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ABSTRACT 

A significant problem facing information systems 

managers is the choice of a methodology for describing 

system requirements. There are certain limitations to 

methodologies in common use. The problem is compounded by 

the recent introduction of Computer Aided Software 

Engineering (CASE) Tools. Purchasing such a tool often 

requires an initial commitment to a methodology. 

Focusing on the diagraming phase of Requirements 

Definition, a comparison framework is rigorously developed 

Two diagraming techniques are selected and tested in an 

educational setting. Since the experiment was replicated 

during several semesters, it falls into the category of 

meta-analysis. 

Experimental outcomes are sufficiently significant to 

suggest possible causation. CASE tools provided more 

support for output quality and ease of learning for the 

technique that was more rule-oriented. 
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CHAPTER I 

INTRODUCTION 

This research focuses on the evaluation of diagraming 

techniques to support the Requirements Definition phase of 

systems development. Although some have compared the 

relative advantages of techniques [Colter 1984, Mingers 

1988, Shevlin 1983, Yadav et al. 1986], no one has arrived 

at a general framework to evaluate them. There also has 

been no research that has directly addressed the impact of 

CASE tools on the techniques. Since CASE tools are 

becoming increasingly common, they should be treated as a 

integral component of each tectmique. 

1.1 Purpose of this Research 

The purpose of this research is to develop a general 

framework for evaluating and comparing diagraming 

techniques to support Requirements Definition. Since it is 

not feasible to study and test all existing techniques, two 

representative ones are chosen. These two techniques are 

the main focus in both the development and testing of a 

framework. Hypotheses are formulated that compare these 

two tecliniques experimentally. A conceptual application of 

the framework attempts to predict hypothesis outcomes. 

Consistent and meaningful experimental results support the 

validity of the framework, and make it possible to apply it 



conceptually, although with less accuracy, to other tech 

niques in the same category. 



CHAPTER II 

LITERATURE REVIEW: RELATIVE IMPORTANCE 

OF CRITERIA 

There are three complete evaluation frameworks for 

evaluating Requirements Definition diagraming techniques. 

Colter's [1984] focuses on content without establishing 

whether it is important to the quality of the output. He 

states that certain qualities such as procedural detail and 

input detail are beneficial without solid supporting 

evidence. Colter's framework is shown in Figure 2.1. 

Wood-Harper's [1989] (Figure 2.2) focuses on qualities 

rather than components. Only one of the four dimensions is 

broken down into more detail. Although more detailed char

acteristics are shown for the dimension of formality, there 

are no specific measurement criteria that would enable the 

framework to test itself. There appears to be some overlap 

between divide and conquer and hierarchical ordering. Also 

he neglects the issues of appropriateness and correctness. 

Yadavs et al. [1988] framework (Figure 2.2) is more 

oriented to measurement than are the previous two. The 

first two dimensions are specific characteristics of the 

final output. There are specific criteria for these two 

dimensions, although measuring them requires a high degree 

of expertise. Such criteria essentially justify their own 

validity. That is, if they are found to measure 



1. structural Dimensions 
A. General Structure 
B. Data Flow 
C. Data Structure 
D. Control Structure 

2. Mechanism Clarification 
3. Function Analysis 
4. Procedure Detail 
5. Input Detail 
6. Output Detail 
7. Level of Analysis 

A. High Level 
B. Low Level 

8. Communicating Ability 
A. Communication to Users 
B. Communication to Technical People 

9. Analysis Perspective 
A. Problem Orientation 
B. Solution Orientation 

Figure 2.1. Structured Technique Evaluation Frameworks, 
Colter (1984) 



Wood-Harper (1989) Adapted From 
Martin and McClure (1985) 

1. Formality 
A. Consistent 
B. Compatible 
C. Clear 
D. Rigorous (Yadav 1983) 

2. Abstraction 
3. Divide and Conquer 
4. Hierarchical Ordering 

Yadav et al. (1988) 

1. Syntactic 
a. Consistent level of abstraction and detail 
b. Consistent viewpoint and purpose 
c. Complexity of the syntax 
d. Syntactical correctness of the model 
e. Syntactic completeness of the model 

2. Semantic 
a. Appropriate level of abstraction 
b. Proper viewpoint and purpose 
c. Type of decomposition 
d. Complexity / understandability 
e. Semantic correctness of the model 
f. Semantic completeness of the model 

3. communicating ability 
4. usability 

Figure 2.2. Structured Technique Evaluation Frameworks, 
Wood-Harper (1989) and Yadav et al. (1988) 



performance accurately with a given teclmique, it can be 

concluded that the framework has a certain degree of 

validity. The last two dimensions in the framework relate 

more to the quality of the process than to the tangible 

output. This may indirectly relate to output quality and 

thus serve to support the validity of the first two 

dimensions. 

The dimensions and sub-categories of formality from 

Wood-Harper's framework could be incorporated into the 

criteria for the first dimension of Yadav's, which is 

syntax. The dimensions and sub-categories of abstraction, 

divide and conquer, and hierarchical ordering from 

Wood-Harper's framework should be incorporated into the 

criteria for the second dimension of Yadav's, which is 

semantics. 

Although Colter makes certain assumptions about the 

optimal techniques, he brings up points that need to be 

addressed. Structural dimensions, mechanism clarification, 

procedural detail, input detail, and output are all aspects 

of the syntactic dimension. Function analysis, level of 

analysis, and analysis perspective should be covered by 

semantic. The two communication subcategories touch on the 

issues of both communicating ability and usability. 

Since most researchers have a certain area of speciali

zation, most frameworks are partial. Implied frameworks 

result from a failure to carry through results and relate 
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them to specific qualities (see Figures 2.3 and 2.4). 

Several researchers observed that various measures to 

increase structure in diagrams improve clarity, and thus 

communicating ability [Bravoco and Yadav 1985-2, Cutts 

1988, Godwin et al. 1989, Towner 1989]. Four researchers, 

from practical experience, noted the need for diagram 

flexibility without going into detail on related qualities 

[Dixon 1992, Jackson 1982, Marca 1988, Shevlin 1983]. 

Gane and Sarson [1980-1] found that more structure 

increases communicating ability and flexibility. Mingers 

[1988] theorized that greater abstraction increases 

flexibility. 

Another body of research deals with frameworks for 

comparing diagrams constructed with CASE tools to those 

constructed manually. This comparison is similar to the 

previous since a CASE tool simply modifies the technique. 

Lempp and Lauber's [1989] (Figure 2.5) measures the results 

of using CASE tools in a business setting. They 

administered a two-part survey, covering characteristics of 

the company and the impact of the CASE tool on different 

phases of their business. They do not directly tie in 

results to properties of the diagrams. 

For comparing CASE tools to manual, Yellen [1990] 

(Figure 2.5) has constructed the set of testable criteria. 

The criteria used in Yellen's case study were correctness, 

completeness and communicating ability. Yellen derived 
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"̂ Bravoco and Yadav (1985-2) 
Divide and conquer, hierarchical 
ordering results in lack of 
confusion with respect to 
placement 

Carey and McCLeod (1988) 
Survey found limited usage of 
structured techniques 

Cutts (1988) 
Clarity and quality 
with complexity 

can decrease 

Dixon (1992) 
High degree of variation 
business problem types m 

•^Gane and Sarson (1980-1) 
More s t r u c t u r e i n c r e a s e s 
communicabi l i ty and f l e x i b i l i t y 

••"Godwin e t 
Use of 
to 

al. (1989) 
chunks' more 

model complexity 
powerful 

communicability 
correctness* 
usability* 

usability' 

communicability 
correctness 

flexibility 

communicability 
flexibility 

communicability 
correctness* 

Jackson (1982) 
Limitations of certain techniques 
to narrow domains 

••"Mingers (1988) 
Greater abstraction, less 
confined by current physical 

flexibility* 

flexibility 

"•"Implies relationship 
between syntax and 
semantics 

Denotes implied 
dimension 

Figure 2.3. Structured Technique Evaluation Frameworks, 
Partial and Implied Part 1 
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"•"Marca (1988) 
Applicability of technique to 
fields other than business 

Shevlin (1983) 
Scope of technique application 
in relation to problem type and 
degree of complexity 

Towner (1989) 
Ability to place analyst and 
audience on same level 

Supplementary symbols and 
numbering schemes 

flexibility* 

flexibility* 
usability 

communicability 

completeness 
communicability 

••"Implies relationship 
between syntax and 
semantics 

"Denotes implied 
dimension 

Figure 2.4. Structured Technique Evaluation Frameworks, 
Partial and Implied Part 2 



Lempp and Lauber (1989) 

1. Economic Aspects 
A. Productivity 
B. Project Costs 
C. Software 

2. Human Aspects 

Yellen (1990) 

1. Correctness 

Weighted syntactical measurement criteria: 
correct symbol, balancing, proper labeling, 
legal connections, etc. 

2. Completeness 

Overall percentage evaluation of degree of 
model completed 

3. Communicability 

Figure 2.5. CASE Tool versus Manual Evaluation Frameworks 

10 



these from a consensus of several Systems Analysis 

textbooks. Yellen's criteria are not sufficiently detailed 

to be used in a more extensive study. On the research 

instrument [Yellen 1990, p. 501] completeness and communi

cating ability of the diagrams were each assigned one 

overall rating by experts. There were eight measures of 

diagram correctness that were assigned weights. These 

measures focused on syntactic correctness and, to a certain 

extent, syntactic completeness. Very little attention was 

given to semantics. Note that the first two dimensions 

also appear in Yadav's framework, but are classified by 

syntactic and semantic aspects. 

As with comparisons of manual techniques, most CASE 

tool versus manual frameworks are partial and untested 

(Figure 2.6). Possible flexibility advantages of CASE 

tools include more rapid adjustments to the prototype or 

model [Chantico 1989] or ability to use the tool to 

customize the methodology [Yourdon 1989]. A possible 

flexibility disadvantage is the lack of the ability to 

adapt the CASE tool to support the current methodology in 

use in the organization [Windsor 1986]. Chantico [1989] 

theorizes that increased communicating ability is associ

ated with increased flexibility. Necco et al. [1989] found 

that communicating ability was identified as a major factor 

leading to CASE tool productivity increase. Eclectic 

Solutions [1990-2] claims that, because mechanical details 
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Chantico (1989) 
Quick changes allow quick 
response to user requests 

••"Eclectic Solutions (1990-2) 
Divide and conquer, hierarchical 
to show complex systems 
Free creative energies 

"•"Necco et al. (1989) 
Average 24 percent productivity 
increase attributed to better 
communication and documentation 

communicability* 
flexibility 

completeness 

correctness* 

completeness 
communicability 
correctness 

Windsor (1986) 
PossilDle need to change 
standards to accommodate 
CASE tool 

the 
flexibility 

Yourdon (1989) 
The possibility that CASE 
can be customizable with 
respect to symbols and 
constructs 

tool usability* 
flexibility' 

"•"Implies relationship 
between syntax and 
semantics 

*Denotes implied 
dimension 

Figure 2.6. CASE Tool versus Manual Evaluation Frameworks 
Partial and Implied 
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are automated, analysts have additional time to increase 

completeness and correctness of diagrams. Better 

documentation is the second factor to which Necco 

attributed a productivity increase. Completeness and 

correctness are the most essential elements of good 

documentation [Eclectic Solutions 1990-2]. 
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CHAPTER III 

THE PROBLEM: DOES ONE AUTOMATED TECHNIQUE 

HAVE AN ADVANTAGE OVER THE OTHER? 

The research issues discussed in the previous chapter 

are extremely important for industry and secondarily 

important for educational institutions. For a business to 

purchase a CASE tool or even to adopt a methodology 

requires the commitment of large sums of money. Educa

tional institutions must base their choices on the trends 

in business, so that their graduates have state of the art 

skills. 

As shown in the literature, very little solid research 

has addressed these issues. For the manual technique 

comparison issues, it is very rare that a situation will 

occur in which two groups of analysts are working on 

similar projects, each using a different parallel tech

nique . Only under such circumstances can the outputs from 

the two methodologies be compared directly. The same 

limitation applies to CASE tools versus manual, with the 

additional complication that CASE tools are relatively new, 

diverse and have added expense. 

To test these issues experimentally, there must be a 

comprehensive and rigorously defined framework. To 

establish its own validity, a framework must be testable. 

The next section evaluates Yadav's experimental framework, 
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criteria, and measurements and arrives at an updated 

version of these. A formal assessment technique is then 

applied to the new criteria. Note that technique can be 

either be a manual teclinique or a combination of a manual 

technique and a CASE tool. 

3.1 Establishment of a Basic Framework 
for Technique Comparison 

Yadavs et al. [1988] framework is the most 

comprehensive and rigorously derived to date for comparison 

of Requirements Definition modeling techniques. Yadav's 

criteria may not encompass all the research issues that 

were identified. It is, therefore, necessary to examine 

YadaV s derivation process and final criteria to determine 

if modifications are necessary. 

Yadav et al. [1988] begin with the context of process 

diagrams. They are an integral part of Requirements 

Definition. Anyone who is responsible for Requirements 

Definition must know which requirements are needed, the 

form in which requirements are stated, and the process by 

which requirements are derived. All questions relate to 

one of these three categories. These questions are 

formally stated as: 

1. What are the best possible diagram contents? 

2. What is the best possible method for showing these 

diagram contents? 
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3. Which methodology enables the analyst to derive 

requirements most effectively? 

From this point each question should be decomposed. 

For the first question, the features that are most 

important to diagram contents must be determined. 

According to Yeh et al. [1979], the requirements must 

clearly define the problem to be solved and distinctly 

separate the internal problem space from the external. 

Ross and Schoman [1977] identify the three most important 

parts of requirements analysis to be context analysis, 

functional specification, and design constraints. 

All these issues except design constraints apply 

directly to the contents of a process diagram. YadaVs 

decomposition encompasses all those who interact with the 

system, including the user, designer, implementer and 

tester: 

1. Functional specification: what function a system 

must perform; 

2. System context, constraints, and assumptions. This 

establishes a boundary for the system; 

3. Perfortnance specification about the dynamic 

properties of the system; and 

4. Measurement and test conditions--an organized 

testing process to verify that the system is behaving 

properly. 

16 



The third and fourth points relate to design and 

implementation, respectively. They are not specifically 

described in a process diagram. It is important that the 

information necessary to design and test a system be 

obtainable from the diagram. Constraints and assumptions 

are not specifically described. These also must be 

embedded in the diagram. It is true that the context 

diagram in IDEFO's contains a purpose and viewpoint that 

describes the constraints and assumptions. Since the same 

information can be included in the text of a DFD data 

dictionary description, the feature is not part of the 

comparison. 

Based upon the previous analysis, the major diagram 

elements are: 

1. Representation of system functions; 

2. Delineation of system boundaries, showing 

interaction with external entities and the division 

between the internal and external; 

3. Constraints and assumptions must be implied from the 

diagram; and 

4. Design and test specifications must be embedded 

within the diagram. 

The above points relate to the elements of the diagram. 

The second set of factors, relating to the second question, 

will determine the best representation of these components. 

Yadav classifies these representations as activities, 
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inputs and output, data definition, and processing require

ments. From these, Yadav derives the following means for 

description: 

1. Functional model of the object system; 

2. Data dictionary defining the various components of 

the functional model; and 

3. A set of performance and test specifications for the 

system. 

If the representations are confined to the process 

diagram, it is better to use a modified version of the 

elements described by Young and Kent [1958] for PSL/PSA: 

input, process, output and entity. inasmuch as this 

combination indicates linear processing, the components 

change to the following: 

1. Functions or processes; 

2. Relationships between the functions or process; and 

3. Rules applying to the construction of diagrams. 

Yadav identified these elements as functions, inputs, and 

outputs. The above classification is more universal and 

complete than Yadav's for the following reasons: 

1. Inputs and outputs are only one type of relationship 

between functions; and 

2. Each technique has underlying rules through which 

information is conveyed that is independent of input, 

output, and function. 
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since functions and the relationships are tied 

together, an alternate more general form of requirements 

expressed in process diagrams is as follows: 

1. Functions and the relationships between them; and 

2. Rules applying to the construction of diagrams. 

There is a certain degree of overlap between these two 

classifications. For example, there are certain rules that 

apply to the formation of function names. There is enough 

information communicated by rules alone that justifies the 

second classification. In IDEFO's, for example, the 

placement of a box and the diagram's arrow structure 

provides certain information about the function. Without 

even reading the function name the reader knows that it is 

the dominant box in the diagram. 

The third question is: how should requirements be 

derived? This involves learning, constructing, using, and 

communicating through the diagrams. To measure these 

processes objectively is too complex for this research 

stage. Instead the simplifying assumption must be made 

that output reflects the process, as suggested by Yadav 

[1983]. The derivation of process diagrams is, therefore, 

stated in terms of the modified diagram components: 

1. To develop functions and the relationships between 

them; and 

2. To apply rules to the construction of diagrams. 

The only feasible measures of the derivation process are 
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the analyst's own opinions. These are of secondary impor

tance to the actual diagrams because they are subjective. 

Rewording the three basic questions in terms of more 

tangible results forces them to be answered deductively 

instead of inductively. For testing purposes these become: 

1. What is the best possible final outcome? 

2. What is the best possible modeling process? 

As in the alternate form, the original questions 1 and 2 

are combined into the new cpiestion 1, because it is too 

difficult to distinguish between them. It can only be 

assijmed that "functions and the relationships between them" 

are both factors that contribute to the quality of the 

outcome. The original question 3 is stated more succinctly 

by the new question 2. 

YadaVs basic framework, discussed in the previous 

chapter, is shown here again. A complete set of dimensions 

must fully answer the two previous questions: 

1. syntactic; 

2. semantic; and 

3. communicating ability. 

The first three dimensions are self-explanatory. 

Usability as Yadav et al. [1988] define it is an aggregate 

of three minor dimensions: ease of learning, ease of 

understanding, and ease of application. The syntactic and 

semantic dimensions directly answer the first question. 

The dimensions of communicating ability, usability, and the 
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added dimension of flexibility directly answer the second 

question. 

The two basic questions are not restricted to a par

ticular problem scenario. A technique must satisfy them in 

the widest possible variety of settings. The one dimension 

that Yadav overlooked was, therefore, flexibility. 

Business problems can be highly variable [Dixon 1992, 

p.273] . If either the final outcome or modeling process is 

weaker in certain situations, then a technique may not be 

worth the investment in training and support. Flexibility, 

therefore, provides a partial answer to both questions l 

and 2. Each dimension of the framework is now examined in 

detail. 

Syntax is obviously iirportant to judge the quality of 

the final model. The consistency and complexity of the 

syntax determine the quality of the modeling process. If 

the model is consistent, this shows that the analysts were 

clear about the syntactical aspects of the technique. If 

it is not complex, this shows that they were clear about 

the application of syntactical rules. 

Semantics is also an important aspect of the quality of 

the final model. Semantics refers to the degree to which 

the model reflects reality. Various aspects of semantics 

can indicate the amount of difficulty that the analyst had 

with the modeling process. 
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The syntactic and semantic dimensions are convenient 

for measurement purpose, but not the most natural classi

fication of the research issues. Most researchers think in 

terms of correctness and completeness. Correctness and 

completeness are the most important criteria for both the 

syntactic and semantic dimensions. This framework, there

fore, incorporates the most important aspects of correct

ness and completeness. 

Usability incorporates all the qualities that are 

necessary to make optimal use of the technique. The 

analyst must first learn the technique. He or she must be 

able to apply it efficiently, and must understand the 

relationship between various diagram constructs and the 

real world. Communicating ability requires that diagrams 

produced through the tectmique be easily interpreted by 

other analysts and by users. It also entails the ability 

to describe diagrams. 

Flexibility is an essential part of the framework. 

Flexibility is defined as the ability to be effective in a 

variety of situations. It is not enough for one technique 

to be powerful; it must be powerful in a relatively wide 

domain of problem situations. As discussed with respect to 

IDEFO's and DFD's (see Appendix A for an introduction to 

IDEFO and DFD techniques), there are two factors that may 

contribute to flexibility: the lack of rigidity of the 
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technique, and the degree of variety of representation 

methods in the technique. 

The new framework contains five dimensions. These 

dimensions are the major issues from the literature 

review: 

Final Outcome--

1. Correctness, 

2. Completeness; 

Modeling Process--

3. Communicating Ability, 

4. Usability, 

5. Flexibility. 

3.2 Derivation of Experimental Criteria 
Within the Framework 

In this section a set of directly testable criteria 

within this framework is derived. It is possible to 

indirectly measure the final outcome process and also the 

reverse situation. The following two criteria are, there

fore added: 

2a. Indirect Final Outcome Measures of the Modeling 

Process; 

6. Process Measures of Final Outcome Quality. 

The first framework modification is show in Figure 3.1 

Correctness and completeness have both syntactic and 

semantic aspects. A diagram must be correct and complete 
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Final Outcome 
1. Correctness 
2. Completeness 
2a. Indirect Measures of the Modeling Process 

Modeling Process 
3. Communicating Ability 
4. Usability 
5. Flexibility 
6. Process Measures of Final Outcome Quality 

Figure 3.1. Modified Framework I 
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not only from the standpoint of rules and standards but 

also with respect to meaning. 

Reclassifying the final outcome section with syntax and 

semantics as major dimensions, and correctness as 

sub-dimensions has several experimental advantages. Evalu-

ators have a tendency to place too much emphasis on syntax; 

this classification forces equal treatment of syntax and 

semantics [Yellen 1990]. Several of the partial frameworks 

have suggested causality between syntax and semantics 

[Chantico 1989, Eclectic Solutions 1990-2, Gane and Sarson 

1980-1] . Having these two dimensions separated may help 

evaluators to isolate the issues pertaining to each of 

them. 

The final outcome indirect measures of the modeling 

process are separated as follows: 

l.A Syntactic Indirect Measures of Usability and 

Communicating Ability; 

2.A Semantic Indirect Measures of Usability and 

Communicating Ability; 

2.D Semantic Indirect Measures of Flexibility. 

Flexibility is treated separately. Because it requires 

comparison of different models and components of models it 

is not directly related to usability and communicating 

ability. It is also primarily a semantic issue. The main 

concern is whether a technique can produce a meaningful 

model in a variety of situations. 
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The dimensions of communicating ability and usability 

are divided into testable criteria as follows: 

3. Communicating Ability--

A. Ease of Understanding Teammate's Diagrams, 

B. Utility to Enhance Communication; 

4. Usability--

A. Ease of Learning Syntax, 

B. Ease of Drawing, 

C. Overall Utility of Technique, 

D. Preference for Same Tool in Future Project. 

"Ease of understanding teammate's diagrams" measures 

the ability to communicate through the diagrams themselves. 

"Utility to enhance communication" measures the analyst's 

ability to describe the diagrams to others. Criteria 4a, 

4b, and 4c are, respectively, measures of the three 

elements of usability mentioned previously. "Preference 

for same tool in future project" is a secondary measure of 

the reliability of the first three criteria. 

The second version of the framework is shown in Figure 

3.2. Final outcome measures of the modeling process are 

important because they come from a more unbiased source 

rather than analyst opinions. For testing purpose specific 

issues must be identified under criteria la and 2a. These 

process issues become formal hypotheses in the final 

chapter. 
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Final Outcome 
1. Syntactic 

A. Syntactic Indirect Measures of Usability and 
Communicating Ability 

B. Syntactical Correctness 
C. Syntactic Completeness 

2. Semantic 
A. Semantic Indirect Measures of Usability and 

Communicating Ability 
B. Semantic Correctness 
C. Semantic Completeness 
D. Semantic indirect Measures of Flexibility 

Modeling Process 
3. Communicating Ability 

A. Ease of Understanding Teammate's Diagrams 
B. Utility to Enhance Communication 

4. Usability 
A. Ease of Learning Syntax 
B. Ease of Drawing 
C. Overall Utility of Teclmiopie 
D. Preference for Same Tool m Future Project 

5. Flexibility 
6. Process Measures of Final Outcome Quality 

A. Syntactic Correctness and Completeness 
B. Semantic Correctness and Completeness 

Figure 3.2. Modified Framework II 
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The third framework modification appears in Figure 3.3. 

"Consistent level of abstraction and detail" relates to 

ease of learning and application as well as ability of the 

technique to handle complexity. "Consistent viewpoint and 

purpose" relates to ease of learning and application and 

accuracy of communication. Both of these issues relate to 

the smootliness of the modeling process. "Complexity of the 

syntax" could alternately be stated as "degree of confu

sion experienced when reading a diagram." 

Under the semantic classification, "appropriate level 

of abstraction" and "proper viewpoint and purpose" relate 

to ease of learning and application. "Type of decompo

sition" relates to ease of learning and understanding and 

ability to handle complexity. All three of these are 

measuring the degree of analyst involvement in the modeling 

process. 

The criterion of "complexity/understandabi1ity..." is 

related to the ability to handle complexity and the ability 

to communicate through the diagrams. Because understand

ability of diagrams is another subjective measure, Yadav et 

al. [1988] use diagram complexity as a pseudo-measure of 

this quality. 

As with information on the modeling process, flexibil

ity is hard to measure. The best method for measuring 

flexibility is to compare the quality of output from 

totally different types of cases. 
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Final Outcome 
1. Syntactic 

A. Syntactic Consistency and Appropriateness of the 
Modeling Process 
1. Consistent Level of Abstraction and Detail 
2. Consistent Viewpoint and Purpose 
3. Complexity of the Syntax 

B. Syntactic Correctness and Completeness 
2. Semantic 

A. Semantic Consistency and Appropriateness of 
Abstraction, Viewpoint, and Decomposition in the 
Modeling Process 
1. Appropriate Level of Abstraction 
2. Proper Viewpoint and Purpose 
3. Type of Decomposition 
4. Complexity / Understandability of the Problem 

B- Semantic Correctness and Completeness 
C. Internal Variation in Semantic Correctness and 

Completeness in the Modeling Process 
Modeling Process 

3. Communicating Ability 
A. Ease of Understanding Teammate's Diagrams 
B. Utility to Enhance Communication 

4. Usability 
A. Ease of Learning Syntax 
B. Ease of Drawing 
C. Overall Utility of Technigue 
D. Preference for Same Tool m Future Project 

5. Process Measures of Final Outcome Quality 
A. Syntactic Correctness and Completeness 
B. Semantic Correctness and Completeness 

Figure 3.3. Modified Framework III 
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There are several reasons that only a single case can 

be used for an initial experiment. Adequate time is not 

available to acquire and test cases of equal difficulty and 

duration to the original one. Additional cases would be 

possible sources of inconsistent results. Although the 

models constructed may be of equal difficulty, it is 

possible that a particular group of students may have a 

greater familiarity with the subject matter of one case 

than with the other. For the present stage of this 

research, additional cases introduce too much complexity. 

Since this is not feasible in this research an approximate 

measure must be used. Output within a single model can 

provide clues to the degree of flexibility. 

There is a criterion within a single model that is 

useful to determine flexibility. This is the degree of 

variation in semantic correctness within individual dia

grams in the model. In a comprehensive CASE, each lower 

level diagram is a slightly different scenario. In some 

lower level diagrams, certain features of a teclinique may 

be more useful than others. For example, if a DFD model 

suffers in certain settings because it does not have 

controls and mechanisms, then DFD's will have more internal 

variation. "Internal Variation in Semantic Correctness and 

Completeness" is, therefore, an approximate measure of the 

technique's ability to handle a variety of situations, 

given the experiment must be limited to one case. In 
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Modified Framework III this becomes criterion 2c, the final 

outcome measure of flexibility. 

Considering flexibility as a modeling process issue 

would require that an appropriate question be addressed to 

the analysts. Having experience with only one case, the 

analysts would have difficulty evaluating flexibility. The 

current Analyst Response Questionnaire (see Appendix C) 

does not include flexibility. The introduction of such a 

question would also make it necessary to re-validate the 

questionnaire. Given the time frame available it is not 

experimentally feasible to complete both the re-validation 

and the testing of the framework. In Modified Framework 

III, flexibility is, therefore, eliminated as a modeling 

process criterion. 

The sub-criteria for complexity include the clarity of 

the model's purpose and the amount of agreement between the 

meaning and the syntactic representation. There are three 

measures for these sub-criteria: 

1. Ease of finding the main path; 

2. Number of activations/boxes; and 

3. Ease and success of refining the layout. 

These measures are thorough but subjective. The proper 

evaluation of these requires that each diagram evaluator 

have a working knowledge of each model. Since this is not 

experimentally feasible, "complexity/understandability of 

the problem" is indirectly measured from the opinions of 
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analysts on the Analyst Response Questionnaire (see Appen

dix C). It is incorporated in "ease of understanding 

teammate's diagrams" and "overall utility of technique." 

Criterion 1A.3, complexity of the syntax, has similar 

limitations as a final outcome variable. Those who have 

the most experience in reading the models are the analysts 

themselves. Analyst opinions are the easiest way to obtain 

this information. Complexity of the syntax is incorporated 

into "ease of learning syntax" and "ease of understanding 

teammate's diagrams." 

Both complexity issues are, therefore, omitted as final 

outcome criteria on the new framework, which appears in 

Figure 3-4. Future research will develop norms for these 

measures to reduce bias and expedite the evaluation 

process. 

Figure 3.5 contains the original criteria developed by 

Yadav et al. [1988]. The new criteria have a less 

theoretical and more testable format. Besides eliminating 

the complexity issues, the new criteria include specific 

measures for each dimension. 

Table 3.1 is a classification, similar to Yadav's, of 

the final outcome evaluated dimensions of the new framework 

according to modeling process and final outcome. Note that 

these modeling process measures are indirect and derived 

from the final outcome. 
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Table 3.1: Original Final Outcome Evaluated Dimensions 

Syntactic 

Semantic 

Modeling Process 

1. Consistent level of 
abstraction and detail. 
2. Consistent viewpoint 
and purpose. 
3. Complexity of the 
syntax. 

1. Appropriate level of 
abstraction. 
2. Proper viewpoint and 
purpose. 
3. Type of decomposition. 
4. Complexity / 
understandability of the 
problem. 

Final Outcome 

1. Correctness and 
completeness of the 
model. 
a. Inputs 
b. Outputs 
c. Functions 

1. Correctness and 
completeness of the 
model in terms of 
input s, output s, 
and functions 
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Final Outcome 
1. Syntactic 

A. Syntactic Consistency and Appropriateness of the 
Modeling Process 
1. Consistent Level of Abstraction and Detail 
2. Consistent Viewpoint and Purpose 

B. Syntactic Correctness and Completeness 
2. Semantic 

A. Semantic Consistency and Appropriateness of 
Abstraction, Viewpoint, and Decomposition in the 
Modeling Process 
1. Appropriate Level of Abstraction 
2. Proper Viewpoint and Purpose 
3. Type of Decomposition 

B. Semantic Correctness and Completeness 
C. Internal Variation in Semantic Correctness and 

Completeness in the Modeling Process 
Modeling Process 

3. Communicating Ability 
A. Ease of Understanding Teammate's Diagrams 
B. Utility to Enhance Communication 

4. Usability 
A. Ease of Learning Syntax 
B. Ease of Drawing 
C. Overall Utility of Technique 
D. Preference for Same Tool in Future Project 

5. Process Measures of Final Outcome Quality 
A. Syntactic Correctness and Completeness 
B. Semantic Correctness and Completeness 

Figure 3.4. New Framework 
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1. Syntactic 
a. Consistent level of abstraction and detail 
b- Consistent viewpoint and purpose 
c. Complexity of the syntax 
d. Syntactical correctness of the model 
e. Syntactic completeness of the model 

2. Semantic 
a. Appropriate level of abstraction 
b. Proper viewpoint and purpose 
c. Type of decomposition 
d. Complexity / understandability 
e. Semantic correctness of the model 
f. Semantic completeness of the model 

3. communicating ability 
4. usability 

Figure 3 . 5 . Or ig ina l C r i t e r i a [Yadav e t a l . 1988] 
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Table 3.2 is a revised classification incorporating the 

suggested improvements to Yadavs framework and evaluation 

standards. The diagram representations under final outcome 

are changed from "input, outputs, and functions" to 

"functions, relationships between functions, and applica

tion of rules" in order to be more generic. 

The issue of whether these criteria can be applied to 

CASE tool versus manual comparisons should be addressed. 

All the criteria implications, including ease of learning, 

use, application, communication, and flexibility, should 

apply equally to both types of comparisons. The findings 

for these characteristics have different interpretations. 

For example, greater ease of learning can be explained by 

the CASE tool's de-emphasizing of the rules of the tech

nique. Less flexibility can be explained by the CASE 

tool's imposition of more rigid development standards upon 

the analyst. These explanations are covered in the experi

mental design section. 

3.3 Summary of the Experimental Criteria 
and their Derivation 

Yadav's criteria for comparison of techniques are by 

far the most elaborate that have been developed. In light 

of a thorough literature review, each stage in the deri

vation of YadaVs criteria was critically examined. The 

issues that Yadav identified with respect to problem 
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Table 

Syntactic 

Semantic 

3.2: New Final Outcome Evaluated Dimensions 

Modeling Process 

1. Consistent level of 
abstraction and detail. 
2. Consistent viewpoint 
and purpose. 

1. Appropriate level of 
abstraction. 
2. Proper viewpoint and 
purpose. 
3. Type of decomposition. 
4. Internal variation in 
semantic correctness and 
1 completeness. 

Final Outcome 

1. Correctness and 
completeness of the 
model. 
a. Functions 
b. Relationships 
between functions 
c. Application of 
rules 

1. Correctness and 
completeness of the 
model in terms of 
functions, relation
ships between func
tions and applica
tion of rules. 
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definition were correct and complete. The factors con

tributing to these issues were found correct but 

incomplete. The additional factor is flexibility. 

The aspects of the diagram to be evaluated were too 

specific to a process-oriented technique. "Inputs" and 

"outputs" were changed to the more generic term, 

"relationships between functions." "Application of rules" 

should be considered separately in the sense that it 

relates to basic principles followed in diagram 

construction. 

These modified criteria are the basis for the redesign 

of YadaV s original experiment to measure the relative 

merits of requirement definition diagraming techniques and 

CASE tool impacts. 

3.4 Evaluation of the Experimental Criteria 

Godwin et al. [1989] describes the development of DMATl 

(Description Method Assessment Teclinique l) . Godwin's 

criteria for a good assessment technique are the following: 

1. A well-defined range of targets and meaning of 

targets; 

2. A well-understood range of objects; 

3. A well-understood range of possible results; 

4. Having a standard framework for comparing results. 

a. Sufficiently discriminatory. 
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Godwin's technique is directly applied to the criteria 

for the IDEFO versus DFD experiment: 

1. A well-defined range of targets and meaning of 

targets. 

The first two categories specifically measure the 

quality of output from requirement definition projects 

prepared either manually or through CASE tools. The last 

two are a classification of direct questions from an 

analyst response questionnaire. 

2. A well-understood range of objects. 

The evaluators had sufficient expertise to judge the 

relative merits of each model's view of the solution. 

3. A well-understood range of possible results. 

For each criterion, if one technique is superior, or if 

they are equal, an explanation can be provided. The same 

is true for manual versus automated. 

4. Having a standard framework for comparing results. 

Although a classification framework was introduced, a 

standard framework for comparing results has not yet been 

discussed. It is necessary to develop a set of hypotheses 

and to test these through a criterion weighting system. 

These hypotheses follow directly from the criteria. A 

weighting system is derived for assessing criteria that 

have several elements, and for overall evaluation of the 

merits of a particular technique. 
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Even with the weighting system, assessing the criteria 

themselves is a subjective process, with the almost infi

nite number of possible interpretations, it would not be 

possible to develop a set of objective measures that would 

replace an expert review. 

4.a. Sufficiently discriminatory. 

The range in scores in Yadavs et al. [1988] experiment 

(See Chapter V), in which the original criteria were used, 

gives a general indication of the amount of discrimination. 

When placed on a standard grading scale, the scores ranged 

from 65 to 93. The mean was 78.6 and the standard 

deviation was 9.536. These figures are typical for class 

projects. Scores for the individual criteria, except for 

viewpoint and purpose, had a similar degree of dispersion. 

"Consistent viewpoint and purpose" in the syntactic 

category and "proper viewpoint and purpose" in the semantic 

category were each assigned l point out of possible 15. 

For both criteria, 9 groups scored l and only one group 

scored 0. The need for more differentiation suggests that 

a change in the weighting scheme is required. If all 

criteria have the same relative importance, then the 

weights for each criterion should be increased by the same 

factor. The weighting scheme is thoroughly examined in the 

experimental design section. 
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CHAPTER IV 

SELECTION AND PRELIMINARY EVALUATION OF 

DIAGRAMING TECHNIQUES 

This chapter selects two techniques and two CASE tools 

to be used in an experiment. The techniques are chosen 

based upon their characteristics and the availability of 

previous research. Specific CASE tools are discussed that 

support the two techniques and are in common usage. 

Section 4.l introduces the leading requirement 

definition diagraming techniques and selects two for 

in-depth study. Sections 4.2 through 4.5 deal with the net 

effects of representational differences on systems develop

ment . Previous research is identified that is useful in 

constructing criteria to measure these effects, or that may 

point to actual results of such measurements. Sections 4.6 

through 4.8 introduce the CASE tool factor. These sections 

discuss changes in criteria and expected outcomes as a 

result of the combination of the CASE tool with the 

techniques. 

4.1 An Overview of Well Established 
Diagraming Techniques 

Data flow diagrams (DFD's) and Integrated Computer 

Aided Manufacturing Definition (IDEFO) diagrams are the 

most common Requirements Definition diagraming techniques. 

See Appendix A for a tutorial on these techniques. A data 
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flow diagram is a structured graphical analysis tool that 

is designed to bridge the communication gap between the 

systems professional and the user. They came into being in 

the early 1970's in response to the increasing need for 

user involvement. Edward Yourdon is credited with being 

their originator [Bowles 1990] although others, such as 

DeMarco, Gane, and Sarson, have been instrumental in their 

development. 

DFD's are natural in the sense that their three basic 

symbols represent communication, storage and transformation 

of data. Although there are some more recent enhancements, 

these three symbols are the basic building blocks. To 

increase their scope of application and understandability 

the number of rules and conventions for DFD's is kept to a 

minimum. DFD's have been very successful and are con

sidered a standard part of systems development. They are 

highly integrated with other elements such as the data 

dictionary and structure charts. 

IDEFO is a subset of the Structured Analysis and Design 

Technique (SADT) which was introduced by Douglas Ross in 

the early 1970's. IDEFO was a product of the Integrated 

Computer-Aided Manufacturing (ICAM) Program of the Depart

ment of Defense. IDEF is an abbreviation for ICAM 

DEFinition. The Department of Defense standardized the 

original SADT and focused on the modeling of activities. 

IDEFO can refer to either to a specific approach to process 
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modeling or to the IDEFO diagrams themselves. The former 

reference will be in singular form; the latter will be 

plural. 

IDEFO is an alternative to Data Flow Diagrams for the 

analysis phase of systems development. IDEFO conveys more 

descriptive information through rules than DFD's. For 

example, the side from which an arrow enters a box reveals 

whether it is an input, output, control, or mechanism. 

No data stores are shown in IDEFO's. To indicate data 

aggregation the technique permits joining and splitting of 

arrows. Functions do not need to transform data. They can 

perform logical operations that result in constraints on 

other functions. For this reason IDEFO's can also substi

tute for conceptual models. Conceptual models are most 

common in problem identification and early stages of 

analysis. Every IDEFO model must have a purpose and a 

viewpoint. As development proceeds the purpose becomes 

more specific and the viewpoint is more appropriately 

defined. 

According to Marca [1988, p. xv], diagraming techniques 

in the early phases of M. Jackson's Systems Development and 

Warnier and Orr's Structured Systems Development can be 

considered comparable to IDEFO's and DFD's. Although data 

structure oriented and most commonly applied to the design 

phase, both Jackson diagrams and Warnier-Orr diagrams 

support Requirements Definition. 
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The first step of the Structured Systems Development 

(SSD) Methodology [Teague and Pidgeon 1985, Orr 1981] is to 

show the complete problem using a Warnier-Orr diagram. 

This type of Wamier-Orr diagram begins with a left to 

right breakdown of functions. When the lowest level of 

functional explosion is reached, the next column shows the 

data flows appropriate to each function, grouped by inputs 

and outputs. The last three columns indicate data stores, 

net system inputs, and net system outputs. Arrows show 

directions of data flows. Warnier-Orr diagrams place more 

emphasis on the order of decomposition of functions and 

data than on the ability to visualize the working system. 

The first three steps of Jackson Structured Development 

[Jackson 1983] are the entity action step, the entity 

structure step, and the initial model step. The first step 

is to determine the entities and the actions that affect 

them. The second step is to develop a structured diagram 

for each entity. These diagrams illustrate each entity's 

related actions in a hierarchical fashion. Iterative and 

conditional actions are shown. 

The initial model step defines the relationship between 

entities. The system specification diagram uses notation 

to represent the type of interaction between entities. A 

circle designates a buffer which is similar to a data 

stores. A data stream connection is a direct data flow; a 

state vector connection occurs if the state of one process 
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affects another. Since connection labels are symbols, 

structured text fills in the details of the interactions 

that take place. 

The first step is roughly equivalent to the problem 

definition phase; it basically defines the entities. The 

second and third steps are roughly equivalent to Recjuire-

ment Definition. The system specification diagram in 

combination with the structured text conveys approximately 

the same degree of information as the DFD or IDEFO diagram 

and could be considered a parallel technique. The second 

step is necessary to develop the structured diagrams which 

are translated into structured text in the third phase. 

Checkland's Soft Systems Methodology (SSM) [Mingers 

1988, Checkland 1979] is an extension of conceptual models. 

The activities, represented as circles, comprise the root 

definitions. To guarantee completeness there is a standard 

set of questions that each root definition must answer. 

Activity names use a verb-noun format. The noun designates 

the data which is being processed. Because these diagrams 

are multi-level and are designed to present a complete view 

of the system they also parallel DFD's and IDEFO's. 

There is some similarity between SSM and the object 

oriented approach. Object oriented, however, is not 

considered in this dissertation. 

Although the framework to be developed applies to all 

of the above techniques, DFD's and IDEFO's are selected for 
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in-depth analysis and experimental testing. DFD's and 

IDEFO's are more common than the other three; specific 

results for to these will have wider iirplications. Carey 

and McCleod [1988] found that DFD's were used in 79 percent 

of organizations that perform structured development. IDEF 

is commonly used in government applications [Marca 1988] ; 

it is the standard for manufacturing and for the Department 

of Defense. DFD's and IDEFO's are advantageous from the 

standpoint of experimental feasibility. It is easier to 

find subjects who are using them and CASE tools that 

support them. It is also easier to find a parallel domain 

in which neither teclinique has a disadvantage. 

One of the experimental criteria is flexibility. 

Flexibility is a measure of the range of applications for 

which a technique is appropriate. The Jackson and 

Wamier-Orr methods require highly structured [Jackson 

1982] situations. The conceptual models in SSM require 

situations where the data does not have a high degree of 

complexity. Because of lack of flexibility, comparing any 

of these to DFD's would be less meaningful than comparing 

IDEFO'S to DFD's. 

Although Jackson, Warnier-Orr, and SSM conceptual 

models are less flexible they may have features that make 

them very powerful in their domains. It is advantageous to 

incorporate some of these features, in altered form, into 

more generic methodologies. In future research these 
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techniques will be evaluated based upon a general set of 

criteria. The validity of such criteria is first estab

lished by an experiment that compares IDEFO's to DFD's in 

automated form. 

Any conclusions with respect to the strengths and 

weaJcnesses of Jackson, Warnier-Orr, SSM conceptual models 

will be tentative, since all of these have a different 

method of decomposition than IDEFO's and DFD's. Further 

research with these specific methods is necessary to 

support such conclusions. 

4.2 Representational Limitations of DFD 
versus IDEFO 

Some may argue that since DFD's are in more common 

usage the comparison with IDEFO's is not useful. They may 

consider IDEFO's as primarily an analyst tool because the 

diagrams appear to be more difficult to learn and use. 

They may associate IDEFO's with only the problem definition 

phase or with the domain of industrial engineering 

[Bravoco and Yadav 1985-1,2]. Comparative advantages and 

disadvantages of the representation methods of IDEFO's and 

DFD's, when applied to the same domain, are discussed in 

this section. Since most readers are familiar with the 

strengths of DFD representation methods [Colter 1984, 

Demarco 1979, Gane and Sarson 1980-2, Shevlin 1983, Yourdon 

1989], emphasis is placed on possible improvements of 

IDEFO's over DFD's. 
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The major strength of DFD's is in user understanding. 

Towner summarizes the reasons that DFD's have met with such 

widespread acceptance [Towner 1989, p.33]: "The DFD has 

been touted as the best communications tool devised to put 

the analyst and the customer on the same wavelength during 

the analysis and definition phase of a software project." 

There are some features of DFD's that can lead to 

vagueness and inaccuracy. These problems are especially 

prevalent when modeling more complex systems. According to 

Cutts [1988, p. 366]: 

The representations of exceptions and error on data 
flow diagrams makes them over complicated, losing 
the advantage of clarity, in addition, data flow 
diagrams can become very complex with many levels 
being required to express very detailed processes. 
This complexity can lead to omission and errors on 
the diagrams. 

The following is a listing of specific shortcomings in 

the representation method of DFD's [Colter 1984, Cutts 

1988, Mingers 1988]: 

1. There are no exact limits for the number of 

processes on a page [Cutts 1988]. (Criteria 2.A.1, 3.B, 

4.A, 4.D). 

2. Controls, although they can be shown are not a 

standard part of the methodology, and they can add 

confusion to the diagram [Colter 1984]. (Criteria 2.B, 3.B, 

4.C) 

3. There are no absolute requirements with regard to 
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the flow of control [Towner 1989]. (Criteria l.B, 4.B, 

5.B) 

4. There are various conventions with regard to 

external entities on lower level diagrams. Leaving them 

out can lead to confusion [Colter 1984]. (Criteria 2.A.3, 

4.D) 

5. When a centralized database is part of the model, 

data stores must be decomposed. The database is shown on 

the level 0 diagram as the main data store. On lower 

levels, the normalized files are the data stores. Internal 

data flows should be either these normalized files or 

subsets of these files. 

It is difficult to trace the path of data store 

decomposition by analyzing the diagrams alone. When there 

are several databases within a system, levels of decom

position can be confusing. Unless the label terminology is 

clear, it is difficult to tell which file belongs to which 

database. When the important processing occurs within a 

database, inexperienced analysts have difficulty showing 

the processing that occurs within and through accessing the 

data base. They tend either to show the database as a 

black box or to leave it in a physical form [Mingers 1988]. 

(Criteria l.A.l, 2.A.1, 3.B) 

6. Shared data stores also become a problem especially 

when using databases. Although they can be shown as 
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external to some and internal to others, it is difficult to 

determine where the data flows lead on other diagrams. 

In a DFD, a data store should be totally contained 

within one diagram and shown on the border of all others 

that use it at the same level. A change in interpretation 

of the location of a data store can necessitate revisions 

of several diagrams. Limitations of this general type were 

discussed by Bowles [1990]. (Criteria l.B, 3.A, 4.B) 

7. The convention that DFD's focus on data sometimes 

leads to cumbersome representations. Objects themselves 

can often represent data more concisely than can data about 

the object [Mingers 1988]. (Criteria 2.A.1, 2.B) 

The IDEFO methodology may offer a partial solution to 

the previously mentioned problems. It entails more 

rigorous criteria for decomposing systems. Godwin's et al. 

[1989] view of the IDEF philosophy is that more complexity 

can be modeled as long as it is presented in "chunks." 

Similarly Eclectic Solutions [1990-2], a designer of CASE 

tools supporting the IDEF methodology, states: "The IDEFO 

system of methods sets forth rules for describing 

enterprises and systems that allow complex enterprises or 

systems to be broken down into small, easily understood 

modules." 

For each of the seven shortcomings of DFD's, there is a 

potential IDEFO solution: 

50 



1. In normal usage IDEFO's have three to six functions 

per page. The placement or topology of functions on a page 

portrays system features such as dominance and support. 

2. In IDEFO, controls are a standard part of the 

diagram. They enter from the top of a box and are the 

dominant relationship between functions. Major controls 

can be split to show portions that apply to more elementary 

functions. 

3. Flow of control with IDEFO's is normally top to 

bottom, left to right. In IDEFO's, functions are arranged 

in order of importance. DFD's normally begin with the main 

entry point. The most important function is not 

necessarily the main entry point into the diagram. In 

DFD's there can be many feedbacks since most flows tend to 

originate from the most important function. This aspect 

may cause the diagram to be over-complicated. 

4. The IDEFO equivalent of entities is external systems 

that interact with the system in question. These appear in 

the A-1 and A-2 diagrams; these diagrams place the current 

system in a progressively larger context. Representing 

entities as systems has two major advantages: 

a. It reduces overlap and omission of the entities 

that are selected. 

b. The interface to the entity is clearer; explicit 

connections to parts of the external systems are 

shown on the A-1 and A-2 diagrams. 
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5. Arrows in an IDEFO diagram are constraints upon 

functions. Whether the logical constraints include data 

stores is not directly shown. If the nature of the 

relationship is explicit, necessary data stores are 

implied. 

On higher level diagrams databases can be aggregated 

arrows. On the lower levels, these aggregated arrows can 

be divided into arrows corresponding to the flat files that 

comprise the database. 

ICOM codes are a unique feature to IDEFO's. ICOM is an 

abbreviation for input, output, control and mechanism. 

These are the four types of connections to IDEFO boxes. 

All connections are termed arrows. The ICOM notation makes 

direct ties between a parent and child diagram. Arrows 

entering and leaving a child diagram are numbered according 

to their position on the parent. If Patient were the 

second input on the parent diagram it would be designated 

as 12 on the child, regardless of its position on the 

child. ICOM codes enable the reader of the diagrams to 

trace the decomposition of data and to identify inconsis

tencies. Through ICOM codes, the reader can see parts of 

the database and their interaction with other database 

components on lower levels. 

The physical database, including the actual database 

hardware and software, can also be depicted. For those 
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functions that update, query or maintain the database, the 

physical database is shown as a mechanism. 

6. In an IDEFO diagram, data stores are either implied 

or shown as mechanisms. The latter representation may be 

necessary in a physical model. There should never be 

confusion regarding the placement of data stores if rules 

for inheritance are heeded. According to Bravoco and Yadav 

[1985-2, p. 245]: 

The need for these descriptions to be consistent 
with each other is controlled by the rules for 
decomposition. The breakout of a higher level 
function into subfunctions may only include 
functions which produce outputs included in 
the higher level. 

7. The connecting arrows between IDEFO boxes are 

functional relationships. These relationships can be data 

but are not restricted to data, in many cases, an object 

is the most concise and explicit way of representing 

implied data. DFD's allow the representation of objects 

through external entities. It does not, however, allow 

these objects to be arrows. The use of Patient as an arrow 

label entails everything associated with a patient arriving 

at a clinic. Patient is not technically permitted in a 

Data Flow Diagram. The only alternatives are to aggregate 

the data and leave the interpretation open, or to show the 

components and over-complicate at Level 0. 

It might be implied that adding some of the features of 

IDEFO's to DFD's can solve many of their shortcomings. 
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Colter [1984] specifically asserts that the major weakness 

of DFD's in relation to IDEFO's is the inability of DFD's 

to show control and mechanism. Controls have been intro

duced into DFD's with dotted lines; however, their use is 

optional and they do not have the same significance as in 

IDEFO's. Mechanisms can be useful in the current and 

future physical versions of the system. 

Although they are not standard to the methodology, 

some have suggested rules and procedures that can be 

added to DFD's. Towner [1989, p. 36-38] describes one 

scheme for data store representation as follows: 

1. The identifier. Each data store is identi
fied with a one-to-three character code. The 
first character of the code is alphabetic. 

a. D. Automated database. This code indi
cates that the store is a machine readable 
file stored in a computer. 

b- M. Manual storage. The data represented 
by this code is maintained manually. The code 
could represent a file cabinet drawer or a 
file folder. 

c. T. Temporary storage. Data in this type 
of file is maintained only temporarily, until 
its immediate need has passed. 

...Place the data store and external symbols around 
the periphery of the diagram. Each should be lo
cated adjacent to the process symbols that relate 
to the data store or external. If a data store is 
referenced by two or more processes, place the data 
store symbol equally distant from each process. 

For a company to establish similar conventions requires 

extra effort. Problems arise if the diagrams are used 

outside the company's domain. Partly for this reason, some 

companies have opted to adopt the entire IDEF cycle 

(IDEFO, IDEFl, and IDEF2) by reason of their requirements 
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for precision and standardization. They have made this 

choice despite much greater current support available for 

the Yourdon methods. 

4.3 Overall Assessment of Earh 
Technique 

Proponents of the IDEFO technique believe that it 

provides more power and tighter control over the 

development process. According to Bravoco and Yadav 

[1985-2, p. 245]: 

This structure provides organization, clarity, and 
standardization to a description which otherwise 
would have taken thousands of words. The hierarchi
cal structure of the description allows it to be 
developed in a controlled piece-meal fashion. 

That is, if the scope of each diagram is more precisely 

defined, there is less overlapping and a higher degree of 

coordination of recjuirements analysis. Since the labeling 

of arrows and functions must be precise, one could conclude 

that a syntactically correct but semantically incorrect 

diagram is difficult to produce. 

The benefits of the technique may become more apparent 

as the size of the system increases. Godwin et al. [1989] 

conclude from their evaluation of IDEF methodology that the 

effectiveness of IDEF increases with the size of the 

system. Considering subsystems as chunks increases the 

ease of visualizing and understanding the model. As the 

"chunks" become larger, the power of IDEF becomes more 

evident [Godwin et al. 1989]. 
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Despite the drawbacks of DFD's and improvements pro

vided by IDEFO, DFD's remain the most widely used analysis 

documentation technique. IDEFO suffers the limitation of 

being primarily an analyst tool. There are several reasons 

that many prefer DFD's. The major reason is that they seem 

easier to use and understand [Yadav et al. 1986]. Another 

reason is that there is a greater degree of support for the 

design phase with the Yourdon methodology [Yourdon 1989] . 

The latter point is not treated in this dissertation. It 

is assumed that if IDEFO's are shown to convey the same 

information as DFD's, it is possible either to integrate 

them with the Yourdon method or to apply the entire SADT 

cycle, which includes IDEFl and IDEF2 [Bravoco and Yadav 

1985-1,2]. 

There are two aspects to ease of use and understanding: 

the viewpoint of the non-technical user and that of the 

beginning analyst. The former is not covered in this 

dissertation. A proper treatment of the non-technical 

viewpoint requires a thorough application of the user 

interaction literature. If it can be shown that IDEFO can 

be made more easily learnable by analysts, this will have a 

bearing upon its suitability for end users. For example, 

analysts may be trained to make better use of For 

Exposition Only (FEO) diagrams. FEO diagrams give the 

opportunity of a freer form diagram that can illustrate a 

particular point. FEO diagrams can increase the degree of 
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understandability and communication between analysts and 

users. 

Limited research findings justify the assertion that 

beginning analysts have more difficulty with IDEFO. A 

classroom study performed by Yadav et al. [1988] in 1986 

compared DFD's to IDEFO's. Based upon 12 hypotheses that 

measured diagrams with respect to syntax, semantics, 

communicating ability and usability [Yadav et al. 1988], 

DFD's were preferred to IDEFO's only for ease of learning 

and constructing. Those who used either method for their 

class project would prefer to use it again on future 

projects. 

Yadav's experiment has only limited generalizability. 

Sample sizes were small. Since the diagrams were prepared 

manually, there was no accounting for the possible conse

quences of automating the techniques. A pilot study 

performed by the author, however, reinforces this distinc

tion between DFD's and IDEFO's. The author gave his class 

a thorough and equal introduction to both DFD's and 

IDEFO's. He verified that the entire class was equally 

proficient, although at a novice level, in the two 

techniques. On the midterm examination, students were 

given a short case describing a system that they were 

required to diagram. They had the option to use either of 

the two techniques. 73 per cent of the class used DFD's, 

27 percent used IDEFO's. 
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To test this pattern on a larger scale there are many 

cases for which IDEFO and DFD's would be equally 

applicable. These would not favor either technique. For 

example, the case used in Yadav's experiment involved a 

data processing and information system for a medical 

clinic. Both techniques are capable of defining a system 

of this nature [Colter 1984, Bravoco and Yadav 1985-2]. 

For process-oriented problems, such as those in the realm 

of engineering, IDEFO has a clear advantage [Marca 1988]. 

4.4 Previous Comparisons Between Other 
Related Techniques 

Other comparisons between analysis approaches that have 

appeared in the literature are only conceptual. Shevlin 

[1983] contrasts the Yourdon method with the Warnier-Orr 

method. The Yourdon method [Yourdon 1989], the combination 

of DFD's, process narratives and the data dictionary, has 

the advantages of simplicity and encouragement of 

uniformity. It is appropriate for development of on-line 

systems because it focuses on data. The Warnier-Orr method 

is suitable for complex applications [Shevlin 1983] . Its 

ability to show increasing levels of detail allows for a 

smooth transition between analysis and design. 

Because of their hierarchical nature Warnier-Orr 

diagrams must be restricted to one level. Although they 

are more concise representations, they have several 

limitations. Only the most elementary data flows and 

58 



stores can be included. The use of columns for functions 

and data make visualizing the system difficult. Arrows are 

simply connections between entries in one or two columns. 

Since it is almost impossible to show a domain of change, 

these diagrams are limited to systems that are completely 

automated [Shevlin 1983]. Shevlin did, however, suggest 

that DFD's have more limitations in modeling of complexity. 

Conceptual models are not parallel to DFD's since they 

cannot show an equivalent level of detail. The extensions 

to conceptual models incorporated into Checkland's [1979] 

SSM make them more comparable Mingers [1988] . Mingers 

points out some possible advantages of SSM over Yourdon's 

methods. In SSM, the conceptual model is more central. 

The conceptual model is more oriented toward logical 

relationships than data flows. Being data flow oriented, 

it is more difficult for the DFD to become divorced from 

reality. The files, sources, sinks invariably have some 

relationship to the existing ones, in this respect, 

Checkland's SSM may have some advantages over DFD's. 

There is some similarity between conceptual models and 

IDEFO's. Arrows in IDEFO's and conceptual models represent 

functional relationships. Although more precise and 

rule-oriented than SSM's, iDEF's are not as closely tied to 

the data as DFD's. 

59 



4.5 The Role of CASE Tools in Support-Jna 
Structured Technigiî .g 

A CASE tool is a computer-based system designed to aid 

in the systems development process. The measurable outputs 

from a CASE tool are the products of systems analysis and/ 

or systems design. These outputs take time to produce and 

hinge upon many variables. The most appropriate experi

mental design for study of a CASE tool is, therefore, a 

longitudinal field experiment. Such an experiment can 

be performed either in an educational or industrial 

setting. 

It is argued that the CASE tool is so closely tied to 

the systems development process that it actually changes 

the methodology. One cannot speak of comparing DFD's to 

IDEFO's through a CASE tool, but rather a certain CASE tool 

in combination with DFD's can be compared to another (or 

the same) CASE tool in combination with IDEFO's. With 

automation some of the inherent characteristics of the 

teclinique are altered. Changes occur in the diagram 

construction process, the procedure for diagram classifi

cation, and the procedures for accessing and reviewing 

diagrams. 

4.6 Potential Advantages of CASE Tools for 
Requirements Definition 

One promise of CASE tools is to encourage analysts to 

use structured tecliniques more extensively. Gane and 
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Sarson [1980-1] studied the application of structured 

methods at the Superior Oil Company. This company, which 

had many years of experience with such methods, observed 

that more structure results in increased user communication 

and greater changeability of design. Carey and McCleod 

[1988] performed a survey of corporate Information Systems 

Departments to determine the effectiveness of structured 

methods. They found little correlation between use of 

structured techniques and performance. They concluded that 

structured techniques have not lived up to their expec

tations . This evidence suggests that there is no 

deficiency in structured techniques, but in their proper 

application. 

A CASE tool should make a technique easier to apply by 

providing built-in rules for its application. Greater ease 

of use should cause more widespread and uniforro application 

of the technique. Measurable benefits from CASE tool usage 

should, therefore, include the increase in communication 

and improvement in changeability reported by Gane and 

Sarson [1980-1]. For the CASE tool Excelerator, which sup

ports DFD's, Chantico [1989, p.437] claims precisely these 

benefits: 

With Excelerator systems analysts can estimate the 
impact of one change on all parts of the system 
design, which gives them the flexibility to respond 
quickly to user's requests for changes and enhance
ments. They can consider all alternatives 
and then select the best design. 
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In an actual survey of IS managers, Necco et al. [1989] 

found that 24 per cent used CASE software. Most of the 

users reported that productivity and quality had improved. 

Better communication and documentation were the most 

frequently mentioned reasons for these improvements. These 

qualities are directly related to criteria l.B, 3.A, and 

3.B. If it is assumed that changeability is a major factor 

contributing to quality of documentation, then the results 

of this survey help to substantiate the claims about 

Excelerator. The assumption is made that Excelerator is a 

typical CASE tool. 

A second potential CASE tool benefit is faster drawing, 

classifying, retrieving and modifying. As opposed to 

Excelerator, which supports several methodologies including 

Yourdon's, COINS is dedicated only to IDEFO. Eclectic 

Solutions [1990-2], the company that markets COINS, makes 

the following claims about its time saving features: 

"...COINS products free analysts and engineers to 

concentrate their creative energies on the enterprise 

engineering, modeling, analysis and design aspects of a 

project." 

Claims of increased creativity are not confined to 

tools that support IDEFO. EasyCASE Plus is a low-end CASE 

tool for constructing DFD's and related diagrams. The 

following appeared in a product promotion for EasyCASE Plus 

[Evergreen 1990]: 
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By automating the time consuming gathering, 
maintenance and coordination of related informa
tion and simplifying the creation of system 
'documentation', your software development staff 
can concentrate on the real issues of importance; 
system requirements analysis and definition, 
documentation, and customer interaction... This 
allows them to refine systems requirements in a 
less time, and with much more accuracy, than 
before. 

In an actual experiment, Yellen [1990] compared 

Excelerator diagrams to manual. Subjects were 31 

undergraduate students in a Systems Analysis class. The 

class was divided into homogeneous treatment groups (manual 

and automated) and given 48 hours to complete the assigned 

case. Students were given a 15 minute period to discuss 

the case as a group after which all work was done individu

ally. The evaluation criteria were correctness, complete

ness and communicating ability [Yellen 1990]. The 

instrument used to measure these qualities was pretested 

and reviewed by experts. They found that the CASE tool 

improved correctness but not completeness and communicating 

ability. Their definition of correctness focused on 

criterion 2.B, syntactic correctness and completeness. 

More correct models may have been a logical consequence 

of a creativity increase [Eclectic 1990-2]. As analysts 

become more creative, they should develop models that more 

accurately depict reality. The experiment may not have 

been long enough to notice an increase in completeness and 

communicating ability. Completeness depends upon the 
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analyst's overall understanding of the model, which takes 

time to evolve. Communication is expected to increase as 

understanding increases. 

The most extensive study of CASE tool impact was 

performed by Lempp and Lauber [1989]. They surveyed 14 

companies that had used the CASE environment EPOS for 

project development during the last 5 years. They obtained 

data concerning long term use on complex projects. Their 

measurement classifications were productivity, project 

costs, and software quality. Appropriate questions 

pertained to each phase of the life cycle. There were no 

parallel manual activities. It was necessary to rely upon 

the manager's experience to project what would have 

occurred if the same project was developed manually. 

On the average they noticed a moderate increase in 

productivity for the definition of requirements phase 

[Lempp and Lauber 1989]. The estimated cost increased by 

21 per cent in this phase. This increase was attributed 

mainly to data entry time and that the CASE tool enforced 

structured techniques. The latter increased costs, 

inasmuch as structured techniques require a more detailed 

initial analysis. The cost decrease of 69 per cent in 

maintenance more than compensated for the increase in the 

initial costs. 

An increase in time is most closely related to 

criterion 2.c. Productivity from the application of 
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structured techniques suggests a change in certain final 

outcome measures of the modeling process, including 

criteria 2.A.1, 2.A.2, and 2.A.3. By focusing on the end 

effect, Lempp and Lauber's study indirectly measured all 

the factors that contribute to project success. Thus Lempp 

and Lauber's study may have been a more complete test of 

the framework than Yellen's, which was highly syntactic in 

orientation. 

Costs are not considered separately. Cost introduces 

other factors such as scale of implementation and state of 

technology. The simplifying assumption is made that cost 

is indirectly proportional to productivity. 

4.7 Possible Limitations of CASE Tools in 
Requirements Definition 

If CASE tools offer these advantages, why does every 

company that is involved with systems development not adopt 

them? The most obvious answer is their cost. As with any 

other software, a cost-benefit analysis is required prior 

to accjuisition. If a particular CASE tool offers benefits, 

then it is assumed that its price can be made lower than 

the expected cost reduction. 

There is evidence to support the assertion that CASE 

tools enforce adherence to structured tecliniques [Lempp and 

Lauber 1989]. Such enforcement may not always allow the 

company to adapt easily to the tool. A second major 
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obstacle to the purchase of CASE tools is, therefore, lack 

of flexibility. Inasmuch as flexibility is a quality 

inherent to the software, it is a valid research issue. 

Windsor [1986] mentioned lack of flexibility as one 

disadvantage of CASE tools. A company is often forced to 

change its standards to accommodate the tool. For example, 

the company may traditionally have a different maximum 

number of DFD functions, different naming conventions, or 

different data dictionary entries. 

There may be a trade-off between ease of use and flexi

bility. A greater degree of built-in support for certain 

conventions can cause less flexibility. Yourdon [1989] 

suggests that automated tools be constructed so their 

built-in techniques can be customized. As with local DFD 

conventions, it is questionable whether customization is 

worth the effort. 

A tool such as COINS, which supports a rigid 

methodology, should never need to be modified. The 

precision of IDEFO leaves little room for variation. By 

making the rules easier to apply, it may, however, be 

possible to increase flexibility without technique 

modification. Whether COINS can be as widely applicable as 

DFD's (automated or manual) is a topic for further 

research. A corollary question is whether automation 

through COINS affects the scope of feasible applications of 

IDEFO. 
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CHAPTER V 

THE EXPERIMENT 

The first section of this chapter provides a justifi

cation for the experiment. The second outlines it in 

detail. Sections three through seven derive evaluation 

methods and hypotheses for both the COINS versus Exceler

ator and the automated versus manual phases of the 

experiment. Sections eight and nine discuss the statis

tical tests and power computations for the manual and 

automated hypotheses. 

5.1 Rationale for the Experiment 

A set of criteria was derived for comparison of tech

niques that conceptually is complete and adequate. The 

combination of automated tool and technicjue is actually a 

new technique. Thus any criteria applied to a technique 

alone can also be applied to a combination of tool and 

technique. 

Based upon the previous assumption, experiments were 

planned to test some concepts advanced in this disser

tation. These compared automated DFD's to automated 

IDEFO's and all the automated diagrams to manual. These 

experiments required a large amount of preparation. Except 

for automated tool use, all the conditions that were 

present in YadaVs et al. [1988] manual comparison of DFD's 
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to IDEFO's were replicated. The same case, tests, and 

questionnaires were available to the experimenter. The 

data from Yadavs experiment can, therefore, be directly 

compared to that from the planned experiment. The 

necessary software for performing the experiment was 

available to the experimenter. The required hardware was 

available, although at a minimal level. The entire study 

was primarily run by one experimenter. He was responsible 

for learning the exact procedures that were used in YadaV s 

experiment. He also developed a method to train students 

to use the CASE tools and to evaluate data that was 

collected. 

The following are the two most important points of 

interest in this experiment: 

1. Does Excelerator differ from COINS for this 

setting? 

2. Does manual differ from automated for this setting? 

The first question is important because of the 

overwhelming support for the Yourdon methodology. The 

second is important, since many educational institutions 

and businesses are still questioning whether CASE tools are 

worth the effort and expense. Any evidence that suggests 

there are possible improvements to the Yourdon methodology 

would have widespread effects. Given that the two CASE 

tools are categorically different but can offer parallel 

support in the Requirements Definition phase, it is the 
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intent of the experimenter to produce results that are 

useful in answering each of these questions. 

5.2 The Experimental Procedure 

Every effort was made to replicate the manual 

experiment by Yadav et al. [1988]. The subjects of the 

experiments were students in three undergraduate classes in 

Systems Analysis. YadaV s experiment involved one graduate 

class of 20 students. A much larger sample was obtained. 

Using data from an earlier experiment and comparing it 

to current data has several validity problems. There may 

have been, for example, a novelty effect when using the 

CASE tool. This effect could cause motivation for creating 

diagrams to be higher than normal. Differences are to be 

expected in the performance and orientation of undergrad

uate versus graduate students. One possibility is that 

undergraduate students, because of less experience and more 

skill orientation perform better on syntax and worse on 

semantics. Differences in teaching quality affect the 

students' understanding of the techniques. The instruc

tor's approach to the assigned case is reflected in the 

students' interpretation of it. 

This study falls into the category of meta-analysis. 

With meta-analysis data from each repetition of the 

experiment is treated as if observed simultaneously. 

Experimental conditions can never be replicated exactly. 
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student characteristics vary slightly from class to class. 

For this reason the composition of treatment groups can be 

different than for simultaneous participation in the 

experiment. Because of unexplained error that is 

introduced, meta-analysis cannot infer causal relationships 

[Kendall 1985] . It can, however, suggest possible 

causality. 

All students were given the equivalent of three class 

periods of lecture on DFD's and three periods on IDEFO. 

Yadav scheduled four periods. The subsequent CASE tool 

training phase provided students additional opportunity for 

learning. Short assignments verified the students' 

understanding. 

Upon completion of the two sets of introductory 

lectures the Group Embedded Figures Test (GEFT), which 

measures perceptual orientation, was completed by all 

subjects. Perceptual orientation is not a focus of the 

study; however, it is a possible explanatory factor to 

increase power. By the very nature of the test [witkin 

1971], those who score higher should at least have a better 

ability to perceive figures. The next chapter discusses 

the relevance of this test to experimental outcomes. 

Based upon the test, students were classified as either 

heuristic, analytic, or mixed cognitive style. Teams of 

two students were randomly selected from each cognitive 

style group to form a representative number of analytic, 
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heuristic, and mixed teams. Such assignments isolated the 

effects of the cognitive variable. One-half of the groups 

in each cognitive style category were assigned to the 

automated IDEFO treatment and the remainder to the 

automated DFD treatment. 

The Analyst Background Questionnaire was administered 

to all subjects to assess whether the groups differ with 

respect to any important demographic or experience 

dimensions (see Appendix B for the Analyst Background 

Questionnaire). In cases where there were significant 

differences teams were randomly chosen a second time before 

being officially assigned. Without this reassignment, it 

would not be assured that teams differed only by technique 

and cognitive style. 

The output was compared not only between these groups 

but also to the combined manual groups from Yadav's 

experiment. In his experiment there were five DFD groups 

and five IDEFO groups. In the new experiment there were 

twelve DFD groups and sixteen IDEFO groups. Although 

obtaining additional manual samples can increase the power, 

this is not practical in the current experimental setting. 

After proper teams were formed the DFD and IDEFO groups 

attended separate training sessions. The DFD groups were 

trained to use Excelerator by the experimenter during one 

class period. A similar training session was given to the 

IDEFO group on the use of COINS. Excelerator can construct 
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and maintain a Data Dictionary whereas COINS only allows 

glossary maintenance. To make the level of automated tool 

support equivalent, students in the DFD treatment group 

were given only a minimal level of training on this 

additional feature of Excelerator. A homework assignment 

served to verify each team's competency in their respective 

tools. 

All teams were assigned a case that involves medical 

services and given four weeks to complete it. A three 

member Expert Review Committee (ERC), consisting of three 

faculty members who are qualified to teach Systems Analysis 

courses, was appointed to evaluate final models. So that 

the ERC's evaluation was not biased by intermediate output, 

only the experimenter reviewed weekly deliverables. 

Besides tangible deliverables, some teams were required to 

submit an estimate of the amount of time spent using the 

automated tool. This figure served to assure consistency 

and uniformity of tool usage. 

After the final projects were submitted, the Analyst 

Response Questionnaire was administered to all students. 

This questionnaire provides the more subjective measures 

such as ease of learning, drawing and understanding, and 

confidence, utility, and communication enhancement. 

The final models were graded independently by each 

member of the ERC. To minimize bias the ERC members were 

not aware of the names of the members of any teams. 
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5.3 Derivation of Weights for ERC Evaluation 

Table 5.1 shows the criteria scoring weights used by 

Yadav. As discussed earlier, "complexity of the syntax" 

and "complexity/understandability of the problem" are 

omitted because they are too subjective. 

The weights are in proportion to the perceived level 

of importance of each issue. In the case of both syntactic 

and semantic, final outcome represented 70 percent of the 

total grade; the modeling process was 30 percent. It is 

logical that output be considered more important than the 

process of obtaining it. Under the syntactic modeling 

process "consistent level of abstraction and detail" was 

assigned 2 points whereas "consistent viewpoint and 

purpose" was given only 1. The former can be considered 

more important, since it is an indicator of how the group 

worked together and addressed the problem. The latter 

only addresses agreement of the elements within each 

diagram. 

"Appropriate level of abstraction," "proper viewpoint 

and purpose," and "type of decomposition" are equally 

important aspects of the group's understanding of the 

assignment. They are each assigned one-third of the total 

weight for the semantic modeling process. 

Table 5.2 shows the weighting scheme for the new exper

iment. There are two major changes. The scores assigned 

in the manual experiment for "consistent viewpoint and 
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Table 5.1: Original Weights 

Syntactic 

Semantic 

Modeling Process 

1. Consistent level of 
abstraction and detail 
--2 points 
2. Consistent viewpoint 
and purpose -- l point 

1. Appropriate level of 
abstraction -- l point 
2. Proper viewpoint and 
purpose -- 1 point 
3. Type of decomposition 
-- 1 point 

Final Outcome 

1. Correctness and 
completeness of the 
model --7 points 

1. Correctness and 
completeness of the 
model --7 points 
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Syntactic 

Semantic 

Table 5.2: New Weights 

Modeling Process 

1. Consistent level of 
abstraction and detail 
--4 points 
2. Consistent viewpoint 
and purpose --2 points 

1. Appropriate level of 
abstraction --2 point 
2. Proper viewpoint and 
purpose --2 points 
3. Type of decomposition 
--2 points 
4. Internal variation in 
semantic correctness and 
and completeness* 
--4 points 

Final Outcome 

1. Correctness and 
completeness of the 
model --14 points 

1. Correctness and 
completeness of the 
model --14 points 

This criterion is not used in manual versus automated 
comparison 
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purpose" and "proper viewpoint and purpose" were too 

uniform. To promote greater discrimination, all the 

original weights have been doubled. The new range is 

adequate to permit more degrees of comparison yet not large 

enough to introduce too much subjectivity. 

"Internal variation in semantic correctness and 

completeness" was assigned a value of 4 points. Flexi

bility is a major issue for CASE tools and techniques. It 

was frequently mentioned in the literature review. This 

criterion is the only one that deals with flexibility. It 

is assigned twice as much importance as the other syntactic 

modeling process criteria. Since Yadav did not incorporate 

the flexibility issue, it is not considered when comparing 

manual to automated. 

5.4 Experimental Hypotheses: Excelerator 
versus COINS 

The new framework, shown in Figure 5.1, is recon

structed so each criterion, with the exception of flexi

bility measures, corresponds to one of the original 

hypotheses. The framework is essentially be self-testing. 

To correspond to the original order of the hypotheses in 

Figure 5.2, the criteria and sub-criteria are rearranged 

and renumbered. The hypotheses in Figure 5.2 are simply 

the framework criteria, with the exception of flexibility, 

reworded in terms of the IDEFO versus DFD comparison. 

Hypotheses 5 through 12 are worded in terms of analyst 
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Final Outcome 
1. Syntactic Correctness and Completeness 
2. Syntactic Consistency and Appropriateness of the 

Modeling Process 
A. Consistent Level of Abstraction and Detail 
B. Consistent Viewpoint and Purpose 

3. Semantic Correctness and Completeness 
4. Semantic Consistency and Appropriateness of 

Abstraction, Viewpoint, and Decomposition in the 
Modeling Process 
A. Appropriate Level of Abstraction 
B. Proper Viewpoint and Purpose 
C. Type of Decomposition 

4a. Internal Variation in Semantic Correctness and 
Completeness in the Modeling Process 

Modeling Process 
5. Ease of Learning Syntax 
6. Ease of Drawing 
7. Ease of Understanding Teammate's Diagrams 
8. Syntactic Correctness and Completeness 
9. Semantic Correctness and Completeness 

10. Overall Utility of Tectinigue 
11. Preference for Same Tool in Future Project 
12. Utility to Enhance Communication 

Figure 5.1. New Framework (Rearranged) 
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HI: Syntactical correctness and completeness of final 
models do not differ significantly between DFD and 
IDEFO groups. 

H2: Syntactic consistency and appropriateness of modeling 
process do not differ significantly between DFD and 
IDEFO groups. 

H3: Semantic correctness and completeness of final models 
do not differ significantly between DFD and IDEFO 
groups. 

H4: Semantic consistency and appropriateness of 
abstraction, viewpoint and decomposition in the 
modeling process do not differ significantly between 
DFD and IDEFO groups. 

H5: Analyst's perception of ease of learning syntactic 
rules does not differ significantly between DFD and 
IDEFO groups. 

H6: Analyst's perception of ease of drawing diagrams does 
not differ significantly between DFD and IDEFO groups. 

H7: Analyst's perception of ease of understanding the 
diagrams drawn by his team member does not differ 
significantly between DFD and IDEFO groups. 

H8: Analyst's overall confidence in the syntactic 
correctness and completeness of final models does not 
differ significantly between DFD and IDEFO groups. 

H9: Analyst's overall confidence in the semantic 
correctness and completeness of final models does not 
differ significantly between DFD and IDEFO groups. 

HlO: Analyst's overall confidence in the utility of the 
technique to specify the requirements analysis does not 
differ significantly between DFD and IDEFO groups. 

Hll: Analyst's preference of a technique he can choose for 
a similar future project does not differ significantly 
between DFD and IDEFO groups. 

H12: Analyst's assessment of the utility of the technique 
to enhance communication between team members does not 
differ significantly between DFD and IDEFO groups. 

Figure 5.2. Original Hypotheses [Yadav et al. 1988] 

78 



opinions since they are measured by a final questionnaire 

administered to participants. 

Figure 5.3 shows the hypotheses tested in the current 

experiment. Hypotheses 1 through 12 (excluding those 

appended by letters) are the original hypotheses stated in 

terms of Excelerator versus COINS instead of DFD's versus 

IDEFO's. This revision is justified because the combina

tion of CASE tool and technique is a new technique and both 

CASE tools offer parallel support. 

Four hypotheses were added. To preserve the original 

numbering, the new hypotheses are designated by original 

numbers appended by letters. Hypothesis 4b tests the 

relative degree of flexibility between the two technicjues. 

To place the final outcome hypotheses in perspective a 

hypothesis is necessary that tests for overall performance. 

Hypotheses 4a and 4c are two versions of this test. These 

combined hypotheses test the overall quality of models, 

taking into account the relative weights of the ERC 

measurement criteria. Hypothesis 4c includes flexibility 

in the total score, whereas 4a does not. Hypothesis 4a is 

necessary to compare the overall outcome to the manual 

experiment, that did not measure flexibility. 

in the original experiment Hypothesis 11 tested for a 

difference in level of preference. Level of preference was 

one of the few significant findings from Yadav's experi

ment, and it indicated that analysts would prefer the same 
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HI: Syntactical correctness and completeness of final 
models do not differ significantly between Excelerator 
and COINS groups. 

H2: Syntactic consistency and appropriateness of modeling 
process do not differ significantly between Excelerator 
and COINS groups. 

H3: Semantic correctness and completeness of final models 
do not differ significantly between Excelerator and 
COINS groups. 

H4: Semantic consistency and appropriateness of 
abstraction, viewpoint and decomposition in the 
modeling process do not differ significantly between 
Excelerator and COINS groups. 

H4a: Overall performance (excluding flexibility) does not 
differ significantly between Excelerator and COINS 
groups. 

H4b: Internal variation in semantic completeness does not 
differ significantly between Excelerator and COINS 
groups. 

H4c: Overall performance (including flexibility) does not 
differ significantly between Excelerator and COINS 
groups. 

H5: Analyst's perception of ease of learning syntactic 
rules does not differ significantly between Excelerator 
and COINS groups. 

H6: Analyst's perception of ease of drawing diagrams does 
not differ significantly between Excelerator and COINS 
groups. 

H7: Analyst's perception of ease of understanding the 
diagrams drawn by his team member does not differ 
significantly between Excelerator and COINS groups. 

H8: Analyst's overall confidence in the syntactic correct
ness and completeness of final models does not differ 
significantly between Excelerator and COINS groups. 

H9: Analyst's overall confidence in the semantic correct
ness and completeness of final models does not differ 
significantly between Excelerator and COINS groups. 

HlO: Analyst's overall confidence in the utility of the 
technique to specify the requirements analysis does not 
differ significantly between Excelerator and COINS 
groups. 

Hll: Analyst's preference of a technique he can choose for 
a similar future project does not differ significantly 
between Excelerator and COINS groups. 

H12: Analyst's assessment of the utility of the technique 
to enhance communication between team members does not 
differ significantly between Excelerator and COINS 
groups. 

Figure 5.3. Excelerator versus COINS Hypotheses 
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technique for future projects. Such an outcome would be 

expected since the analysts had more experience with their 

particular technique. This hypothesis was slightly changed 

to test whether there is a significant difference in the 

level of preference between Excelerator and COINS groups. 

The modified version may be a more useful measure. 

Since derived from analyst opinions, hypotheses 5 

through 12 should be considered less important. They serve 

to support or detract from the final outcome hypotheses. 

With the exception of complexity, the same issues are 

incorporated into the final outcome hypotheses. Including 

hypothesis 4b, there are 5 major hypotheses. The scope and 

scale of this experiment are sufficient to provide meaning

ful results for five hypotheses. 

5•5 Evaluation of Hypotheses: Excelerator 
versus COINS 

Hypotheses l through 4c are measured by the ERC; 

hypotheses 5 through 12 come from the Analyst Response 

Questionnaire. For hypotheses l through 4c, general 

guidelines that the ERC used in evaluating each hypothesis 

are shown below. For hypotheses 5 through 12, questions 

from the Analyst Response Questionnaire that provide the 

required data are listed. 

1. Diagrams conform to the syntax rules of the 

respective technique. All required syntactical elements, 

e.g., arrows, labels, and descriptions are present. 
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2. The standards for forming names and presenting 

various constructs are uniform throughout the system of 

diagrams. The best possible combination of labels, arrows, 

and data classifications is exploited for the intended 

concept. 

3. The diagramed model corresponds with the total 

correct solution and has no missing or extraneous parts. 

4. Definitions, labels, etc., have the same meaning 

throughout the system of diagrams. The best possible 

combination of labels, arrows and data classifications is 

exploited for the correct concept. 

4a. The weighted aggregate of criteria applied to 

hypotheses 1 through 4. 

4b. ERC members subjectively assign a score for the 

degree of variation in semantic correctness and complete

ness between the diagrams at the third level of each 

group's model. Every model contains at least three 

diagrams at the lowest level. 

Internal variation is a negative measure since a higher 

score implies less flexibility. All other ERC measures are 

positive. To convert it to a positive measure the ERC 

score is simply subtracted from the maximum point value to 

yield a direct flexibility measure. 

4c. The weighted aggregate of criteria applied to 

hypotheses 1 through 4 plus 4b. 
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For the hypotheses based on the Analyst Response 

Questionnaire, applicable questions are listed. If more 

than one question applies to one hypothesis, all responses 

have equal weight (see Appendix C for the Analyst Response 

Questionnaire). 

5. Question i from the Analyst Response Questionnaire. 

6. A composite of questions 2 and 3 that measures the 

conceptual ease and the mechanical drudgery of drawing the 

diagrams. 

7. A composite of questions 4 and 5 that measures the 

conceptual ease and the time required to understand 

diagrams drawn by teammates. 

8. A conposite of questions 6 and 7 that measures the 

syntactic correctness and coirpleteness of the team's final 

model. 

9. A composite of questions 8 and 9 that measures the 

semantic correctness and completeness of the team's final 

model. 

10. Question 10 from the Analyst Response Questionnaire. 

11. Question 12 from the Analyst Response Questionnaire. 

12. Question 11 from the Analyst Response Questionnaire. 

5.6 Experimental Hypotheses: M&nu^l 

versus Automated 

Figure 5.4 is the version of the first four original 

hypotheses adapted for the manual versus automated 

experiment. The first four hypotheses are similar to the 
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HI: Syntactical correctness and completeness of final 
models do not differ significantly between automated 
and manual groups. 

H2: Syntactical consistency and appropriateness of the 
modeling process do not differ significantly between 
automated and manual groups. 

H3: Semantic correctness and completeness of final models 
do not differ significantly between automated and 
manual groups. 

H4: Semantic consistency and appropriateness of modeling 
process do not differ significantly between automated 
and manual groups. 

H4a: Overall performance does not differ significantly 
between automated and manual groups. 

Figure 5.4. Manual versus Automated Hypotheses 
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original ones except they are stated in terms of automated 

versus manual instead of DFD's versus IDEFO's. The 

comparison is now between two categories of techniques. 

The second technique is simply the first modified by 

automation. Hypothesis 4a was added because there is a 

need for a combined measure which places all hypotheses in 

their proper perspective. 

Since the answers to the original Analyst Response 

Questionnaire are not available, the manual versus 

automated comparison is confined to these five hypotheses. 

5.7 Evaluation of Hypotheses: Manual versus 
Automated 

Hypotheses l through 4a are evaluated in the same way 

as the automated version. See section 5.5. 

5.8 Statistical Analysis Applied in the 
Original Experiment 

In the original experiment, the first four hypotheses 

concerned the correctness, completeness, consistency, and 

appropriateness of the final model. The Expert Review 

Committee provides the evaluative data to test these 

hypotheses. The last eight hypotheses concerned analyst 

perceptions; the data for these is provided by the 

subjective measures from the Analyst Response Question

naire . 

In the original experiment, a two-way factorial 

analysis of variance was applied to all hypotheses. The 
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block and treatment factors in this model were cognitive 

style, derived from the Group Embedded Figures Test, and 

technique. The statistical analysis package was SAS. The 

procedure within SAS was General Linear Models (GLM). 

An interaction coefficient was included in the ANOVA 

model for hypotheses l, 2, 3, 4, 6 and 11. The 

Kruskal-Wallis test was applied to Hypothesis 5 in addition 

to analysis of variance with interaction. As opposed to 

analysis of variance, the Kruskal-Wallis test does not 

assume the two populations follow a normal distribution. 

Hypothesis 5 tests ease of learning rules between the two 

techniques. If the population of DFD users varies from 

IDEFO users, the Kruskal-Wallis results can be different 

from the analysis of variance results. Both tests, 

however, rejected the null hypothesis with approximately 

the same p-value. 

Hypothesis 6 was tested both with and without 

interaction. Because the interaction term was significant 

in the former case, this appears to be a better model. 

This is the only hypothesis for which the interaction term 

was significant. No interaction was introduced in testing 

Hypotheses 8 and 9. Although not explicitly stated in the 

article by Yadav et al. [1988], it is assumed that an 

interaction term was not included in the models for 

Hypotheses 7, 10, and 12. 
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The F statistics for the first four hypotheses were 

rechecked. An error occurred in the computation for the 

second hypothesis. The analysis of variance test cannot be 

applied with interaction. When the SAS GLM procedure is 

run without interaction, a higher F value is produced. 

This new value, however, does not change the hypothesis 

result. A minor error occurred in the case of the fourth 

hypothesis. A slightly higher F value was obtained. The 

change also does not effect the original result. 

5.9 Validity of the New Experiment 

The new experiment adds only the automation factor. 

Since parallel capabilities were given to each treatment 

group, the same two factors (technique and cognitive style) 

were initially used in the comparison between Excelerator 

and COINS. For comparison of manual to automated, the two 

initial factors were cognitive style and automation. The 

interaction factor (automation X cognitive style) was 

intended measure whether certain levels of perceptual 

ability are benefited more by automation than others. 

The p-values for cognitive style in the manual 

experiment were lower than those for technique. In the 

automated they were higher. When power is computed using 

the new data, technicjue is the dominant factor. A possible 

reason for this inconsistency is the very weak treatment 

effects in the original experiment. Low correlation 
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coefficients for the models suggest the effects of 

cognitive style were primarily coincidental. 

Cognitive style ratings were based upon ability to 

detect simple figures embedded within more complicated 

figures. There is no basis in previous research for 

assuming a relationship between such test results and the 

ability to construct good diagrams [witkin 1971]. 

Cognitive style was, therefore, eliminated as a factor in 

both the Excelerator versus COINS comparison and the manual 

versus automated. It did not result in an increase in the 

correlation coefficients of the applicable statistical 

models. 

The first experiment took place in a single semester 

and the second in three. It is, therefore, valid to 

introduce class as an explanatory variable in the 

statistical models for the latter experiment. This 

variable, however, was not significant for any hypotheses. 

Since it did not increase the correlation coefficients it 

was eliminated. 

Another difference between the two experiments was the 

ERC's approach to rating the projects. In the first 

experiment ERC members arrived at a consensus score for 

each hypothesis, in the second experiment all evaluations 

took place separately. For this reason rater was added as 

an explanatory variable for the Excelerator versus COINS 
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models. For most hypotheses rater was significant and 

increased the correlation coefficient. 

The same statistical models that were applied in the 

original experiment were also used in the new experiment, 

except rater replaced cognitive style as the second factor. 

Rater was, however, omitted in the automated versus manual 

since the original experiment did not distinguish between 

raters. For hypotheses in which there were different model 

versions, in no case was a difference found between the two 

versions. 

One of the raters gave consistently lower ratings than 

the other two. This low rater was one of the three ERC 

members in the original experiment. His rating values may 

have significantly differed from the majority opinion, and 

it is not possible to determine whether he was given equal 

representation. For this reason a second set of statistics 

were derived for manual versus automated which excluded 

this rater. These are more consistent with other 

observations. 

Power computations estimated the validity of each phase 

of the experiment. Lack of significant treatment effects 

in the automated versus manual comparison made it 

impossible to compute the power (see Appendix F). Since 

mode is the only factor only the average effect of 

automation was tested. Adding technique as a factor did 

not increase the effect sizes and made the average sample 
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sizes very low. For the Excelerator versus COINS phase the 

power is approximately 98 percent. A power in excess of 80 

per cent can be considered sufficient to suggest possible 

causality [Baroudi and Orlikowski 1989]. See Appendix F 

for a detailed discussion of the statistical power 

computation. 
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CHAPTER VI 

RESULTS OF THE EXPERIMENT 

Table 6.1 has results for all experimental phases. 

Significant hypotheses are indicated. In the following two 

sections results are analyzed in light of previous research 

findings and observations. 

6.1 Analysis of Hypothesis Outcomes: Excelerator 
versus COINS 

The significance level in the original experiment was 

.10. Because of the lack of power of the original 

experiment, it was decided to reduce the significance level 

for both experiments to .05. The adjustment caused 

hypotheses 3 and 9 to no longer be significant in the 

original experiment. That these were close to being 

significant is, however, noted in the analysis. 

6.1.1 ERC Evaluated Hypotheses 

HI: Syntactical Correctness and Completeness. 

There was no significant difference found for this 

hypothesis in either the manual or the automated 

experiment. This hypothesis measures only the correct 

and complete application of the rules. It provides little 

indication of the amount of time spent or frustration 

experienced in learning and applying the technique. 

91 



Table 6.1: P-Values for Hypotheses 

HI 
H2 
H3 
H4 
H4a 
H4b 
H4C 
H5 
H6 
H7 
H8 
H9 
HlO 
Hll 
H12 

Original 

^ = .05 

P 

.317 

.306 

.717 

.315 

.630 

.073 

.048^ 

.810 

.420 

.630 

.540 

.072 

.630 

RESULT 

ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 

ACCEPT 
REJECT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 

Excelerator 
vs. COINS 

o< = .05 

P 

.776^ 

.006^ 

.017^ 

.057 

.032^ 

.046^ 

.035^ 

.009^ 

.116 

.138 

.938^ 

.017^ 

.515 

.068 

.296 

RESULT 

ACCEPT 
REJECT 
REJECT 
ACCEPT 
REJECT 
REJECT 
REJECT 
REJECT 
ACCEPT 
ACCEPT 
ACCEPT 
REJECT 
ACCEPT 
ACCEPT 
ACCEPT 

Manual vs. 
Automated-^ 

« = .05 

P 

.077 

.065 

.008^ 
-462 
.015^ 

RESULT 

ACCEPT 
ACCEPT 
REJECT 
ACCEPT 
REJECT 

Manual vs. 
Automated^ 

« = .05 

P 

.405 

.919 

.545 

.963 

.511 

RESULT 

ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 

1 
2 
D 
C 
M 

Includes all three ERC members 
Ratings from one ERC member are omitted 
Favors DFD's 
Favors COINS 
Favors Manual 
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P2: Syntactic Consistency and Appropriateness. 

This hypothesis was highly significant in favor of 

COINS (p=.006) but insignificant in the manual experiment 

(p=.306). The measures were consistent level of 

abstraction and detail and consistent viewpoint and 

purpose. IDEFO requires that the viewpoint and purpose be 

specified on the highest level diagram. The entire model 

must conform to this viewpoint and purpose. The 

methodology also forces balancing between levels, limits 

the number of functions per diagram, and requires functions 

to appear in descending order of importance. If all of 

these rules are properly applied IDEFO should be superior. 

It can be concluded that the CASE tool enabled them to 

better apply the rules; either as a result of greater 

understanding or of automatic application of rules they did 

not understand. If the goal is a better model then this 

result is meaningful with either interpretation. 

H3: Semantic Correctness and Completeness. 

It is the intention of the IDEF method to produce more 

organization and standardization of diagram organization 

and decomposition by enforcing a precise set of rules. It 

can be postulated that a barrier to producing better models 

with IDEFO was the difficulty in learning and applying this 

technique, as observed in the original experiment. In the 

analyst response hypotheses, COINS was rated easier to 

learn and no difference was found in ease of drawing. 
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These results lend support to the theories that better 

syntax implies better semantics [Bravoco and Yadav 1985-2, 

Godwin et al. 1989] and that the CASE tool frees creative 

energies to produce better models [Eclectic Solutions 

1990-2] . 

H4: Semantic Consistency and AppropriatRnP.g.c; 

Semantic consistency and appropriateness was 

insignificant in the manual experiment (p=.315) and almost 

significant in favor of COINS (p=.057). Its measures are 

appropriate level of abstraction, proper viewpoint and 

purpose and type of decomposition. For the same reasons 

mentioned under hypothesis 2, COINS would be expected to be 

superior for this hypothesis. A possible reason for the 

lower degree of significance in Hypothesis 4 is that 

certain elements of semantic consistency and appropriate

ness require interpretation and depend upon the analyst's 

level of experience. For this reason these hypotheses may 

be less influenced by the CASE tool or methodology. 

H4a: Overall Performance (without Flexibility). 

Overall performance is significant in favor of COINS 

since two of the four ERC hypotheses favor COINS. 

H4b: Internal Variation in Semantic Correctness and 
Completeness. 

There are two offsetting factors influencing the 

relative flexibility of Excelerator in relation to COINS. 

DFD's have more basic symbols and allow greater latitude as 
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to the arrangement of these symbols. The offsetting factor 

is that IDEFO's are not confined to data and functions that 

transform data. When showing the actual data is awkward, 

IDEFO arrows can represent objects or things. If these 

objects or things are labeled precisely and placed in the 

proper context, the data associated with them will be 

obvious to the reader. In the context of the Medical 

Clinic case COINS' advantages outweighed those of 

Excelerator. Less dependency on the data was more impor

tant than variety of symbol arrangements. 

H4c: Overall Performance (with Flexibility). 

Hypothesis 4c is a more complete measure of performance 

than 4c. It also favors COINS. 

6.1.2 Analyst Response Hypotheses 

The outcomes for hypotheses 5 through 12 depend upon 

analyst opinions. with the exception of Yadav's et al. 

[1988] reported results, there are no standards or norms 

available for this specific data. Differences between new 

results and original results for these hypotheses will be 

justified only if consistent with results for the ERC 

hypotheses. 

H5! Ease of Learning Syntax. 

This hypothesis was almost significant in favor of DFD 

in the original experiment (p=.073). It was very signifi

cant in favor of COINS (p=.009). It reflects the analysts' 
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impressions of the initial phases of CASE tool use. COINS 

supplies certain standard parts of the diagram. With 

Excelerator the diagram must be completely constructed by 

the analyst. This result is theoretically consistent with 

the outcome for Hypothesis 2. 

H6: Ease of Drawing Diagrams _ 

This hypothesis was significant in favor of DFD 

(p.=048) in the original experiment and inclined toward 

COINS (p=.ll6). This difference reflects the ability of 

COINS to automate some of the tedious aspects of IDEFO that 

are not present in DFD's, such as ICOM codes and c-numbers. 

The results indicate that analysts found the drawing 

process more difficult in relation to Excelerator than the 

learning process. 

H7: Ease of Understanding Diagrams. 

This hypothesis was not significant in either of the 

experiments. This hypothesis reflects the ability to 

understand diagrams that analysts have been jointly 

created, and not necessarily the quality of the diagrams. 

The results, therefore, do not conflict with the results 

for hypotheses 2 and 3. 

H8: Confidence in Syntactic Correctness and 
Completeness. 

This hypothesis was not significant for either 

experiment. It does not conflict with the result for 

hypothesis 2. Neither of the syntactic correctness and 
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completeness hypotheses are significant. The results for 

hypotheses 5 and 6, however, indicate that analysts using 

Excelerator devoted a greater amount of time and effort to 

the learning process. 

H9: Confidence in Semantic Corrgctnf̂ .gs 
and Completeness. 

This hypothesis was insignificant for the manual 

experiment (p=.540), but significant for COINS (p=.017). 

This result directly supports that hypothesis 3. It 

indicates that students were able to judge accurately the 

quality of their own diagrams. 

HlO: Confidence in Ability to Specify 
Requirements Analysis. 

This measure was not significant in either study. No 

difference was found in the analysts' ratings of the 

adequacy of their particular technique. In hypothesis 9, 

however, there was a major difference in confidence in 

semantic quality. This discrepancy suggests that the CASE 

tool plays a role in making the technique effective. In 

this case COINS has an advantage. 

Hll: Preference for Technique for a Future 
Project. 

This hypothesis was interpreted differently in the two 

experiments. In the manual experiment it reflected the 

analysts' preference for their particular technique. It 

was significant with a p-value of .072. In the new 

experiment it was defined as whether one technique had a 
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greater level of preference than the other. It was 

inclined toward COINS with a p-value of .068. Greater ease 

of learning combined with more confidence in semantic 

quality may have contributed to the higher degree of 

preference toward COINS. 

H12: Utility to Enhance Communication. 

This hypothesis was not significant in either experi

ment. Several authors associated communicating ability 

with syntactic correctness and completeness [Bravoco 

and Yadav 1985-2, Cutts 1988, Towner 1989]. This result, 

therefore, does not conflict with the fact that the 

syntactic output and confidence measures were not signi

ficant . 

6.2 Analysis of Hypothesis Outcomes: Manual 

versus Automated 

One ERC member in the new experiment gave consistently 

lower ratings for all criteria. Although a university 

professor, he is also a part time consultant. This rater 

was an ERC member for the original experiment. During the 

six years between the two experiments, he did not tech 

IDEFO but used it extensively in industry. It was evident 

that he was applying industry standards rather than normal 

student grading standards. Since he evaluated both 

treatment groups, the ratings discrepancies were incon

sequential for the Excelerator versus COINS comparison. 

There is, however, a significant impact on the manual 
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versus automated results (see Table 6.1). It was decided 

to use results with only two raters for the following 

reasons: 

1. It appears that the manual results reflected the 

majority opinion and that this rater was not equally 

represented. 

2. There was a high degree of consistency among the 

relative scores of the third rater and the other two. 

3. Using all raters, three out of four ERC hypotheses 

would be significant in favor of manual at the .10 level. 

Semantic correctness and completeness would be highly 

significant. As part of each class students were given 

both manual and CASE tool assignments. As an addendum to 

the Analyst Response Questionnaire students provided 

written comments. Their reactions to the CASE tool did not 

indicate a lack of confidence in the CASE tool output 

versus manual that would be consistent with such results. 

Using only two ERC members none of the manual versus 

automated hypotheses were significant. It appeared that 

students experienced a certain degree of frustration in 

learning and drawing with the CASE tool, especially with 

Excelerator. 

The power was not calculable when manual is compared to 

automated within technique. No conclusions can, therefore, 

be drawn. The mean of the semantic correctness and 

completeness scores is higher for COINS than for IDEFO. 
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Possibly an increase in the sample size of manual IDEFO 

users would cause this hypothesis to be significant. 

L^—Comparison of Conclusions of Original 
and New Experiments 

Despite power considerations the complete reversal in 

characteristics of the two techniques should be noted. The 

study by Yadav et al. [1988] was published in the Communi-

cations of the ACM and, therefore, had a large audience. 

It was the only study of this type that had appeared in the 

literature. 

Tcible 6.2 is a comparison of experimental conclusions 

using original significance levels. It can no longer be 

assumed that DFD's are easier to learn and to draw. For 

ease of learning (Hypothesis 5) a complete reversal has 

taken place. Automation of IDEFO has given it a clear 

advantage with respect to learning the technique. It 

cannot be assumed that DFD's and IDEFO diagrams are equally 

powerful in the business domain. In the automated 

environment better semantic models were produced with IDEFO 

(Hypothesis 3). The COINS groups also produced models with 

more consistency in level of abstraction and detail and in 

viewpoint and purpose (Hypothesis 2). 

The results of the automated experiment should take 

precedence over the manual for the following reasons: 

1. The sample sizes and power were much higher; and 
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Table 6.2: Original versus New Experiment 

HI 
H2 
H3 
H4 
H4a 
H4b 
H4C 
H5 
H6 
H7 
H8 
H9 
HlO 
Hll 
H12 

Original 

o< = 

p 

.317 

.306 

.717 

.315 

.630 

.073° 

.048° 

.810 

.420 

.630 

.540 

.072° 

.630 

= .05 

RESULT 

ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 

ACCEPT 
REJECT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 
ACCEPT 

Excelerator 
vs. COINS 
o< = .05 

P 

.776^ 

.006^ 

.017^ 

.057 

.032^ 

.046^ 

.035^ 

.009^ 

.116 

.138 

.938^ 

.017^ 

.515 

.068 

.296 

RESULT 

ACCEPT 
REJECT 
REJECT 
ACCEPT 
REJECT 
REJECT 
REJECT 
REJECT 
ACCEPT 
ACCEPT 
ACCEPT 
REJECT 
ACCEPT 
ACCEPT 
ACCEPT 

° Favors DFD's 
^ Favors COINS 
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2. CASE tools are rapidly becoming the standard for 

large scale system development. 

6.4 Contributions and Limitations 

To the author's Icnowledge this has been the first 

controlled parallel study involving two CASE tools 

supporting different methodologies. There was a large 

amount of preparation required with many factors that 

needed to be addressed. Classes were structured to keep 

learning foremost. Level of student preparation was 

assured to be adequate for the task. CASE tool usage was 

scheduled and monitored with minimal computer support and 

no research funding. The experience was valuable in 

itself. 

The results of the experiment suggest there is a 

definite interaction between the CASE tool and technique: 

specifically, the CASE tool appears to make more rigid 

techniques easier to learn. The results also suggest a 

relationship between syntax and semantics for a rigid 

technique. When more support was available for the 

syntactic aspects of the development process the results 

from COINS improved. The higher flexibility ratings for 

COINS support the theory that less data-oriented techniques 

are more adaptable to different situations. 

This implication for businesses is that, when choosing 

a technique for automation, they should consider its 
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interaction with the CASE tool. They should not exclude 

rigid, rule-oriented techniques that appear to be difficult 

to learn and apply without a CASE tool. 

There are several limitations to the generalizability 

of the research findings. The problems with meta-analysis 

have been covered in previous sections. It cannot be 

assumed that Excelerator and COINS are representative of 

all CASE tools. The manual versus automated comparison had 

no power because of the small sample size in the manual 

experiment. 

The subjects of the manual experiment were graduate 

students; the automated used undergraduates. Having more 

experience, graduate students tend to produce better 

models. Adjusting their ratings according to the expected 

level of student performance may have been difficult for 

some ERC members. 

Very low ratings assigned by one ERC member can be 

explained by differences in background. One member was not 

involved with the original experiment. Although familiar 

with IDEFO diagrams, he had only limited experience 

evaluating them. He teaches DFD's to undergraduate 

Computer Science students. Another ERC member teaches both 

DFD's and IDEFO diagrams to graduate MIS students. The 

third rater is a consultant in IDEFO and teaches DFD's to 

both undergraduate and graduate students. Since his IDEFO 

experience is almost exclusively with industry, he applied 
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similar standards. For consistency he also applied high 

standards to the DFD's produced by Excelerator. In this 

situation background had a strong effect upon ERC ratings. 

6.5 Future Research 

This experiment was a major undertaking, and maximum 

use should be made of the data that is available. Per

formance can be correlated with test scores, choice of 

technique on tests, assignment and quiz grades, and amount 

of time spent on the tool. To check validity of the 

results, unbiased evaluators not familiar with the experi

ment should be obtained. These evaluators would not need 

to be familiar with both tools as were the ERC members. 

If different evaluators are chosen for COINS than for 

Excelerator they must have equivalent backgrounds. Other

wise their ratings will not be comparable. 

The syntactic aspects of learning were measured 

directly be Hypothesis 5. Semantic learning was indirectly 

measured by Hypotheses 3 and 4. Direct measurement of 

semantic learning requires that a test over model contents 

be constructed. Such a test should be independent of 

technique. A significant difference in mean test scores 

will indicate that one CASE tool promotes learning more 

than the other. 

It will be almost impossible to locate two parallel 

groups in industry similar to those that were constructed 
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in this experiment. It is, therefore, necessary to develop 

a set of measurement criteria that are independent of the 

setting. It will be necessary to begin with the current 

criteria and build in factors related to time required, 

project difficulty, nature of the application, size of the 

application, analyst experience, etc. The objective will 

be to make the ratings as comparable as possible from one 

project to another. 

Incorporating these factors will require major modifi

cations to the Analyst Background Questionnaire and the 

Analyst Response Questionnaire. A flexibility question 

must also be added to the latter questionnaire to support 

final outcome flexibility measures. The questionnaire must 

be re-validated after any modifications. 

It is expected that future research will involve a wide 

variety of CASE tools will help to determine the limita

tions of each methodology with respect to automation. 

Acquiring a pool of data from both manual and automated 

situations will help to establish the basic values of CASE 

tools. 

105 



BIBLIOGRAPHY 

Banker, Rajiv D. and Kauffman, Robert J., "Reuse and 
Productivity in Integrated Computer-Aided Software 
Engineering: An Empirical Study," MIS Ouarterly. 
Vol. 15, No. 3, September 1991, pp. 375-401. 

Baroudi, Jack J. and Orlikowski, Wanda J., "The Problem of 
Statistical Power in MIS Research," MIS Quarterly. 
Vol. 13, No. 2, March 1989, pp. 87-106. 

Benbasat, I.; Goldstein, D.K.; and Mead, M. , "The Case 
Research Strategy in Studies of Information Systems," 
MIS Quarterly. Vol. 11, No. 3, September 1987, 
pp. 369-386. 

Bowles, Adrion J., "A Note on the Yourdon Structured 
Method," ACM Sigsoft Software Engineering Notes. 
Vol. 15, No. 2, April 1990, p. 27. 

Bravoco, Ralph R. and Yadav, Surya B., "A Methodology to 
Model the Information Structure of the Organization," 
Journal of Systems and Software. Vol. 5, 1985, 
pp. 59-71. 

Bravoco, Ralph R. and Yadav, Surya B., "Requirement 
Definition Architecture - An Overview," Computers in 
Industry. Vol. 6, No. 4, April 1985, pp. 237-251. 

Brown, Bradley J., "Correctness is Not Congruent With 
Quality," ACM Sigsoft Software Engineering Notes. 
Vol. 15, No. 2, April 199 0, p. 27. 

Cameron, Jolm R., "An Overview of JSD, " IEEE Transactions 
on Software Engineering. Vol. SE-12, No. 2, 
February 1986, pp. 222-240. 

Carey, Jane M. and McCleod, Raymond, Jr., "Use of System 
Development Methodology and Tools," Journal of Systems 
Management. Vol. 41, No. 3, March 1988, pp. 30-35. 

Chantico Publishing Company, CASE: The Potential and 
Pitfalls. QED Information Services, Wellesley, 
Massachusetts, 1989. 

Checkland, P.B., "Techniques in 'Soft' Systems Practice 
Part 2: Building Conceptual Models," Journal of 
Applied Systems Analysis. Vol. 6, 1979, pp. 41-49. 

106 



Clark, Jon D., "Function vs. Data-Driven Methodologies: A 
Prescriptive Metric," ACM Siganft Software Engineering 
Notes, Vol. 15, No. 2, April 1990, p. 26. 

Cohen, J., "Approximate Power and Sample Size Determination 
for Common One-Sample and Two-Sample Hypothesis Tests," 
Ec^UCatiQn^l ah<;̂  psychological Measurement. Vol. 30, 
1970, pp. 811-831. 

Cohen, J., Statistical Power Analysis for the Behavioral 
Sc:vences, revised edition. Academic Press, New York, 
New York, 1977. 

Colter, Mel A., "A Comparative Examination of Systems 
Analysis Techniques," MIS Quarterly, vol. 8, No. l, 
March 1984, pp. 51-66. 

Computer Systems Advisers, POSE Overview, New Jersey, 1990. 

Cook, Thomas D. and Campbell, Donald T., Quasi-
Experimentation: Design & Analysis Issues for Field 
Settings. Houghton Miffin, Boston, Massachusetts, 1979. 

Cox, D-R., Planning of Experiments. Wiley Publication in 
Statistics, Shewhart, Walter A. and WiIks, Samuels S., 
eds., John Wiley & Sons, New York, New York, 1958, 
pp. 154-204. 

Cutter Information Corporation, "POSE (Picture-Oriented 
Software Engineering), Version 4.1," CASE Strategies. 
Vol. 2, No 7, 1990, pp. 1-8. 

Cutts, Geoff, "Structured Systems Analysis and Design 
Methodology,"Proceedings of the First European 
Conference on Information Technology for Organisational 
Systems. Athens, Greece, 1988, pp. 363-370. 

Demarco, T., Structured Analysis and System Specification. 
Prentice Hall, Englewood Cliffs, New Jersey, 1979. 

Dixon, Robert L., winning with CASE: Managing Modern 
Software Development. McGraw Hill, New York, New York, 
1992. 

Eclectic Solutions, "IDEFO: A Systems of Methods for 
Enterprise Engineering," Product Promotion, San Diego, 
California, 1990. 

Eclectic Solutions, "The COINS Family of Enterprise 
Engineering Products," Product Promotion, San Diego, 
California, 1990. 

107 



Essink, L.J.B., "A Conceptual Framework for Information 
Systems Development Methodologies," Information 
Technology for Organizational Systems. H. J. Bullinger 
et al., eds., Elsevier North-Holland, 1988, 
pp- 354-362. 

Evergreen CASE Tools, "EasyCASE Plus," Product Promotion, 
Redmond, Washington, 1990. 

Gane, Chris and Sarson, Trish, "Structured Methodology: 
What Have We Learned?" Computer World/EXTRA. Vol. 4, 
No. 38, September 17, 1980, pp- 52-57. 

Gane, Chris and Sarson, Trish, Structure Systems Analysis: 
Tools and Techniques. Prentice Hall, Englewood Cliffs, 
New Jersey, 1980. 

Godwin, Anthony N.; Gleeson, Joseph W.; and Gwillian, Dean, 
"An Assessment of the IDEF Notations as Descriptive 
Tools," Information Systems, vol. 14, No. l, 1989, 
pp. 13-28. 

Green, Harrison D., "Adapting CASE Tools for More Effective 
Learning, Journal of Educational Teclinology Systems. 
Vol. 19, No. 4, Spring 1991, pp. 291-298. 

Green, Harrison D-, "The Relationship Between the Activity 
and the Degree of Facilitation in a GDSS," Summarized 
in Proceedings of the 21st Annual Meeting of the 
Decision Sciences Institute. San Diego, California, 
November 1990. 

Hamburger, Sheldon, "Implementing CASE: A Practical 
Guide," Uniforum 199 0 Conference Proceedings. 
Washington, D.C., 1990, pp. 145-154. 

Hardy, Dale, "EasyCASE Plus, Evergreen CASE Tools," CASE 
Trends. Software Productivity Group, July-August 1990. 

Hoffnagle, G.F. and Beregi, W.E., "Automating the Software 
Development Process," IBM Systems Journal. Vol. 24, 
No. 1, 1985, pp. 102-120. 

Index Technology Corporation, Excelerator RTS Application 
Guide. Cambridge, Massachusetts, 1987. 

Jackson, M.A., and McCraken, D.D., "Life Cycle Concept 
Considered Harmful," ACM SIGSOFT Software Engineering 
Notes. April 1982, pp. 29-32. 

108 



Jackson, M.A., System Development. Prentice Hall 
International, London, 1983. 

Kendall, Philip c , "Meta-Analysis: On the Road to 
Synthesis of Knowledge?" Clinical Psychology Review. 
Vol.5, 1985, pp. 79-89. 

Kirk, Roger E., Experimental Design: Procedures for the 
PehavioraJ. sciences. Second Edition, Wadsworth 
Publishing, Belworth California, 1982. 

Kozar, Kenneth, "Adopting Systems Development Methods," 
Journal of Management Information Systems. Vol. 5, 
No. 4, Spring 1984, pp. 73-86. 

Leidner, Dorothy E. and Jarvenpaa, SirJcka L., "The 
Information Age Confronts Education: Case Studies on 
Electronic Classrooms," Information Systems Research. 
Vol. 4, No. 1, March 1993, pp. 24-54. 

Lempp, Peter and Lauber, Rudolph, "What Productivity 
Increases to Expect from a CASE Environment: A User 
Survey," Software Development: Computer Aided Software 
Engineering (CASE). Chikofsky, E.J., ed., IEEE Computer 
Society Press Technology Series, Washington, D.C., 
1989. 

Lundberg, M.; Goldkuhl, G.; and Nils son. A., Information 
Systems Development: A Systematic Approach. Prentice 
Hall, Englewood Cliffs, New Jersey, 1990. 

Mann, Robert I., "Incorporating Analyst/Designer Work
benches Into the Systems Analysis and Design 
Curriculum," Journal of Systems Management. Vol. 41, 
No. 6, June 1988, pp. 22-27. 

Marca, David A. and McGowan, Clement L., SADT: Structured 
Analysis and Design Technique. McGraw-Hill, New York, 
1988. 

Martin, Charles, "Determine to Be Specific," letter appear
ing in ACM Forum, Communications of the ACM. Vol. 32, 
No. 1, January 1989, p. 5. 

Martin, James, Information Engineering - Book I. Intro
duction. Prentice Hall, Englewood Cliffs, New Jersey, 
1989, pp. 29-55. 

Martin, James, Information Engineering - Book II. Planning 
and Analysis. Prentice Hall, Englewood Cliffs, New 
Jersey, 1990, pp. 147-181. 

109 



Mingers, J., "Comparing Conceptual Models and Data Flow 
Diagrams," Computer Journal, vol. 31, No. 4, 
August 1988, pp. 376-379. 

Murphy, J.S. and Balke, K. G., Software Diagramming. . .A New 
Design Paradigm. Ranade, J., ed., McGraw-Hill, 
New York, 1989. 

Necco, Charles R.; Tsai, Nancy w.; and Holgeson, Kreg w., 
"Current Usage of Case Software," Journal of Systems 
Management. Vol. 45, No. 2, May 1989, pp. 6-11. 

Norman, Ronald J. and Nunamaker, Jay F., "CASE Productivity 
Perceptions of Software Engineering Professionals," 
Communications of the ACM. Vol. 32, No. 9, September 
1989, pp. 1102-1108. 

Orr, K.T., Structured Requirements Definition. Ken Orr & 
Associates Inc., Topeka, Kansas, 1981. 

Parker, Tim, "A CASE Trio," Product Wrap-up, Computer 
Language. Vol. 8, No. 1, January 1991, pp. 73-86. 

Paulson, James Daniel, "Reasoning Tools to Support Systems 
Analysis and Design," Unpublished Ph.D. Dissertation, 
University of British Columbia, 1989. 

Ross, Douglas T., and Schoman, Kenneth E., "Structured 
Analysis for Requirements Definition," IEEE 
Transactions on Software Engineering. Vol. SE-3, No. 1, 
January 1977, pp. 6-15. 

Shevlin, Jeffrey L., "Evaluating Alternative Methods of 
Systems Analysis," Data Management. April 1983, 
pp. 22-25. 

Society for Information Management, "Developing CASE Tools: 
A Senior Management Perspective," Executive Summary. 
1990, pp. 7-8. 

Sodhi, Jag, Software Engineering: Methods. Management, and 
CASE Tools. Tab Books, McGraw-Hill, Blue Ridge Summit, 
PA, 1991. 

SoftTech, Inc., Integrated Computer-Aided Manufacturing 
(ICAM) Architecture Part II. Volume IV - Function 
Modeling Manual (IDEFO). Waltham, Massachusetts, 
June 1981. 

110 



Teague, Lavette C , Jr. and Pidgeon, Christopher W., struc
tured Analysis Methods for Computer Information 
Systems, Science Research Associates, 1985. 

Teichroew, Daniel and Hershey, Ernest A., "PSL/PSA: A 
Computer- Aided Technique for Structured Documentation 
and Analysis of Information Processing Systems," IEEE 
Transactions on Software Engineering, vol. SE-3, 
No. 1, January 1977, pp. 41-48. 

Towner, Larry E., CASE; Concepts and Applications. J. 
Ranade IBM Series, McGraw-Hill, New York, 1989. 

Warnier, J.D., Logical Construction of Systems. Van 
Nostrand Reinhold, New York, 1981. 

White, Kathy Brittain, "MIS Project Teams: An 
Investigation of Cognitive Style Implications," MIS 
Quarterly. Vol. 8, No. 2, June 1984, pp. 95-101. 

Windsor, John C , "Are Automated Tools Changing Systems 
Analysis and Design?" Journal of Systems Management. 
Vol. 39, No. 11, November 1986, pp. 28-32. 

Witkin, H.A.; Oltman, P.K; Raskin, E. and Karp, S.A., 
Manual for the Embedded Figures Test. Consulting Psy
chologists Press, Palo Alto, CA, I97i. 

Witkin, H.A., "Individual Differences in Ease of Perception 
of Embedded Figures," Journal of Personality. Vol. 19, 
pp. 1-15. 

Wood-Harper, A.T., "Comparison of Information Systems 
Definition Methodologies: An Action Research, 
Multiview Perspective," Unpublished Doctoral 
Dissertation, University of East Anglia, United 
Kingdom, 1989. 

Wood-Harper, A.T.; Antill, L.; and Avison, D.E., Informa
tion Systems Definition: the Multivjew Approach, 
Blackwell Scientific Publishers, Oxford, 1985. 

Yadav, Surya B, "Determining an Organization's Information 
Requirements: A State of the Art Survey," DATA BASE. 
Spring 1983, pp. 3-20. 

Yadav, Surya B.; Bravoco, Ralph R.; Chatfield, Akemi T.; 
and Rajkumar, T.J., "Comparison of Analysis Techniques 
for Information Requirement Determination," 
Communications of the ACM. Vol. 31, No. 9, September 
1988, pp. 1090-1097. 

Ill 



Yadav, Surya B.; Bravoco, Ralph R.; Chatfield, Akemi T.; 
and Rajkumar, T.J., "Comparison of Analysis Techniques 
for Information Requirement Determination," Working 
Paper, Texas Tech University, July 1986. 

Yeh, R.T., Araya, A., et al., "Software Requirements 
Engineering--A Perspective," Structured Software 
Development, State of the Art Report, Infotech, Intl., 
2, 1979. 

Yellen, Richard E., "Systems Analysts Performance Using 
CASE versus Manual Methods," Proceedings of the Twenty-
Third Annual Hawaii International Conference on System 
Sciences. 1990, Vol. IV, pp. 497-501. 

Yin, Robert K., Case Study Research: Design and Methods. 
Vol. 5, Sage Publications, Newbury Park, California, 
1989. 

Young, John W. and Kent, Henry, "Abstract Formulation of 
Data Processing Problems," Journal of Industrial Engi
neering. Nov.-Dec. 1958, pp. 471-479. 

Yourdon, Edward, Modem Structured Analysis. Yourdon Press, 
Englewood Cliffs, New Jersey, 1989, 

Zelkowitz, M.B.; Yeh, R.T.; Hamlet, R.C.; Gannon, J.D.; and 
Basili, V.R., "Software Engineering Practice in the 
U.S. and Japan," Computer. IEEE Computer Society, 
Vol. 17, No. 6, June 1984, pp. 57-65. 

112 



APPENDIX A 

INTRODUCTION TO DFD AND IDEFO TECHNIQUES 

WITH CASE TOOL FEATURES 

In this section are examples of DFD's and IDEFO 

diagrams, created by the CASE tools Excelerator and COINS. 

The first is a data flow diagram for Billing, which is 

diagram 5 in the XYZ medical clinic model. Diagram 5 is 

the fifth diagram at level 1. There are actually two 

diagrams above level l: Diagram 0 and the Context Diagram, 

The Context Diagram contains only one function. Diagram 0 

decomposes this single function into three or more 

functions. Diagram 5 is, therefore, a decomposition of 

function 5 in diagram 0. 

Functions, which are represented by circles, are 

operations performed on data. Their normal syntax is 

verb-noun, as in 5.2-Apply Payment. A possible variation 

is verb-adjective-noun, as in 5.1-Prepare Payment Form. 

Arrows represent flows of data in the indicated 

direction. The format of their labels is adjective-noun, 

with one or two adjectives. internal arrows can connect 

two functions. An example is payment receipt, which 

connects 5.1-Prepare Payment Form to 5.2-Apply Payment. 

External arrows originate or terminate outside the diagram 

Charge Slip, Patient Payment, Insurance Payment, and 

Patient Statement are external data flows. 
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Data stores are represented by two parallel lines. 

Their syntax is similar to that of data flows. They can 

represent either a file or a table. Normally they will 

have at least one input data flow and one output data flow. 

Omitting the label on an arrow connected to a data store 

implies that it conveys all of the information contained in 

the data store. The arrow which emanates from the data 

store Procedure Charges has an implied name. If only the 

procedure was retrieved, without the associated charges, 

the arrow would require a label. 

In the CASE tool Excelerator symbols are chosen from a 

menu on the left. Excelerator allows symbol sizes to be 

increased or decreased. Since the default sizes are not 

appropriate for every application, some adjustment is 

usually necessary. 

The analyst must determine the placement of symbols. 

Connections between symbols are made by clicking the mouse 

on the origin and destination. Excelerator can 

automatically choose the entry and exit points on the 

symbols and the path of the arrow. This feature frees the 

analyst from some of the tedium of drawing. 

To explode a functions to a lower level diagram, the 

analyst must first specify the type of explosion; it is 

also possible to explode to a Data Dictionary entry or 

another type of diagram or chart. 
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Excelerator has a level balancing feature which checks 

for inconsistencies between each parent and child diagram. 

The following two types of error situations are identified: 

1. The exploded function on the parent diagram has a 

data flow connection which does not appear on the child. 

2. There is an external data flow on the child that 

does not appear on the parent. 

On the IDEFO diagram there is essential information on 

both the bottom and top lines. Items which require 

explanation are the node and c-number on the bottom line 

and the status and context on the top line. The equivalent 

of the context diagram in DFD's is the A-0 diagram in 

IDEFO. The equivalent of diagram 0 is the AO diagram in 

IDEFO. Instead of being numbered diagram 1, 2, 3, etc., 

diagrams at level l are labeled Al, A2, A3, etc. Diagram 

Al-Register & Treat Patient is, therefore, the first 

diagram a level l. It is a decomposition of the box on the 

upper left of the parent diagram, which is the AO diagram. 

The c-number is the consecutive number of each 

particular diagram. Diagrams that have been replaced 

retain their original c-number for historical purposes. 

Explanatory diagrams and definition pages also have 

c-numbers. The c-number begins with the author's initials. 

On the top line the status of 'W' indicates that this is a 

working copy, which has not yet been approved. The context 

is the c-number of the parent diagram. 
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Arrows are logical relationships or constraints between 

functions. Arrows can be data, objects, or a mixture of 

these. The syntax rules for arrows and functions in DFD's 

also apply to the same constructs in IDEFO. 

Arrows that enter from the left are inputs. Those 

entering from the top are controls. Arrows that exit on 

the right are outputs. Arrows that either enter or exit on 

the bottom are mechanisms. As in DFD's arrows can be 

either external or internal. IDEFO allows splitting or 

branching of arrows. The second control entering Register 

Patient is A/R database, which is considered an aggregate 

arrow. Patient Eligibility, a component of A/R Database, 

branches into Examine Patient. 

Almost all external arrows are labeled with ICOM codes. 

ICOM is an abbreviation for Input-Output-Control-Mechanism. 

The ICOM code indicates the position of that arrow on the 

parent. C2-A/R Database is the second control entering the 

function Register & Treat Patient on the parent diagram. 

Functions are normally arranged from top-left to 

bottom-right in order of dominance. It is expected that 

most external input and control arrows will enter the 

top-left function; most external outputs should leave the 

bottom-right function. Most internal arrows should flow in 

the direction of top-left to bottom-right. 

The CASE tool COINS allows up to six functions per 

page. Functions are automatically placed diagonally and 
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the size of symbols cannot be changed. As with Excelerator 

functions can be rearranged without affecting connections. 

When a new model is created, the author name, model 

name, and type of model are supplied. Using this 

information, all of the descriptive data that appear at the 

bottom and top margins of the diagram is automatically 

generated. Any box can be exploded to a lower level. The 

default explosion type is to another diagram although there 

are other options available. The node number and title of 

the child diagram are automatically derived from the 

position and label of the exploded box. 

When a page is replaced the original is archived. For 

future reference the original keeps the same c-number. As 

with Excelerator connections are made with the mouse. 

Analysts control the points of entry and exit and the paths 

of the arrows. Frequent rearrangement is necessary to 

avoid diagram clutter. When an external arrow is created, 

the software automatically returns to the parent diagram so 

that the user can specify the corresponding arrow on the 

parent. This feature forces the analysts to keep the 

diagrams balanced as they are created, with Excelerator 

the analyst must make corrections to the diagrams after 

printing a report. 

In summary COINS offers less flexibility and fewer 

features than Excelerator but requires less skill on the 

part of the analyst to use it effectively. 

117 



OWvffSLIP 

MTIEMTrWCVT 

Figure A.l. Diagram 5 -- Billing 

118 



?? 

n 
ID 

CD 
O 

•7^ 

"A 

,_ o o 
• • 4 

TJ 
tti 

^ 
b 
p 
M 

. r 4 

c 

Q-i 
o 
O 

O 

o 
-f3 

n 

4' 

o 
o 
o o 
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APPENDIX B 

ANALYST BACKGROUND QUESTIONNAIRE 

Based on the results of this questionnaire each student 

received an experience rating from 0 to 10. This was a 

combined measure of the students' overall work experience 

and specific experience with Systems Analysis and CASE 

tools. Groups were assigned so as to balance experience 

factors within cognitive style categories. In some cases 

it was necessary to reassign groups because of schedule or 

personality conflicts. In no case, however, was it 

necessary to place two highly experienced or two inexperi

enced individuals in one group. 
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Analyst Background Questionnaire 

Name: 
Age: 
Sex : 

Degree working towards 

Highest degree to date 

Bachelors 
Masters 

(area ) 
(area ) 

The following questions relate to your experience with 
computers and employment. 

1. Have you been employed in a data processing / computer 
systems environment on a full time basis? 

YES NO 

If YES how many years of experience have you had ? 

2. Have you been employed in a data processing / computer 
systems environment on a part time basis? 

YES NO 

If YES how many years of experience have you had ? 

3. How much experience do you have developing computer 
programs / packages ? 

WORK EXPERIENCE 

1 2 
NO EXPERIENCE MODERATE 

6 7 
EXTENSIVE EXPERIENCE 

ACADEMIC EXPERIENCE 

1 2 
NO EXPERIENCE 

3 4 
MODERATE 

6 7 
EXTENSIVE EXPERIENCE 

4. The following questions relate to your experience the various 
phases of SYSTEMS ANALYSIS. Rate your experience by choosing a 
number from 1 through 7 with 1 being NO EXPERIENCE, 4 MODERATE 
EXPERIENCE, 7 EXTENSIVE EXPERIENCE. 

a) How much experience do you have with determining the NEEDS 
of a business organization? 

WORK EXPERIENCE ACADEMIC EXPERIENCE 
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b) How much experience do you have with determining the 
REQUIREMENTS of a system? 

WORK EXPERIENCE ACADEMIC EXPERIENCE 

c) How much experience do you have with SYSTEM DESIGN? 

WORK EXPERIENCE ACADEMIC EXPERIENCE 

d) How much experience do you have with SYSTEM IMPLEMENTATION? 

WORK EXPERIENCE ACADEMIC EXPERIENCE 

e) How much experience do you have with SYSTEM TESTING? 

WORK EXPERIENCE ACADEMIC EXPERIENCE 

f) How much experience do you have with MAINTAINING AND 
SUPPORTING a business system? 

WORK EXPERIENCE ACADEMIC EXPERIENCE 

5) How much experience do you have with systems analysis 
techniques like IDEF, DFD etc.? If familiar, name the technique 
you are familiar with and/or have experience with. 

Technique familiar * with 

WORK EXPERIENCE ACADEMIC EXPERIENCE 

6) How much experience do you have with CASE tools like 
Excelerator, COINS etc.? If familiar, name the CASE tool you 
are familiar with and/or have experience with. 

CASE tool familiar with 

WORK EXPERIENCE ACADEMIC EXPERIENCE 
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APPENDIX C 

ANALYST RESPONSE QUESTIONNAIRE 

This section contains the questionnaire that was 

administered to analysts after the conclusion of the four 

week project. Questions 1 through 12 provide measurement 

data for hypotheses 5 through 12 (see Section 5.5). 

Questions 13 through 18 check the degree of experimental 

control and will furnish data for future experimental 

analysis. 
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ANALYST RESPONSE QUESTIONNAIRE 

OBJECTIVE: This questionnaire was designed to assess how you 
felt about the systems analysis technique and CASE tool that you 
used for the Medical Clinic case (DFD/Excelerator or IDEFO/COINS) 

NAME: 

CASE TOOL USED 

INSTRUCTIONS: We are interested to find out how you felt about 
methods used to complete this project. 

Please indicate your response by circling the number which most 
closely corresponds to your feeling: 

1. Learning the syntactic rules was 

5 4 3 2 1 
I 1 1 1 1 

very easy easy medium hard very hard 

2. Drawing diagrams was conceptually 

5 4 3 2 1 

I i 1 Z^-. ' u 
very easy easy medium hard very hard 

3. Drawing diagrams was mechanically 

2 

very little little time- medium time- time- very time-
time-consuming consuming consuming consuming consuming 

4. Reading (or understanding) diagrams drawn by my teammate was 
conceptually 

5 4 3 2 1 

very easy easy medium hard very hard 

5. Reading (or understanding) diagrams drawn by my teammate was 
mechanically 

5 4 3 2 1 

I 1 1 i 1 
very little little time- medium time- time- very time-
time-consuming consuming consuming consuming consuming 

6. My overall confidence in the syntactic correctness (i.e., 
followed syntax rules) of my team's final models is 

100% 75% 50% 25% 0% 

^h- 1 1 1 1 
perfectly zero 
confident confidence 
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7. My overall confidence in the syntactic completeness (i.e., 
no missing arrows, labels, etc.) of my team's final models 
IS 

100% 75% 50% 25% 0% 

perfectly ^^o 
confident confidence 

8. My overall confidence in the semantic correctness (i.e., 
the fact that your model describes the entire process) of 
my team's final models is 

100% 75% 50% 25% 0% 

I 1 1 1 1 
perfectly zero 
confident confidence 

9. My overall confidence in the semantic completeness (i.e., 
identification of important functions and appropriate 
decomposition, etc.) of my team's final models is 

100% 75% 50% 25% 0% 

h— 1 1 1 i 
perfectly zero 
confident confidence 

10. The CASE tool / technique combination is useful to specify 
the requirement analysis. 

5 4 3 2 1 

. ""̂  ' ^~~- :r^ r̂  , 
strongly agree no opinion disagree strongly 
agree disagree 

11. The CASE tool / technique combination helped me communicate 
my understanding of the case to my teammate. 

5 4 3 2 1 

I 77^—^ 1 1T^ ' 
most definitely probably most 

definitely probably 
12. I would prefer to use the same CASE tool and technique in 

combination for future team project similar to the Medical 
Clinic case 

5 4 3 2 1 

f-7 1 ^—^ :r' 1 , 
strongly agree no opinion disagree strongly 
agree disagree 

13. If I had been given the choice of using DFD's or IDEFO 
diagrams without the support of a CASE tool, I would have 
chosen: 

5 4 3 2 1 
I 1 1 1 1 

DFD IDEFO 
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14. My teammate and I shared work equally. 

5 4 3 2 ^ 1 

I 1 1 1 1 
strongly agree no opinion disagree strongly 

agree disagree 

15. I served only as the reader of the models. 

5 4 3 2 1 

I 1 1 1 1 
strongly agree no opinion disagree strongly 

agree disagree 

16. I served mainly as the author of the models. 

5 4 3 2 1 

. ^"i ' ^~~- 7^ ri , 
strongly agree no opinion disagree strongly 
agree disagree 

17. I did most of the team's work myself. 
5 4 3 2 1 
I 1 1 1 1 

strongly agree no opinion disagree strongly 
agree disagree 

18. Any other comments about your experience in using the 
CASE tool and / or technique. 
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APPENDIX D 

ERC EVALUATION FORM 

Projects were graded anonymously and separately. The 

forms for both DFD's and IDEFO's correspond directly to the 

experimental criteria (Figure 5.1). Points were assigned 

according to the table of weights (Table 5.2). The 

original plan was to develop a detailed checklist to make 

the evaluation process more objective. Two problems with 

this approach were encountered. The first was that it is 

impossible to list all of the intricate factors that 

contribute the assessment of each criterion. The second 

was caused by the differences in the nature of DFD's and 

IDEFO. It would be very difficult to develop two parallel 

checklists based upon syntactical properties, when the two 

techniques are so divergent. This form is, therefore, 

simple but requires that the evaluator have a high degree 

of expertise. 
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IDEFO PROJECT EVALUATION FORM 01 

0 points => Does Not Meet the Criterion At All 
Maximum Points => Meets the Criterion Completely 

Syntactic 

A. Modeling Process 

1. Consistent level of abstraction 
and detail — 4 points. 
2. Consistent viewpoint and purpose 
— 2 points. 

B. Final Outcome 

1. Syntactic correctness and complete
ness of the model — 14 points. 

11 12 13 14 15 16 17 18 

11. Semantic 

A. Modeling Process 

1. Appropriate level of abstraction 
— 2 points. 
2. Proper viewpoint and purpose 
— 2 points. 
3. Type of decomposition — 2 points. 

4. Internal variation in semantic cor
rectness and completeness — 2 points 

B. Final Outcome 

1. Semantic correctness and complete
ness of the model — 14 points. 
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IDEFO PROJECT EVALUATION FORM #2 

0 points => Does Not Meet the Criterion At All 
Maximum Points => Meets the Criterion Completely 

19 110 111 112 113 114 lis 116 

Syntactic 

A. Modeling Process 

1. Consistent level of abstraction 
and detail — 4 points. 
2. Consistent viewpoint and purpose 
— 2 points. 

B. Final Outcome 

1. Syntactic correctness and complete
ness of the model — 14 points. 

II. Semantic 

A. Modeling Process 

1. Appropriate level of abstraction 
— 2 points. 
2. Proper viewpoint and purpose 
— 2 points. 
3. Type of decomposition — 2 points. 

4. Internal variation in semantic cor
rectness and completeness — 2 points 

B. Final Outcome 

1. Semantic correctness and complete
ness of the model — 14 points. 
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DFD PROJECT EVALUATION FORM #1 

0 points => Does Not Meet the Criterion At All 
Maximum Points => Meets the Criterion Completely 

D l D2 D3 D4 DS D6 D7 D8 

Syntactic 

A. Modeling Process 

1. Consistent level of abstraction 
and detail — 4 points. 
2. Consistent viewpoint and purpose 
— 2 points. 

B. Final Outcome 

1. Syntactic correctness and complete
ness of the model — 14 points. 

II. Semantic 

A. Modeling Process 

1. Appropriate level of abstraction 
— 2 points. 
2. Proper viewpoint and purpose 
— 2 points. 
3. Type of decomposition — 2 points. 

4. Internal variation in semantic cor
rectness and completeness — 2 points 

B. Final Outcome 

1. Semantic correctness and complete
ness of the model — 14 points. 
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DFD PROJECT EVALUATION FORM »2 

0 points => Does Not Meet the Criterion At All 
Maximum Points => Meets the Criterion Completely 

D9 DIO O i l D12 

Syntactic 

A. Modeling Process 

1. Consistent level of abstraction 
and detail — 4 points. 
2. Consistent viewpoint and purpose 
— 2 points. 

B. Final Outcome 

1. Syntactic correctness and complete
ness of the model — 14 points. 

II. Semantic 

A. Modeling Process 

1. Appropriate level of abstraction 
— 2 points. 
2. Proper viewpoint and purpose 
— 2 points. 
3. Type of decomposition — 2 points. 

4. Internal variation in semantic cor
rectness and completeness — 2 points 

B. Final Outcome 

1. Semantic correctness and complete
ness of the model — 14 points. 
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APPENDIX E 

XYZ MEDICAL CLINIC CASE 

The same case was given to all students who 

participated in the original experiment and to those who 

participated in the new experiment. Note that there are a 

few instances of poor grammar, numbers out of sequence, 

etc. So as to replicate the original experiment as closely 

as possible these mistakes were not corrected. In the 

original experimental design this case was judged to 

contain an appropriate amount of detail for a four week 

project. It challenges the student to think about 

different possibilities, but allows the student to solve it 

without acquiring additional information. 
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Spring '85 ISQS 7338 Systems Analysis & Design 
Dr. Yadav A Medical Clinic Case: 

A XYZ medical clinic is located in the city of Lubbock. The clinic has 
been in business for the past 4 years. It has grown to be one of the largest 
clinics in the area. As a result, its operation has expanded to a point where it 
is becoming hard to manage all the paper works due to the increase in the no. of 
patients. Doctors (physicians, Surgeons, etc.) are not sure if they have an 
accurate picture of their practice in terms of its day to day operations. 
Therefore they have hired you as a consultant to analyze their operations and 
produce a detailed documentation showing their requirements. This documentation 
should be in sufficient detail for a designer to design a computer based system 
to support the XYZ clinic. 

Clinic's major sources of income are patients and insurance cos. The whole 
operation revolves around patient visits. Most of the patients walk in without 
any appointments. XYZ clinic's activity can be broadly defined as: 

1. treating patients 
2. filing insurance claims 
3. sending statements to patients 
4. filing women's compensation reports 
6. recalling patients for repeat procedures 

In addition to above activities, doctors need to have access to patients' 
information as well as financial information. These activities are defined in 
detcfil below. 

Treatment of Patients: 

The following activities occur when a patient visits the clinic: 

1. New patient fills out a registration form providing personal infor
mation, doctor's name, insurance information and family information. 

2. The patient writes his/her name in the patient register. 

3. He is seen by the doctor. 

4. Doctor fills out a charge slip indicating: 

a. the diagnosis 
b. procedure(s) performed 
c. acceptance of assignment 
d. any adjustment 

5. the office clerk determines the charges for each procedure performed. 
6. the patient makes a full or partial payment towards the charges, which 

are noted down by the clerk. 

1 3 3 



Doctor's services are classified in terms of a set of procedures. Each 
procedure has a standard charge assigned to it. A procedure may be performed 
for several diagnoses or several procedures may be performed for a single 
diagnosis. Each diagnosis and each procedure has it own unique code called 
diagnosis code and procedure code respectively. This information is necessary 
because insurance cos. pay insurance claims by procedure and diagnosis codes. 

A registration form has space to fill among other things: 

1. patient's name and address and other 
personal information such as sex, date of birth, etc. 

2. family information 
3. insurance information (up to 4 ins. cos.) 
4. allergies 
5. reference 
6. doctor name or no. 

A charge slip form has space to include: 

1. date, charge-slip-no. 
2. admission and discharge date 
3. doctor no. (or name) 
4. patient's name 
5. procedures performed (up to 8) 
6. diagnoses (up to 4 for each procedure) 
7. treatments (up to 4 for each procedure) 
8. standard charges & total charges 

. 9. location and hospital name 
10. reason to visit. 

When a payment Is received, it is entered on a form which shows: 

1. patient's name and date 
2. doctor's name 
3. payment mode 
4. amount. 

All the payments are applied to charges in a chronological order unless 
specified otherwise. 

Filing Insurance Claims: 

At the end of each month (or twice every month) insurance claims are filed 
for e\/ery patient for assigned and/or non-assigned charges. Insurance claims 
should be filed separately for every doctor. The AMA standard insurance form is 
used to file claims. The system should have the ability to print copies of old 
forms. 

Sending Statements to Patients: 

Once or twice a month statements are printed and mailed to patients to 
their billing address. If there is more than one patient from the same family, 
only one statement is mailed. 
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The statement shows among other things: 

1. name and address 
2. date 
3. last statement amount 
4. family member name 
5. date of service 
6. service description 
7. old balance (for each serviceO 
8. charges, payments and adjustments (for each service) 
9. new balance (for each service) 

10. total balance due in four categories: (a) over 30 days, (b) over 60 
days, (c) over 90 days, and (d) total balance. 

Filing Workmen's Compensation Reports: 

The clinic files the so called surgeon's first and final report for 
patients who come for treatment and were injured on the job. No patient state
ment is mailed to these patients. Instead, the employer's insurance co. 
receives the bill. 

Keeping Track of Account Receivables and Payments: 

The clinic maintains a file where it keeps track of account receivables by 
physicians and by patients. These account receivables are updated as the 
payments are received. It is desirable to have several reports to keep track of 
the status of the business. These reports include: 

'1. account receivables by physicians 
2. account receivables by patients 
3. account receivables by insurance cos. 
4. payment by physicians 
5. payment by patients 
6. payments by Ins. cos. 
7. Account receivables summary report and payment summary report. 

In addition to the above reports, the clinic would like to have the ability 
to print out: 

1. ledgers for each or all patients 
2. a listing of patients 
3. a listing of procedures and diagnoses 
4. mailing labels for selected patients 
5. a listing of doctors in the clinic 
6. a listing of Insurance cos. 
7. a daily transaction summary 
8. a daily breakdown of charges by service and payments by payment-mode 

Query on Patient Accounts and Selection of Patients for Mailing: 

The clinic would like to have the ability to inquire about individual 
patient accounts by their social security no., birth date and last name. The 
inquiry would provide the patient no., name, home phone no., and family balance. 
In addition to this, the doctor should be able to get answers to queries such 
as: 
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1. Give me the medical history in terms of procedures, diagnoses and 
treatments for a patient. 

2. Give me all the patients who had a particular procedure performed 
during a certain period. 

3. Give me all the patients who had a particular diagnosis during a cer
tain period. 

4. Give me all the patients who had a particular treatment prescribed 
during a certain period. 

5. Give me all the patients whose balance is due for more than a given 
number of days. 

6. Give me all the patients whose balance is more than a given amount. 

The system should have the ability to select patients based on above 
queries for the purpose of printing mailing labels later on for mailing letters 
such as reminder letter. 

As an analyst your job is to analyze the medical clinic in order to specify 
users requirements. 
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APPENDIX F 

POWER COMPUTATIONS 

In a two factor experiment, the power is computed on 

each factor and the highest of the two is considered the 

experimental power. For the CASE tool comparison the two 

factors were technique and rater. For the manual versus 

automated comparison the only factor was mode. 

The approximate formula for the variable phi involves 

the ratio of an effect size measure to the mean scjuared 

error. Using phi in conjunction with the level of 

significance of the treatment and error effects, the power 

can be identified from the E-Table graphs. 

A large effect size is necessary to produce a high 

power. There were 12 DFD groups and 16 IDEFO groups. This 

makes the average sample size for the ERC evaluated 

hypotheses equal to 14. The Analyst Response Question

naires were completed by each individual student. The 

average sample size for the last 8 hypotheses was, there

fore, equal to 28. Even though the sample size was 

smaller, higher effect sizes caused the power for the ERC 

hypotheses to be higher. The power for the ERC hypotheses 

was 98 percent; the power for the analyst response hypothe

ses was 68 percent. These figures support the premise that 

the second set of hypothesis were supplementary and were 

not meant to be conclusive in and of themselves. 
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For the manual versus automated comparison no 

hypotheses were significant, and, therefore, no effect 

sizes that were large enough to yield a significant power. 

Adding technique as a factor, in addition to mode, did not 

make the power calculable. In the original experiment 

cognitive style was much more significant than technique. 

The power computed on cognitive style was approximately 50 

percent. Since cognitive style has been eliminated as a 

meaningful variable the power of the original experiment is 

also not calculable. At this point it is not possible to 

determine the degree of validity of the findings from these 

two sets of comparisons. 

If Analyst Background Questionnaire data were available 

from the original experiment, it might be possible to 

increase the power through statistical analysis. The 

denominator term in the power ratio is proportional to the 

mean squared error. Adding explanatory factors decreases 

the mean squared error. Factors such as level of 

experience, age, sex, etc. are candidates for inclusion in 

the models. For example, confidence in semantic 

correctness and completeness may partially depend upon the 

amount of previous exposure to these methodologies. If a 

factor is to be included in the model it must have a clear 

relationship to the outcomes, or it makes interpretation of 

the model too complex. 

138 



APPENDIX G 

JUSTIFICATION OF THE RESEARCH METHODOLOGY 

This section addresses the following research issues: 

1. Use of students as subjects as opposed to industry 

practitioners; 

2. The ERC as a reliable measurement instrument; and 

3. The viability of the case. 

With the exception of Yadav's et al. [1988] study, 

there is no precedent for using students in an extended 

study comparing systems analysis techniques. In most 

previous systems development research data is obtained by 

interviewing or surveying professionals. This is an 

indirect data collection method. The use of students as 

subjects is justified for the following reasons: 

1. Without a classroom setting it would be impossible 

to control experimental conditions and directly measure the 

output. 

2. This study was only concerned with the initial 

phases of CASE tool usage. 

3. The students were Junior and Senior MIS students, 

having an average of two years' experience in this field. 

They were almost at the level of beginning analysts. 

There is no direct precedent for using the ERC for 

measuring output. There is, however, some supporting 

evidence from a similar study. In Leidner and Jarvenpaa's 
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[1993] study of Computer Aided Instruction, outside 

evaluators were used instead of surveys of participants. 

The former were chosen as a more reliable source. Like the 

current study, Leidner and Jarvenpaa's was longitudinal, 

used students, involved and assigned case, and took place 

over three semesters. It was considered essential that the 

evaluators be familiar with the course content, in the 

Excelerator versus COINS study each of the ERC members has 

taught a class in systems analysis. Leidner and 

Jarvenpaa's study resulted in meaningful conclusions about 

the relative effectiveness of different Computer Aided 

Instruction tools. 

For the case study method to be appropriate, the 

research situation should meet the following conditions 

[Benbasat et al. 1987, p. 372]: 

1. It is impossible to study the phenomenon separate 

from the natural setting; 

2. It is not necessary to control or manipulate the 

subjects during the case study; and 

3. There is a weak theoretical basis for the 

phenomenon under consideration. 

The Excelerator versus COINS comparison meets each of 

these conditions as follows: 

1. The natural setting for a comparison of techniques 

is an actual case. Measurement in any other context would 

be superficial. 
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2. Once the case is assigned, classes are taught 

normally. The only control and manipulation occurs when 

groups are pre-selected and trained on one of the two CASE 

tools. 

3. Most of the research in this area is practitioner 

oriented, addressing only specific needs. There are very 

few comparable frameworks. The major purpose of this 

research was to test the framework. The fact that logical 

and consistent conclusions were produced tends to support 

the framework's validity. Although these conclusions can 

be useful to practitioners, more evidence is required to 

formulate a theory. This research, therefore, can be 

considered descriptive and exploratory. 

Either a single case or multiple cases can be justified 

with exploratory research [Benbasat et al. 1987, Yen 1989]. 

with the Excelerator versus COINS comparison, the major 

purpose was to observe the phenomena that occur in a 

typical student project. Adding another case would have 

introduced too many variables. 

A single case should be revelatory [Benbasat et al. 

1987, Yen 1989]. It should allow access to data that can 

be obtained in no other way. For the Excelerator versus 

COINS comparison it was necessary to simulate the actual 

Requirements Definition process without outside 

interference. 
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The XYZ Medical Clinic case is based on an actual 

clinic for which its author had performed Requirements 

Definition. Data in the case is supplied in raw form, as 

obtain from interviews with the personnel. The analysts 

must organize the data and develop a viable solution to 

meet the clinic's needs. 

The amount of detail in the case is sufficient for a 

four week project. To develop level one current logical 

diagrams, it is unnecessary for the analysts to gather 

information from an actual clinic. Doing so may have 

biased the results. Although the case does not cover all 

situations and possible constructs, there is no reason to 

believe that it was not adequate for exploratory research 
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