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Abstract

The provision of software support for conceptual model design processes has

hccn an important issue in Model Management Systems research. This study

examines the issue by empirically studying design behaviour and the techniques used

during design, with a focus on the use of abstraction in the design process.

A framework that explains the relationships between the use of abstraction and

the output of the design process is proposed. We classify abstraction into vertic.J,

horizontal and general abstraction techniques. We then propose that three dimensions

of a design: the completeness of the design, higher level concepts in design, and the

organization of the design, are affected by effective use of these abstractions. We

also propose aids to support these three types of abstraction, and develop measures to

evaluate their effectiveness.

A software prototype was developed to illustrate the implementation of the

proposed abstraction aids. A pilot study was also conducted to test the effectiveness

of these aids using different versions of the prototype.

Three hypotheses that test the effectiveness of the proposed abstraction aids

were tested in an experimental study with treatments that included three design

environments and two training methods. The three design environments were two

which were supported by pencil and paper design, and one which was supported by a
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software prototype. The two training methods used were based on our proposed

abstraction aids. The results of the experiment indicate some significant differences

in the performance of the participants in different treatment groups.
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Chapter One

INTRODUCTION

The provision of an interactive problem solving environment that supports

the creative and intuitive aspects of decision making has been an important issue in

Decision Support Systems (DSS) research for some time [Alter, 1980; Sprague &

Carlson, 1982; Weber, 1986; Turban, 1988]. However, only very limited advances

have been made in this field [Elam & Mead, 1987, 1990]. A similar phenomenon

has been observed in Model Management Systems (MMS) research, which is a

subset of DSS research that concentrates on the creation, implementation and use of

models in DSS environment. Although model management systems should have as

a major objective the provision of support for model formulation, little research has

been done to develop effective techniques for problem conceptualization and

creative model design [Hwang, 1985; Pracht & Courtney, 1988; Pracht, 1990].

The lack of support for the problem conceptualization process, also known

as the upstream design process, may be attributed to the intangibility and

uniqueness of such processes. The process is intangible because it is often

performed in the model designer's mind in an iterative fashion before a tangible

form of the design is expressed. This makes understanding and providing support

for these processes extremely difficult. The characteristic of uniqueness results
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from the fact that design is a cognitive process. which is highly dependcnt on

individual differences. The process followcd in creating a dcsign is uniquc to thc

individual designer because of personality factors, the designer's previous dcsign

experience, and problem domain knowledge. Hence, the intangibility and

uniqueness of design processes have been major obstructions in the study of sueh

processes and thus have hindered the development of more effective general design

support tools.

The design process can be made more tangible by building a conceptual

model of the application problem. We therefore believe that, by providing

appropriate support for constructing conceptual models we are, in essence,

supporting the problem solving process and/or the upstream model design process.

The arguments are as follows. First, conceptual models of a problem, that often

use entities and relationships to portray the objects of the problem and the relations

among these objects, may be used as qualitative aids to analyze a problem by

manipulating the structure and the content of related conceptual models, thus

examining the problem at the desired level of abstraction. Second, although

analytical models are often used for solving a variety of problems in a decision

support system-supported environment, overlaying every analytical model there is a

conceptual model that maps the problem situation into that model. Therefore, the

model designer, either as an intermediary staff member or as the ultimate decision

maker, will benefit from being able to conceptualize his/her views of the problem
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more effectively and efficiently before the form of the analytical model takes form,

by using a conceptual model of the problem.

However, the conceptual model design process is known to be influenced by

both the designer's cognitive process [Simon, 1978; Best, 1986] ,md the problem

solving techniques chosen by the designer [Newell & Simon, 1972]. This influence

is often reflected in the procedure that a designer adopts to simplify the problem

[Jaques, 1978; Guindon et aI., 1987a]. We have found, through a thorough review

of relevant studies in design, that although abstraction was suggested as the most

common and powerful tool to support the problem simplification process [Ossher,

1987], little work was devoted to understanding and measuring its role in

conceptual model design. Also missing from the existing literature is a framework

that explains the relationship between the use of abstraction and its effects on the

designs which are created. This has become the major motivation behind this

study.

Our study begins with a literature review that includes studies in four areas.

First, studies in MMS are reviewed. Ideally, in a DSS-supported environment, the

conceptual model of a problem is designed through an MMS. Therefore, an MMS

provides an ideal environment for implementing techniques that support conceptual

model design. Our review is focused on the capabilities of current MMSs in

supporting conceptual modelling. Second, we review different types of models and

the upstream model design process. The intention is to examine the nature of



conceptual modelling further and to identify its strengths in supporting creative

problem solving and model design. Design has been considered as a cognitive

process that is influenced by individual characteristics. Therefore. some of the

relevant studies of the impact of individual characteristics on model design are

3ummarized. Third, techniques from published studies that support the conceptual

model design process are reviewed and synthesized. The reviews in these three

areas help us to establish the crucial link between the design process and the usc of

abstraction. Last, we review the concept of abstraction, its effects on model

design, and techniques that support the use of abstraction.

The literature review forms the basis for our empirical studies of the model

design process. The focus of our empirical studies is on how individuals apply the

technique of "abstraction" and how to support the use of this technique. This will

help us to identify relationships between the use of abstraction and the design

output, to be used in the development of a theoretical framework that explains this

relationship.

The trend of current DSS and MMS research is toward developing systems

that enhance creativity during problem solving and decision making [Elam & Mead,

1990]. Therefore, it is of great importance to be able to implement some of the

abstraction supporting techniques in a software supported design environment. We

have devoted a great deal of effort both in studying the ways to implement these

techniques, and in measuring their effectiveness.
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The goals of this study are (I) to develop a better understanding of upstream

design processes, (2) to study how abstraction is used in the design process, (3) to

develop a theoretical framework to explain the relationships of abstraction to

conceptual model design, (4) to develop quantitative measurements that reflect the

usc of abstraction in design, (5) to develop a software prototype to demonstrate the

implementation of techniques supporting the use of abstraction in model design, and

(6) to conduct an experimental study which evaluates the effectiveness of the

proposed abstraction support in certain design environments.

The thesis is organized as follows. Chapter 2 reviews the relevant studies,

leading to the research questions and goals. Research goals provide a more detailed

description of how we will approach the problems, thus serving as a bridge linking

the literature review and our research in the chapters thereafter. The pre-prototype

empirical studies of design behaviour are presented in Chapter 3. The studies are

oriented toward observing and analyzing model designers' behaviour in the

modelling process, with an emphasis on the use of abstraction. We adopt the

technique of protocol analysis by tape-recording the "thinking aloud" design

process. Based on the findings of our empirical studies and the related literature

review, we propose a theoretical framework that illustrates the relationship between

the use of abstraction and design. Also incorporated in the framework are our

recommended abstraction aids and a measurement of their use.
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A software prototype was developed to partially implement the proposed

abstraction aids as well as to facilitate the study of the effectiveness of these aids in

a computer-supported design environment. The prototype development and testing

procedures are described in Chapter 4. The effectiveness of the proposed

abstraction aids are tested in both the paper and pencil design environment and the

prototype-supported environment. The experimental design and the test results are

presented in Chapter 5. Chapter 6 includes a final summary of findings and

conclusions, and suggests directions for future research.



Chapter Two

REVIEW OF RELATED STUDIES

2.1 Model Management Systems (MMS)

2.1.1 Definition and Functions of MMS

The term "model management system" was first defined by Will [1975], as a

software system that is capable of establishing and maintaining model banks that

contain a variety of operational models. Elam and Konsynski [1987] stated that an

MMS is a software system that can a) identify the tasks required to build and use

models in a decision support environment, and b) provide a high level of software

support for performing these tasks. Applegate et al. [1986] defined a model

management system as a software system that provides for the creation, storage,

manipulation and access of models. In general, the key concept of MMSs calls for

the capture of both the problem domain-related knowledge and model

structure-related knowledge, as well as the storage of this knowledge in a

processible form in order to support more flexible decision making [Henderson,

1987].

Elam and Konsynski [1987] organized the functions of MMSs into three

groups in terms of model formulation, analysis and results interpretation. By their

definition, model formulation includes formulating new decision models, exploring

7
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ideas and analyzing issues, as well as choosing existing models from a model base.

These activities. except those of choosing from existing models. are generally

recognized as upstream design activities, which will be d: scusscd in more detail in

section 2.2. Their [Elam & Konsynski, 1987] classification provides a conceptual

base in tenns of what functions a model management system should have in order

to enhance the analytical and problem solving ability of a decision support systcm.

In terms of physical implementation, two major functional areas were proposed by

Applegate et al. [1986]: model storage functions, and model manipulation functions.

Model storage functions include model representation, physical model storage and

logical model storage. Model manipulation functions include model instantiation,

model selection and model synthesis. These functional requirements have become

the foundation for proposing MMS frameworks.

Many of the MMS functions mentioned above can be supported by using

knowledge representation concepts and techniques developed in artificial intelligence

(AI). The logic-based approach, semantic networks and frame-based approach are

three techniques that have been adopted to support MMS prototypes. It has becn

suggested that a combination of a semantic inheritance network and frame

representation would provide the best knowledge representation for an MMS [Dolk

& Konsynski, 1984; Applegate et al., 1986].
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2.1.2 Model Management System Applications

Although research in MMS is relatively new, a growing number of MMS

prototypes have appeared in recent literature. Most of these prototypes were

developed to demonstrate a particular design and implementation framework and

basically are still at the research stage. A few well-developed and commercially

available systems such as IFPS (Interactive Financial Planning System) and SPSSX

(a statistical data analysis software package) were also classified by Dolk and

Konsynski [1984] as primitive MMSs because they are equipped with a few MMS

functions.

Management science models are the most commonly used analytical tools in

supporting complicated decisions. In this subsection, we will discuss MMS

examples chosen from the management science application area, with emphasis on

their ability to support model design.

The traditional approach of implementing management science models in a

decision support environment is to provide users with a set of available models.

However, formulation of the problem and selection of the model are given very

little support and are basically left to the users [Binbasioglu & larke, 1986; Parlar,

1989]. Current efforts by model management system researchers in this aspect are

directed towards supporting model design and model selection. The majority of the

prototypes have adopted techniques from artificial intelligence to build a knowledge

base concerning the problem domain and the model structure, by using FORTRAN,










































































































































































































































































































































































































