to modify window height  

(Image courtesy of HKS Inc) 

BIM: - Modification is easily and effectively made to an elevation and its 

components by using the modifying tools and/or by accessing parametric properties of 

objects in the templates linked to building components. The components could also be 
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replaced with alternate components in the object libraries of BIM tools. When a change is 

made to any component in an elevation, all the remaining components automatically 

adjust to accompany the changes. In addition, all the remaining views are updated 

instantaneously. Figure 34b shows that increasing the height of the window is made by 

dragging it using the intelligent onscreen modifying tools which pops up when selecting 

the window. In addition, it could be made using the “Window Selection Settings” 

dialogue that displays the parametric and model properties of the window selected (figure 

34b-“parameters”). There also is a possibility of replacing the window with a new one of 

the desired height from the library (figure 34b-“libraries”). Any change made to the 

window automatically propagates to every instance of the window on the same as well as 

separate views. With such a complete capability, building design information could be 

readily developed and architect-client communication could be improved. 

 
Figure: 34b modifying a window in elevation view  

(Image by investigator) 

Summary for Elevation 

Table 11 sums up the capabilities of CM and BIM elevations in providing 

improved building design information so as to improve architect-client communication. 

The qualitative attributes used to compare the CM and BIM schematic elevations (which 
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hold design information regarding appearance) are summarized based on the points 

discussed in their respective analyses.  

Table 11: Summary for Elevation 
Elevation 

Attributes CM BIM 
Customizability Minimally capable Completely capable 
Modifying Partially capable Completely capable 

3D Model 

AIA B141 considers 3D model and related illustrations being optional documents 

during the schematic design phase. Though, nowadays, 3D models are becoming very 

important and widely used documents of a building design. While 3D model is an 

optional document in the Conventional Method, it is a basic document in a building 

design approach that uses BIM. Each and every drawing and document of a building 

design in BIM is automatic generation of the 3D model. Without 3D model, it is 

impossible to think about BIM. Being a backbone of BIM and having a major and 

decisive role in building design, broader coverage is given to 3D model in this paper. 

Starting design of a building in 3D on the first day is not only a design advantage but also 

allows for constant presentation of the design development to the stake holders especially 

to the client. Whether in AEC technology or not, almost everybody involved in the design 

process is capable of understanding a 3D model. This is particularly important for clients 

that lack the experience required to interpret 2D drawings. As explained earlier, most 

clients are capable of understanding 3D models.  

In building design, 3D model is a representation of any three-dimensional object 

(either inanimate or living) with the help of computer applications using a collection of 

points in 3D space, connected by various geometric entities such as lines, triangles, 

curved surfaces, etc. Almost all 3D models can be divided into two categories. 

• Shell (surface) Models - these models represent the surface, not the volume (like 

an eggshell). These are easier to work with than solid models. Almost all visual 

models used in games and film are shell models. 
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• Solid Models - These models define the volume of the object they represent (like 

a rock). These are more realistic, but more difficult to build. Solid models are 

mostly used for non-visual simulations such as medical and engineering 

simulations, and for specialized visual applications such as ray tracing and 

constructive solid geometry 

Models which contain more information than the surface models are often 

referred to as smart models and are typically generated with solid modelers. “From this 

information-rich model, any kind of data needed for design, analysis, visualization, 

documentation, construction management, operation, and so on, can be derived.”95 

During early project phases, owners can expect to encounter more 3D visualization and 

conceptual building information model with programmatic analysis. Generally speaking, 

BIM takes full advantage of the benefits from 3D models over the Conventional Method 

because, unlike the conventional method, 3D model is basic document of the BIM 

database without which the remaining drawings and documents have no existence. Three-

dimensional models and 4D simulations produced from building information models are 

far more communicative and informative to any kind of client than technical drawings.96 

BIM generated 3D models have various advantages over conventional 3D models. Each 

of the advantages are listed and discussed below. Illustrative figures are provided 

whenever applicable.  

Intelligence 

 In building design intelligence refers to the capability of an object to identify and 

know the real world building component being represented. By clearly defining building 

components and improving the quality of information, intelligent objects and documents 

improve architect-client communication during the schematic design phase. Information 

contained model components could be interacted and retrieved so as to constitute an 

                                                 
95  AIA, Architectural Graphic Standards (New Jersey: John Wiley & Sons, Inc.; 11th edition, March 
30, 2007). 
96  Chuck Eastman et al, BIM Handbook: A Guide to Building Information Modeling for Owners, 
Managers, Designers, Engineers, and Contractors (New Jersey: John Willey & Sons, Inc, 2008), pp294-
295. 
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intelligent 3D model. In intelligent 3D models the most basic information is related to its 

physical parameters, such as size, location, and quantity. In addition, further information 

such as material specifications, model numbers, and information about building material 

suppliers is embedded into the model. Generally speaking, solid models tend to hold 

intelligent building information than surface models. An intelligent schematic 3D model 

greatly aids a client to understand appearance of a building design and improve architect-

client design communication. 

CM: - Provides visual data with a schematic 3D model that supports building 

design information regarding building’s appearance. Each component of the model is 

composed of multiple 2D surfaces combined to create 3D model which visually defines a 

building. In figure 35a, because the object is named “door” when it is saved as a block 

after it is created from lines in CAD, it is displayed as a “door” when it is selected. 

Though, when we closely study the door apart from the displayed name, its properties 

just describe the properties of the line from which it is made. In addition, there is no 

intelligent association of building components in the 3D model. As long as the 3D model 

is made up of 2D flat surfaces, it is apparent that incorporating intelligent object 

parameters and properties in to it is difficult. Such 3D models support and make graphic 

visualization of a building easier but they couldn’t perfectly simulate an actual building 

component due to limited intelligence. Conventional 3D models support only easy 

definitions of geometric forms used in architecture like color, texture, and transparency of 

materials which are only useful for surface rendering. As a result, they do not interoperate 

with each other and with their component. 
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Figure 35a: Door properties in floor plan view (left) and in 3D model (right), CM 

(Images courtesy of HKS Inc) 

BIM: - a schematic 3D model is generated from parametric objects that have 

intelligent object attributes embedded to them. Unlike CAD, which is a general-purpose 

tool, BIM tools are specific to building design. It represents a building using intelligent 

objects that know what a real world building component is being represented. In addition, 

components could identify other objects closer to them as well as any other object with 

which they have a relationship. Figure 35b-top left shows that when the computer’s 

pointing cursor gets closer to the door, a message pops up to tell the object being pointed 

is a door. When the door is selected, its properties just give more information about it. As 

shown in Figure 23b-i early, when a door is removed, the wall which hosts the door 

detects the absence of the door and extends sideways to fill the gap (from which the door 

is subtracted). With BIM, intelligent 3D representation of a building which simulates how 

it would be in a real life could be created. From such a completely intelligent and 

information-rich schematic 3D model, any kind of schematic data needed for design, 

analysis, visualization, and documentation could be derived and building design 

information could be readily developed so as to improve architect-client communication 

during the schematic design phase. 
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Figure 35b: Door properties in floor plan view (top left) and 3D model (top right & bottom), BIM 

(Images by investigator) 

Responsiveness 

Requirements of 3D model of a building often center on a set of spatial needs 

defined by the program to describe the appearance of the building. Requirements 

regarding appearance are important aspects of the 3D model because from the 3D model 

a client could easily observe whether the building design is being made in compliance 

with his needs. 
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CM: - Setting project requirements regarding appearance of a building could be 

done by writing requirements on a spreadsheet. With this the architect could follow up 

and review the building design so as to observe if the requirements are being met. The 

problem with this approach is 3D models are incapable of self tracking the project 

requirements written on a separate format (manually written or made with a spreadsheet). 

The reason is requirements cannot be digitally inserted and connected to the project as a 

result of which automatic response could not be given. In fact the architect and client 

could check whether requirements are being addresed or not by virtually walking through 

the project with the help of the 3D model but as long as there is no guarantee that the 

status of every requirement is being detected the architect may not be able to take 

appropriate reactions so as to produce a reliable building design information. 

BIM: - BIM tools for schematic design phase provide the capacity for digitally 

incorporating, tracking, capturing, and reporting project requirements in regards to 

appearance of the building. Coincident objects are automatically highlighted for the 

architect’s attention. This reduces the time, effort and cost required to identify and act on 

building information which do not comply with requirements. The reaction from the 

architect and client depends on whether the deviation from the requirement is acceptable 

or not but such a capability of reporting the status of requirements improves building 

design information and reinforces the respective architect-client communication. 

Conflict Detection 

A conflict is caused among building design components and information 

whenever there is overlapping information due to improper arrangement and alignment of 

components in the 3D model. The role of 3D models is invaluable in simplifying the 

difficulty of observing conflicts in 2D drawings and documents as a result of which 

giving feedback to conflicts in a building design is generally much easier. 

CM: - In the conventional method, most conflict detection is performed manually 

by putting together 2D drawings on a light table or in CAD layers and by walking 

through the 3D model when there is any. In such a manner, conflicting parts could be 
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detected to some extent but detection and revealing each and every conflict in the 3D 

model is not guaranteed. If a conflict is overseen there is no means by which any defect is 

reported while the project is in a design stage.  After the conflict is detected later during 

construction, the fix cost and disappointment it imposes to the client could be adverse. 

This problem becomes quite severe when working with large and complex projects. 

Many conflicts could result from such complex 3D models where there is a high tendency 

that some of the d3efects are not “picked up” in all places in the documents. 

BIM: - Conflicts can be identified more easily through the centralization of access 

to all information regarding the project. In addition, viewing of the spaces and 

components represented in the 3D model with the help of detailed computer visualization 

can greatly aid in understanding of the project and the relationship of all of its parts so as 

to observe and detect a conflict. In fact due to a larger number of details and components 

of complex solid models, conflicts are more likely to happen in BIM models but the 

capacity to detect and report conflicting parts is effective and reliable due to intelligent 

properties of 3D models and their components. Feedbacks to conflicts help to focus on 

analyzing conflict sources. Identifying and fixing conflicts in the building model during 

the design phase largely reduces expensive fixes during construction and avoid client 

disappointments as well. 

Customization 

Customizing a 3D model during the schematic design phase helps for design 

flexibility and hence provision of alternative design solutions. The degree of 

customization of 3D models depends up on the availability of variety of readymade 

information in templates of design applications and collection of standards in their object 

libraries. 

CM: - With the availability of layers, modifying tools and surface properties of 

materials stored in templates, customization of color, texture, etc of surface of buildings 

is possible with no need of much effort. Though, in order to customize appearance of a 

building that affects parameters of 3D models, the architect is required to move, extend/ 
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stretch, and cut the lines or surfaces of the model (figure 36a). Such kind of tasks requires 

much effort and time. This is because the modifying tools as well as templates are not 

capable of modifying surface parameters and automatically transferring the changes to 

the 3D model. The architect will have to produce a new set of drawings and documents 

so as to get design alternatives. With SketchUP template, wall finish (material) could be 

customized but no automatic customization could be made as their capacity is much 

limited. 

 
Figure 36a: Customizing a window in CM  

(Images courtesy of HKS Inc) 

BIM: - have readymade customizable parametric properties of building 

components in their templates and collection of standards in their object libraries. 

Information stored in a template can be used to start and modify a project with lots of 

information already immediately available. With such information rich and intelligent 

templates, any aspect of the 3D model could be customized automatically. With this 
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capability, it is possible to generate as much alternative drawings as required. Such 

variety of options could then be evaluated by comparison so as to select the best one. The 

images in figure H4b-i shows the settings for various properties of the window in a 

template. Each of the sections in the template shows some of the pull-down tabs where 

the window could be customized; the model menu settings determine the look of the 

materials in the 3D views of the model. Figure 36b shows that the window could be 

customized from the list of window types in the template. Multiple windows could also 

be customized together. In addition, its size could also be changed to any desired size 

using the parameters. Apart from the package of information already included in the 

object library, BIM applications are linked to online libraries for further customization. 

The capability of rapidly customizing and evaluating alternative design options of 

buildings appearance based on real building parameters in BIM’s 3D model is invaluable. 

 
Figure 36b: Customizing a window in BIM 

(Image by investigator) 
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Modification 

With building design information, it is critical that all users be able to discern 

whether they are accessing the latest (and only) versions of the information. Updating 

(modification) of building design components directly affects the appearance of a 

building design. If the size of the building is scaled down, the building appears small and 

if a part or component is subtracted, added, or displaced its appearance will change 

accordingly. Modification could include scaling, subtracting, adding, and displacing. 

Ease of automatically editing and updating all components that have a relationship with 

an object/ component being edited as well as updating all documents in the same and 

different views by just updating a single document in any one of the views would be a 

useful and efficient approach. Such mechanisms facilitate building design delivery and 

reduce errors and wastage in the project and hence guarantees project success and client 

satisfaction. 

CM: - There is some level of capacity of editing and updating documents with the 

help of modifying tools. Though, there is a huge challenge in the Conventional Method 

where an individual and many individuals will generally be updating project information 

independently and concurrently of other project components and individuals. All 

drawings and documents of the building are not automatically updated when a change is 

made to any of them, creating inconsistencies in the documents. In SketchUP, there is a 

certain capability of updating multiple objects at the same time if they are instances of the 

same object. Though, as long as model components lack the intelligence of knowing what 

materials they are representing, they are not able to detect anything happening to objects 

that are either adjacent or in a relationship. Figure 37a shows that removing doors from 

the wall leaves a gap on the wall. This means the change on the doors is not propagated 

to the wall and not any other change in the wall is observed to accompany the changes on 

the door. A routine task and much effort are required to consistently update the 3D 

model. While trying to update one component, overlooking any other information could 

result in irreversible errors that could only be detected during construction. Modifications 

made during construction are usually time consuming and expensive. 
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Figure 37a: Before removing the window (left) and after removing the window (right), CM 

(Image courtesy of HKS Inc) 

BIM: - Ease of automatically editing and updating all components and documents 

in the same as well as in different views by just editing a single component and document 

in any one of the views is possible. Modifications to update or produce alternative 

designs could easily and quickly be done using BIM. In BIM applications, when one 

view is scaled, all the other views get scaled accordingly. Any other information 

associated with the one being updated automatically takes/ adapt the changes. Figure 

37b-i shows updating the window affects the wall on which the door was placed. The 

walls have been automatically updated (joined) when a doors are removed. All the other 

views automatically respond to the changes made because they are just different views of 

the same project. Updating will thus only need to be addressed in anyone of the 

components (to the door in the above case) resulting in an update to related objects and 

the remaining views. All components of the 3D model are organized so that multiple 

objects can be selected by type and edited in a single operation. Figure 37b-ii shows that 

all walls of the same typology are automatically selected for editing. In addition, all 

components of a document are so organized that multiple objects can be automatically 

selected (by type, etc) and edited in a single operation. As discussed in the customization 

section above, a change/ update could also be made to object parameters with the help of 

templates. The architect can easily access and update objects (model components) using 

the intelligent templates with no need of directly modifying (moving, stretching, cutting 

etc) objects.  Such capabilities are because BIM's parametric building modeler 

coordinates all changes to the model and the remaining database. Another reason is due 
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to the availability of readymade and customizable information within the templates. In 

addition, BIM applications allow for concentration of information and attempt to 

minimize duplication of information so as to make editing and updating much more 

efficient and consistent. Another capability is that model components could be edited 

using documents which are not in a drawing (graphic) format. This is referred to as bi-

directional link, bringing another capacity of updating model components using text 

formats. The connection between model and documents ensures that a change in the 

documents will be accurately reflected in the 3D model. 

  
Figure 37b-i: Before removing the window (left) and after removing the window (right), BIM 

(Image by investigator) 

  
Figure 37b-ii: Multiple selections of walls of the same typology 

(Image by investigator) 

Relationship 

As formerly noted a link in a building design is the interconnection and 

relationship of various building design information. Information could be direct (visible) 
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part of a drawing or a linked one either in a similar or separate format (such as a 

schedule, a spreadsheet, or a database) to the host drawing or other document. Links most 

often give users an access to view and work with further information attached. A good 

link among components of the 3D model as well as 3D models with other documents 

allow for a strong relationship and coordination of information, one part reinforcing the 

other. A 3D model capable of providing such links helps to retrieve a complete set of 

information within a short period of time. 

CM: - a “link” could be established between a host file and an X-ref file. As long 

as no object property is held in it, when the link is attached to the 3D model, it does not 

reinforce the host document. In Conventional Method, an X-ref file most often is a file 

holding completely separate information with the host file. A title block linked as an X-

ref to the 3D model doesn’t bring any additional information to support the information 

within the 3D model. A title block holds information regarding the project title, client’s 

name, consultant’s name, project number, paper number, etc where as the 3D model 

holds information regarding appearance of the project. Another example of a link 

provided with SketchUP 3D models is a surface linked to a dialogue in which its color, 

texture, and other properties such as line color, line type, and line weight could be 

accessed. (Figure 38a) The surface color and texture has only a little to do with the object 

(building element) being represented. Apart from such kind of links, there isn’t any 

significant link provided to access more pronounced parametric properties of the 3D 

model and its components. 
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Figure 38a: A building element linked to a dialogue providing access to its properties  

(Image courtesy of HKS Inc) 

BIM: - BIM applications provide meaningful links so as to support and reinforce 

building design information in the same or separate application. One way is by providing 

a link capable of accessing properties of building components and furniture either 

through intelligent templates or onscreen tables (Figure 38b). Apart from this, BIM 3D 

models are linked to online libraries for further customization from objects which are not 

part of the same application. Such kind of links provides access to particular information 

from a document with which the model has an association. “One of the chief advantages 

of a BIM is the fact that all the information related to a project can be contained in, or 

linked to, the BIM.”97 

                                                 
97  Willem Kymmell, Building Information Modeling: Planning and Managing Construction Projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p36. 
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Figure 38b: A 3D model in affinity linked to onscreen properties (left). A 3D model in ArchiCAD linked to 
onscreen properties (right) 

(Image by investigator) 

Collaboration 

In regards to 3d models, collaboration is the act of working together with one or 

more people in order to achieve a complete 3D model. The model is the focal point for 

the evolution of the design process, and all project team members primarily communicate 

through the use of the model. Collaboration could also refer to association of different 3D 

components so as to create the entire model. When performed efficiently collaboration 

saves errors and wastages in building design information. Collaboration could be done 

among model components either in the same or separate applications. For example, while 

working with a 3D model, one could work with the building while the others with 

parking lots, play grounds, driveways and walkways, etc. Collaboration works best when 

supported with coordinated stakeholders and building design documents. A building 

design approach that allows for collaboration minimizes project duration, and increases 

productivity. 

CM: - The 3D model is a collection of diferrent surfaces joined together. Each 

and every surface constituting the whole model doesn’t know the fact that in association 
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with other surfaces, it is going to make up a single object. So there is no association and 

coordinaton among them. Figure 39 (left) shows that while joining surfaces so as to 

create a wall, unless manipulated manually, there is no guarantee that edges as well as 

coursing are joining and lining up correctly. The reason is because the surfaces which are 

designed to represent building elements are not typically created to represent specific 

building elements. Having information spread over various locations of the 3D model has 

made collaboration very difficult. Another point is 3D models are done separately and 

documents which support the building design are also done independently of the 3D 

models and drawings, often requiring duplicate, tedious, and error-prone data entry. The 

result is increased effort and time of production with increased wastage and loss of 

information. In fact it took about 120 billable hours to produce the schematic design 

documents of the Parent Child Study Center, Eastfield College. 

BIM: - Development of the model is collaboratively done by the team with every 

model component connected and coordinated. While the design develops by 

collaboration of team members, the available information gradually increases in scope, 

depth, and relatedness. In addition, the connection of information among all 3D 

components within the BIM database made it suitable to focus on its coordination for 

collaborative design processes. In figure 39 (right), information of walls and doors are 

coordinated so a change in the door directly affects the wall. There is no need of spending 

time with the wall as far as the door is automatically updated following the changes made 

to the door. Each component being coordinated and performed by group of coordinated 

individuals results in more efficient use of time and materials in the project to improve 

productivity. Because of this, it took about 36 hours to produce the schematic design 

documents of the Parent Child Study Center, Eastfield College. This is much shorter 

compared to the time taken by the Conventional Method. In fact this duration could have 

been much lower if the documents were produced by much experienced BIM user. The 

investigator just learned Affinity and ArchiCAD in order to produce the BIM version of 

case study project and of course has no much experience with the BIM tools used in this 

study. BIM processes could reduce efforts (are less laborious) shifting the effort to 
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problem solving rather than wasting time in real-time drafting of individual 3D 

components drawings and routine document preparation tasks.  

Though it is difficult and impossible to attain error free building design solutions, 

BIM’s parametric virtual models ensure accuracy by verifying that all items are counted 

and included. In addition, consistent drawings can be extracted from the 3D model for 

any set of objects or specified view of the project. When changes to the model are 

required, fully consistent drawings could be generated due to the capability of 

coordinating all the modifications throughout the project. 

 
Figure 39: Block coursing does not lining up (left-CM). Coursing on joint perfectly lines up (right-BIM)  

(Left-Image courtesy of HKS Inc., right-image by investigator) 

Representation 

Peoples need to be able to visualize something (an object or an idea) to be able to 

understand it and communicate with it. The visualization actually is an abstraction of an 

object or idea. Interpreting the abstraction requires a certain capability of visual 

communication. Peoples have varying ability to learn how to visualize; but even with a 

lot of ability “ a picture is worth a thousand words.” And if a picture is worth a thousand 

words, then how much will a 3D model be worth or an animation. Too low a level can 

render the model useless; too high a level can waste a huge amount of modeling time. 

The appropriate level is determined by the intended use of the model––this can change 
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with the progress of the project, and there could be multiple uses of the model for 

different purposes at any given point. The level of complexity of a 3D model generally 

refers to the nature of the information contained or linked to it. 

CM: - Conventional 3D models showed great potential in their ability to 

communicate design intent by providing 3D visualization which helped the designer in 

the development of project details because the components of a surface model contain 

information regarding the size, shape, color and texture of the building surfaces which 

facilitates the study visible aspects of a project. Though, when there is a need of 

visualization beyond this level, models from the conventional method are not capable of 

carrying much information as solid models. The abstractions they use most often have no 

direct connection with the actual materials being represented and hence not clear for 

peoples who are not professionals in the discipline. Each person could have different 

understanding of the construction materials and their different characteristics to compose 

the visualization of the object or idea. As long as building representation is subjected to 

interpretation of individuals (including the client), inconsistency in visualization of 

building components could be resulted. Figure 40a shows conventional 3D wall section. 

The wall is just represented by a single surface. Nobody knows what material the wall is 

composed of because there is no visible information provided. In addition, the model 

parts are not parametric. They are just collections of edges with little ability to hold 

information, not more than information about the distance between the two lines. 
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Figure 40a: Wall represented by a single flat surface (left). Wall represented by double flat surfaces with 

void in between (right)  
(Image courtesy of HKS Inc) 

 

BIM: - BIM 3d models are abstractions of reality using solid models which are 

actual representations of real objects in 3D space; having the correct dimension, location, 

and ability to contain other information about the object characteristics; e.g., a wall can 

consist of various thicknesses of specific materials that can then be used to calculate 

material quantities from the model. Solid objects represent the real objects both inside 

and out; in other words walls have an actual thickness and “look solid” in a section view 

(figure 40b-i).  In addition, coursing and pattern is set in templates and perfectly 

represents actual coursings in building materials. “Solid model components have volume; 

even the thinnest elements will have a measurable thickness (unlike the surfaces in 

surface models).”98 3D components are represented by complete abstraction of real world 

properties. Moreover, a BIM 3D model clearly represents the project and allows the 

visualization of many of its features, even with surprisingly few details. The human brain 

works well in its ability to abstractly represent objects and to understand through the use 

                                                 
98  Willem Kymmell, Building Information Modeling: Planning and managing Construction projects 
with 4D CAD and Simulations (USA: McGraw Hill, 2008), p100. 
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of abstractions. For abstraction, BIM 3D models use symbols resembling the actual 

materials and convey a lot of meaning with a simple model99 (see figure 40b-ii). 

 
Figure 40b-i: Walls represented by solid object 

(Left-image by investigator, right-image from Willem Kymmell, 2008) 
 

  
Figure 40b-ii: Walls represented by individual building blocks 

(Image from Willem Kymmell, 2008)  

                                                 
99  Ibid. 
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Summary for 3D Model 

Table 12 sums up the capabilities of CM and BIM 3D Models in providing 

improved building design information so as to improve architect-client communication. 

The qualitative attributes used to compare the CM and BIM schematic 3D Models (which 

hold design information regarding Appearance) are summarized based on the points 

discussed in their respective analyses.  

Table 12: Summary for 3D model 
3D Model 

Attributes CM BIM 
Intelligent Not capable Completely capable 
Responsiveness Minimally capable Completely capable 
Clash detection Minimally capable Partially capable 
Customizability Partially capable Completely capable 
Modifying Partially capable Completely capable 
Link Minimally capable Completely capable 
Coordination Minimally capable Partially capable 
Representation Partially capable Partially capable 

Illustrative Documents/ Materials 

As part of the schematic design documents, the architect may agree to provide 

illustrative documents such as rendering, animation, and physical model. In architecture, 

rendering is the process of generating (creating) life-like raster image from a vector based 

drawing or model by means of computer applications that have high computing engines. 

Animation is the rapid display of a timed sequence or series of 2D graphic images or 

frames together in order to create an illusion or appearance of continuous movement. In 

the AIA B201 form of owner-architect agreement, such services are referred to as 

“additional services”.100 Rendered images as well as animation are not BIM in nature 

because they do not hold parametric information and object properties but they support 

architect-client building design communication by providing information regarding the 

internal as well as external surface appearance of a building which is easier to be 

                                                 
100  AIA, The Architect’s Handbook of Professional Practice (New Jersey: John Wiley & Sons, Inc.; 
14th Edition, March 24, 2008), p526. 
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understood by clients. For this reason it is worth discussing if BIM can provide improved 

illustrative documents. 

In BIM, working with illustrative materials is easier and simpler than the 

conventional method because the 3D model from which rendered images are produced is 

an automatic generation of the design task. The architect can just start rendering from an 

already BIM generated 3D model. Another point is that, in order to be rendered, 

conventional 3D models need to be exported to high end rendering applications such as 

3Ds Max and 3D VIZ where as BIM tools are capable of producing rendered images with 

no need of exporting to external application. This is because BIM tools have built in 

rendering engine. However, in order to produce a good quality rendered images, BIM 

generated 3D models need to be exported to such high end rendering applications. In the 

same manner to rendered images of the conventional method, illustrative materials 

produced in BIM are basically raster image formats. Because of this, rendered images 

from BIM tools do not enhance the BIM database. Rendering outputs such as still images 

and animation from BIM just serve and behave in the same manner as renderings from 

Conventional Method. Raster images are naturally incapable of carrying pronounced 

object properties and parametric information of building design except the external and 

internal surface appearances of a building design. Although it is capable of providing 

illustrative documents in a relatively less effort and shorter time, BIM hasn’t made much 

contribution to improve building design information provided by renderings of the 

Conventional Method.
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The two tables below summarize the results of analyses made throughout this section. The analysis of each CM and 

BIM is provided separately so that it will be possible to easily visualize the results/capabilities of each method. The summary 

is based on the rubric previously introduced to evaluate the analysis. Verbal explanation of the summarizing tables below is 

also provided in the conclusion section. Numbers indicate the values associated with the respective colors. 

Table 13: Tabular summary of the analysis - CM 
  FUNCTION  COST  APPEARANCE   

  Site Plan  Floor Plan  Section 
Statistical 
summary 

Outline 
specifications 

 

Preliminary 
construction 
cost estimate 

Elevation  3D Model 
Illustrative 
Documents/ 
Materials 

Sum 

Responsiveness  1  1    2    1    1     
Clash Detection  1  1            1     
Customization  2  2  2        2  2     
Modification  2  2  2      2  2  2     
Link/Relationship  2  2        1    2     
Collaboration  1  1            1     
Accuracy            1         
Intelligence                0     
Material 
Representation 

              2  1   

SUM  9  9  4  2    5  4  11  1  45 
 

Table 14: Tabular summary of the analysis - BIM 
  FUNCTION  COST  APPEARANCE   

  Site Plan  Floor Plan  Section 
Statistical 
summary 

Outline 
specifications 

 

Preliminary 
construction 
cost estimate 

Elevation  3D Model 
Illustrative 
Documents/ 
Materials 

Sum 

Responsiveness  3  3    3    3    3     
Clash Detection  2  2            2     
Customization  3  3  3        3  3     
Modification  3  3  3      3  3  3     
Link/Relationship  3  3        2    3     
Collaboration  2  2            2     
Accuracy            2         
Intelligence                3     
Material 
Representation 

              3  2   

SUM  16  16  6  3    10  6  21  2  80 



Texas Tech University, Yohannes A Tessema, December 2008 

134 
 

CHAPTER IV 
CONCLUSION AND RECOMMENDATIONS 

Conclusion 

Architect-client communication has advanced to a relatively higher level with the 

advent of computers as an aid for automating building design process and with the 

introduction of conventional 3D modeling technologies, advanced definition and complex 

surfacing tools were developed and as CAD systems became more intelligent BIM took 

over to bring the AEC industry to a higher capability of providing improved information 

based on 3D digital and virtual model that comprises complete database information. 

Virtual mistakes made while working with BIM’s virtual 3D models are safe because 

they are identified and addressed early in the design process. BIM is quite broad and 

believed to automate the entire building lifecycle. Such a capability is paramount 

especially in the schematic design phase which is the earliest and determinant phase of 

the basic services in a building design process. It is from this phase that architect-client 

communication is founded and the remaining phases are based. Strong architect-client 

relationship and communication in this phase reinforces the architect’s and client’s 

decision on the function, cost and appearance of the project. 

With the help of the case study project, the comparison made to the CM and BIM 

schematic design documents in regards to the qualitative attributes of function, cost and 

appearance of a building and the rubric developed to evaluate outcomes of comparison, it 

is apparent that there is improved quality of information in the BIM schematic design 

documents which improve architect-client communication. It was my hypothesis that BIM 

can provide better quality of information in the schematic design phase improving 

architect-client communication. From the result of the analysis (Tables 13 and 14) it 

could be easily observed that the CM is dominated by orange color with some yellow and 

very little white colors (see Table 13). This implies that there basically is a partial 

capability and in some aspects minimal capability with this method. More yellow color 

on cost implies that the CM is especially weakest and less reliable in preliminary cost 

estimation and slight white indicates its weakness in regards to having intelligent building 
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components. On the other hand, the analysis result for BIM is dominated by red with 

some orange colors (see Table 14). This implies that BIM basically has a complete 

capability and in some cases partial capability of improving schematic building design 

information. Nearly equal red and orange colors in the preliminary construction cost 

estimation indicate its being average between partial and complete capability in regards 

to preliminary cost estimation. It is also evident that BIM is especially strong in 

improving function and appearance of a building design. From this result it could be 

claimed that BIM can generally provide better building design information for 

improved architect-client communication in the Schematic Design phase. 

Using BIM generated documents project requirements could be tracked and 

reported, conflicting information among building design documents could be easily 

detected and reported, flexibility and customization could be achieved easily and quickly, 

modification can be made consistently, effectively and easily, links could be created to 

facilitate access and work with supportive and associated documents, benefits from 

collaborative design approaches could be effectively gained with the help of well 

coordinated and organized documents and design stakeholders, and better representation 

of building components is possible. With BIM, much of the benefits are attributed to 

standardizing work processes and capture knowledge digitally, rather than through labor 

intensive manual and CAD processes; resulting in expedient and less laborious 

production, more alternatives, fewer claims, fewer documents, fewer errors, less wastage, 

fewer budget and schedule overruns and higher productivity. Such capabilities are 

paramount for improved architect-client communication, the final outcome being client 

satisfaction and project success. BIM undertakes such a complex process and analysis 

through its intelligent virtual 3D model and building components that have parametric 

and detailed object properties which behave in the same manner as actual building 

materials. Intelligent design templates and more pronounced building design information 

in design libraries are also important for this capability. Such a capability improves 

architect-client communication by letting and enabling them to clearly visualize and 

understand the building virtually so as to address any issue. Managing this 

communication had been a challenge with the CM for many of the reasons explained in 
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this study. Building design information contained in BIM reinforces the building design 

by generating integrated documents that provide improved information. Such information 

could further encourage architect-client conversation and communication by creating 

mutual understanding between them. 

“Drawings are fundamentally paper-based in format. Drawing symbols 

and formatting conventions have evolved primarily because paper is a two-

dimensional medium; orthographic projections were essential for measuring 

distances on paper. If and when digital displays become sufficiently cheap and 

flexible to suit the conditions of work onsite, paper printouts of drawings will 

likely disappear. Once drawings are no longer printed, there will be no clear 

reason to maintain their formatting conventions and they may finally disappear 

altogether.”101 

With such a revolutionary orientation, BIM stands to automate building design 

delivery and its complete lifecycle; from earliest conception to demolition. 

                                                 
101  Chuck Eastman, Paul Teicholz, Rafael Sacks, and Kathleen Liston, BIM Handbook: A Guide to 
Building Information Modeling for Owners, Managers, Designers, Engineers, and Contractors (New 
Jersey: John Willey & Sons, Inc, 2008), p311. 
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Recommendations 

Though BIM potentially improves architect-client design communication in the 

schematic design phase, there are potential barriers to implementing BIM technologies in 

the schematic design phase. Most barriers are attributed to the software programs and 

others are related to readiness of the AEC industry to implement BIM in the building 

design process, especially in the schematic design phase. Although the goal and target of 

BIM technology is to completely automate the building life cycle, the fact that BIM is in 

its developing stage also has its own negative effects on the current slow adoption of its 

implementation. Another barrier is that most BIM model creation tools are generally too 

complex to be used for the schematic design phase. 

As the use of BIM is widespread by architects in the schematic design phase, the 

tools associated with the design process are likely to become increasingly important. But 

the current technology base is not yet in place to fully support such a change. The 

software programs available today cannot fully support the architect to produce a 

complete schematic design documents. The architect needs to work with different 

software programs (affinity and ArchiCAD in this study) to get a complete set of 

schematic design documents. Each software program has different capabilities and 

interfaces. In some cases the architect needs to fill gaps by using the CM. There is also 

some limitation of data exchange and workflows between different software programs so 

that the architect will be subjected and required to reworking. In order to enable the 

architect smoothly work between different BIM tools for schematic design, the need to 

interoperate their different functionality is critical and a further study on this issue is 

demanding. In addition to this, effective use and adoption of BIM requires improvements 

of architectural practice, advanced use of information, and improvement of the overall 

design life cycle from the earliest stage including programming and feasibility study to 

demolition.  
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APPENDIX A 
SCHEMATIC DESIGN DOCUMENTS PRODUCED USING THE CM 

 

 All the figures in this appendix are CM schematic design documents of the case 

study project “Parent-Child Study Center, East Field College” produced by HKS Inc. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 41: Site Plan (CM) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 42: Floor Plan (CM)  
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Figure 43: Floor Plan (CM) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 44: 3D Model (CM) 
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Figure 45: 3D Model (CM) 
 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 

Figure 46: East Elevation (CM) 
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Figure 47: South Elevation  (CM) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 48: Section (CM) 
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Figure 49: Space Utilization Analysis (CM) 
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Figure 50: Project Description/Outline Specification (CM) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 51: Preliminary Construction Cost Estimation (CM) 
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Figure 52: Preliminary Construction Cost Estimation Totals (CM) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 53: Comments (CM) 
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