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(ABSTRACT)

Communication is one of the most important aspects in any project. This is especially true
in the case of projects in the Architecture-Engineering-Construction industry. The
traditional forms of communication such as drawings and specifications are not adequate
in achieving the required levels of understanding among project personnel. The concept
underlying the project, i.e. the collection of arguments and decisions and the thought
underlying them are not communicated. This may lead to various project personnel having
differing views about the requirements of the project.

This research focuses on an attempt to communicate the thought process underlying the
project to the various project personnel so that they have an unambiguous and clear
understanding of the essentials of the project and to test the success of this attempt using a
field example. The thought process or concept underlying a project is defined as the
design rationale for the project.

There have been many approaches to the communication of the concept that is the basis of
a project. After a literature survey of the various approaches, the design rationale
approach, which attempt to explicitly communicate the rationale was chosen. Considering
the various definitions and models of design rationale, a model based on the Lee and Lai
representation was chosen as the basis for this work.

Making certain adaptations to the Lee and Lai representation based on the requirements of
the industry, a representation structure consisting of rationale networks was developed.
Based on the rationale representation, DRARS, an object oriented rationale representation
tool was developed. The rationale was represented in DRARS using object networks.
DRARS was then tested on an actual project involving the renovation of a school building.
Based on the collection and representation of the rationale, DRARS was evaluated for its
abilities to easily author and represent design rationale. DRARS performed well in
achieving both the objectives of ease of authoring and the richness of representation.

DRARS, however stores rationale that is not computer processable and presents the
rationale for human interpretation. DRARS also uses multimedia to support the richness
of the representation.
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Chapter 1

Introduction

1.1  Background

Construction is a complex process that involves many people and many skills. The
construction process in the United States is both vertically and horizontally fragmented
[Howard et al 1987]. The process is vertically divided into various phases of
conceptualization, preliminary design, detailed design; construction, retrofit and finally
decommission. It is also horizontally fragmented in that there are many specialists working
in each of these phases. Communication among the different people involved is essential

to construct a structure that is responsive to the needs and requirements of the owner.
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The traditional and common method of communication among the personnel
involved in the project is the design drawing supported by specifications [Howard 1991 ].
The content of this communication is limited to descriptions and requirements of the
structure to be constructed. The information about the objectives and assumptions
underlying the design are not communicated. This information is important because
without it, personnel downstream may make assumptions and decisions that are

inconsistent with the objectives and assumptions made earlier in the project.

This information about the underlying objectives and assumptions is called design
rationale. Design rationale is implicitly expressed in the design drawings and decisions
made and is not explicitly available. Design rationale may also be abstract as it is the
thought processes of the designers. This research focuses on developing a tool that can
represent design rationale and test it on an actual project. Communicating design rationale
has many advantages. It helps to gain a better understanding of the issues involved in the
construction of a project and hence helps to construct a better project. Storing design
rationale is useful when future decisions on the project require an understanding of the
initial assumptions and objectives. Another use of design rationale is that it forms a
historical database. It contains all the assumptions and approaches to the construction of a
particular project. This information can be of use for designing and constructing similar

projects.
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An important component of this research is the emphasis placed on the testing of
the software tool on a actual project. This is a validation of the various uses of design
rationale and the assumptions made during the design of the tool. Therefore, this thesis is
an effort to show the application and usability of communicating design rationale and

improving communication among the project personnel.

1.2  Research Objectives

The objective of this research is to formulate and test the applicability of
representing and communicating design rationale. This is to be achieved by:
1. Developing a schema and creating a software for representing design rationale.
2. Validating the design rationale approach on an actual project using the software tool

created.

Developing a schema for representing design rationale involves understanding the
form and content of design rationale. Once a structure or model is formulated, it has to be
adapted and implemented into a software tool. The strength of the model and the usability
of the software can be validated only by applying the tool to an actual project. The testing
brings out the strengths of the software and verifies the assumptions made during the

formulation of the model.
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1.3  Research Scope and Limitations

Representing and communicating design rationale encompasses a large problem
space. In order to manage the problem effectively, a clear understanding of the scope and
the limitations perceived therein is required.

The first objective involves:

1. Formulating a representation schema for representing design rationale. The schema
must be easy to implement and must constitute as much of the design rationale as
possible.

2. Development of a software based on the representation schema, in the construction
domain, that can author, store and retrieve rationale. The software must also have
modeling capabilities to create models of rationale.

The limitations perceived for this first.objective ggr e:

1. The representation created may not be able to completely capture the rationale. The

structure of the rationale may lead the user to not completely describing the rationale

underlying the artifact.

2. The software may be too distracting from the normal process to use in creating design

rationale. Since rationale is generated by the designer while designing, to temporarily

suspend the design process and generate rationale may interrupt the thinking of the

designer.
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The second objective involves:

1. Creation of examples and formulation of a testing procedure to test the software
developed for its capabilities to achieve representation and storage of design rationale
in a field situation.

2. Testing the software in the field based on the procedures developed and validating the
use of the design rationale approach as a solution to the problem.

The limitation perceived for this second objective is:

1. The testing process may not adequately test the capabilities of the system as the

understanding of the software would increase with its use.

1.4  Research Methodology

The two objectives are accomplished by five distinct work elements. They are:
1. Review of literature on representing and testing design rationale ( Chapter 2).
2. Formulation of a representation schema based on the Lee and Lai Model (Lee and Lai
1991) ( Chapter 3)
3. Implementation of the model in a software ( Chapter 4 and 5)
4. Development of testing procedures ( Chapter 6)

5. Testing and validation of the software( Chapter 6)
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The methodology to be adopted in performing these five work elements is

discussed in the following sections.

1.4.1 Literature review

Design rationale is a concept that has recently become popular in the field of
human-computer interaction [Carroll and Moran 1991]. There have been many
publications about using design rationale to improve concepts, methods and the design
process. The literature review therefore has two foci. One is to study the various
publication for the definition, content and models of rationale. The other is to review the
methods of implementing these models into computer software for use in their respective
domains. Most of the publications in this area do not include or explain their mechanisms
for testing and validation of their software. This facet has to be explored by drawing from

publications about testing in other areas.

1.4.2 Formulation of representation schema

Based on the literature survey, a suitable model for design rationale ( The Lee and
Lai model) was adopted for the purposes of this research. The choice of this model is
based on various aspects. These aspects include the strength and richness of the model,

the implementability of the model and the applicability to the construction domain. The
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view adopted in this thesis has been for a design rationale model that is not too rigid and
formal. The model also is meant to be human oriented rather than computer oriented.
This means that the model need not be computer processable. The design rationale
represented in the model requires human interpretation. This work element requires
careful consideration as it forms the backbone on which the rest of the research is
supported. The model chosen also needs to be adapted for application in the construction

domain.

1.4.3 Implementation of the model

This work element involves the development of a computer software that uses the
rationale model to author, store and retrieve design rationale. The computer
implementation constitutes a prototype tool called DRARS: Design Rationale Authoring
and Retrieval System. DRARS is a application developed in an object oriented
environment called KAPPA-PC that works in Microsoft Windows. This system is a tool
to achieve the testing of the design rationale communication approach in a field
environment. Therefore, the design and development of this system embody all the
objectives and goals of the research. This system is a prototype that is designed both
efficiently and can be expanded to professional level based on the success of the

application.
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1.4.4 Testing

The methodology to carry out the testing of DRARS on a field project requires
the following:

Development of test objectives procedures

It is important to determine the objectives of the test, so that the testing can be
designed to best achieve these objectives. Based on these objectives, the procedures for
conducting the test have been developed. These procedures explore and use most of the
important facets of the tool.

Identification of a suitable test project

A suitable test project that can test the design rationale communication has to be
identified. The personnel involved in the project have to cooperate and provide the
rationale in the project. A methodology must be developed to collect the rationale. As of
the writing of this thesis, a Virginia Tech renovation project that required a lot of
interpersonnel communication has been identified. The method of collecting rationale
developed uses video recordings of interviews with the various personnel involved in the
project.

The collected rationale is placed in the system and conclusions can be drawn about
the efficiency and ability of DRARS to store and communicate design rationale. These
evaluations document the amount of success of DRARS in communicating design

rationale.

1.0 Introduction 8



1.5 Presentation of this thesis

This thesis consists of seven chapters. The first chapter explains the focus,
objectives, scope, limitations and methodology of the research. It describes the

background and the need for research in communicating design rationale.

Chapter two reviews the literature about issues in design rationale, computer
implementations and the need to communicate design rationale. It focuses on the
problems in communicating design rationale, the definitions of design rationale, computer

implementations and testing of these software.

Chapter three describes the attributes of the model of rationale chosen. It
elaborates on the various facets of the model and the adaptations required for it to be

implemented in the construction domain.

Chapter four explains the development and implementation of the model in the

form of data structures and objects used in DRARS. It describes how the rationale is

represented in the form of computer structures in DRARS.
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Chapter five presents examples to explain the various aspects of using DRARS.
Included in the descriptions of these example are implementation details of the processes

used in DRARS.

Chapter six describes the collection and application of rationale of an actual project to

DRARS.
Finally, Chapter seven summarizes the whole thesis and provides the conclusions

from the research effort. It also provides recommendations for future enhancements and

research.
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Chapter 2

Literature Review

2.1 Introduction

The literature review is orgariized according to the approach to the research. The
literature that forms the motivation for this thesis and reviews the rationale communication
problem is discussed in section 2.2. In section 2.3, the various publications on the
definition, content and models of design rationale are described. The implementations of
these models in the form of computer tools and their application domains is explained in
section 2.4. Section 2.5 reviews the literature on testing tools and evaluations in a field
environment. Finally, section 2.6 summarizes the literature review. Many publications

were reviewed in the process of studying the approaches to the problem space. Indicative
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reviews are presented to provide a feel for the research that forms a background for this

thesis.

2.2 Construction

Construction is a purposeful activity that translates a concept in the mind of a
person into an actual artifact that will satisfy the needs and requirements of that person.
Construction, in this context, includes the entire spectrum of activities from concept
through design and execution to final rehabilitation and decommission of a project. One
of the unique aspects of construction is that there are many uncertainties [CII 1991]. This
can be seen from the certainty matrix in figure 2.1 (next page). The degree of uncertainty
as to what is to be done is shown in the vertical axis. The horizontal axis shows the
degree of uncertainty with respect to how the project is to be constructed. The status of
the owner, designer and constructor with respect to these two questions is shown in the
graph. The owner usually has a the lowest certainty about what is to be constructed and
how its should be constructed. The designer has a higher certainty and the constructor has
the highest certainty of what is to be done and how it should be done. This is because the
information received by the constructor has been processed and refined by the owner and
the designer. However, the question of why should the project be constructed is not
passed on through the lines of communication. Therefore, it is important that there is

excellent communication among the construction project personnel.
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