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ABSTRACT 

Integrated development environment products, 

called CASE technology by practitioners, are being 

purchased by enterprises to assist systems analysts with 

the an~lysis and design of information systems. Intuition 

suggests that these products increase analysts' 

productivity. 

This work surveys users of a commercially 

available CASE product. Ninety-one users from 47 

enterprises in the u.S. and Canada responded to the 

personal computer based survey. This work analyses the 

perceptions of the respondents in an attempt to determine 

productivity improvement over manual methods. using the 

perceptions of the respondents, the component parts of the 

CASE product were rank ordered in terms of improved 

productivity. In addition to this, a psychometric 

preference scaling method was used to interpret the 

relatedness of the component parts to each other, agair. 

based on the perceptions of the respondents. 

xiv 



CHAPTER 1 

INTRODUCTION 

A recent survey completed by 600 Fortune 1000 

companies throughout the u.s. reported the top twenty 

three issues facing Management Information Systems (MIS) 

managers. The top three issues all related to the 

strategic issues of aligning MIS with business goals, data 

utilization, and education of senior personnel. In the 

last three years, these three issues have risen from just 

barely inside the top ten issues to the three most 

important issues (Hartog and Herbert, 1986) and (Herbert 

and Hartog, 1986). 

The survey goes on to report that the fourth and 

fifth most pressing issues facing MIS managers are of a 

tactical nature, that of software development and 

productivity respectively. These two issues have 

consistently been in the top five most pressing issues 

facing MIS managers over the last four to five years. The 

article points out that the 1984 survey represents data 

collected during 1982-83. 

Software development (engineering) in the MIS 

domain is most often done within a systems development 

1 



life-cycle (SDLC) framework. The SDLC is the predominant 

foundation for measuring productivity within the MIS 

domain. The SDLC is a major debatable topic in the 

literature. The reader is referred to (Cotterman, et ale 

eds, 1981) for an in-depth look at systems analysis and 

design and the SDLC. The systems analyst has the major 

role of performing analysis and design functions within 

the SDLC, and as such is a significant influencing and 

contributing factor on software development and 

productivity. Some enterprises, most notably consulting 

firms, may use the title of consultant, information 

systems specialist, or systems/software engineer in lieu 

of systems analyst. 

2 

The following statistics should help to 

sUbstantiate why top MIS managers are ranking systems 

development and productivity in their top five concerns. 

In 1976 there were approximately 160,000 systems analysts 

in the u.S. (Money Magazine, 1980), and estimates indicate 

that this number has risen to almost a quarter of a 

million in 1986. Salaries for systems analysts have risen 

from a 1976 average of $17,000 to a 1986 average of 

$30,000 (Hodges, 1986). The number of systems analysts 

and their annual salaries combine to sUbstantiate Boehm's 
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projections of the hardware to software cost ratio nearing 

10:90 percent respectively (Boehm, 1976). 

Studies indicate that the software application 

growth rate in major MIS shops is anywhere from 25 to 40% 

per year. At the same time, the majority of enterprises 

have a significant application development backlog ranging 

from one to four years (Konsynski, 1984). 

Again, considering the above statistics, it is no 

wonder that MIS managers have consistently ranked software 

development and productivity in their top five concerns. 

As the generations of business information systems 

development methodologies progressed through the 1950's, 

60's, 70's, and now into the late 80's, increased 

productivity along with improved system quality have been 

the primary goals. The recognition, introduction and 

general embracing of the SDLe in the last 20 years has 

contributed significantly to the institutionalization of 

systems development. Along with the SDLe notion has come 

several methodologies that lend themselves to automation 

support. 

Perhaps the most notable methodology that is being 

supported by automated tools is the structured methodology 

and its many variants. Software vendors and consulting 

companies are selling these automated tools as an 
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integrated development environment (IDE) under the generic 

name of computer-aided software engineering (CASE). It is 

estimated that hundreds of large enterprise~ are using 

CASE products as part of their system building process 

with the intuition that "this is the way to go" for 

improved prod.u.ctiv:tty and system quality. Industry 

analysts are projecting the market for CASE products to 

grow to nearly $1 billion in 1990 (Betts, 1987) (Suydam, 

1987). 

companies selling CASE products are advertising 

that users of their products are reporting productivity 

improvements ranging from 30 percent all the way up to 300 

percent. These numbers are most often related to a 

project's completion time using CASE products versus an 

estimate to complete the same project doing it via manual 

methods. This researcher is not aware of any studies in 

the research literature identifying a project that has 

been subjected to rigorous research methods in order to 

sUbstantiate these productivity claims. 

This research is considered an initial effort to 

subject a project to rigorous research methods; however, 

less ambitious, preparatory research must be done in order 

to lay the foundation for such research. This research is 

based on two major premises. First, that CASE technology 
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does contribute positively to productivity. Second, and 

more importantly, it is hypothesized that systems analysts 

can identify, via their ordering preferences, the 

components of CASE products that they perceive as 

contributing the most to increasing their productivity 

over manual methods. 

In order to set the stage for that which follows, 

the first section of this chapter will discuss the nature 

of systems analysis activity. The following section will 

discuss the software engineering productivity issue. The 

third section will be to set and justify the focus for 

this research. The fourth section, which is the final 

stage setting step, is to identify the objectives for this 

research. Once this background has been p~ lided, the 

last section of this chapter will overview the research 

approach used, and outline the remainder of the 

dissertation. 

The Nature of Systems 
Analysis Activity 

A system is any set of interrelated, ~nteracting 

components that function together as an entity to achieve 

specific results (Powers, Adams, and Mills, 1984). The 

"systems approach" is a perspective - a way of identifying 

and viewing complex, interrelated functions as integral 
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elements of systems. For a thorough discussion of systems 

and the "systems approach" see (Churchman, 1968). Systems 

analysis is, therefore, the application of the systems 

approach to the study and solution of problems. Systems 

analysis, then, is a mental process - a way of thinking 

about a problem, analyzing its components, and structuring 

a solution. A systems analyst is a problem solving 

specialist who brings a systematic perspective to the 

analysis of information processing needs and the design, 

development, and implementation of computer-based 

solutions to these problems. 

vitalari and Dickson (1983) reported that almost 

80% of the systems analysts' problem solving activity is 

spent in behavior related to structuring the problem, that 

is, preparing the problem for solution. The remaining 20% 

of their time is spent in gathering information from 

various sources such as users, company files, and existing 

documentation. A systems analyst participates in at least 

five major phases during the process of developing and 

maintaining a computer-based information system as 

depicted in Table 1. Each of the listed phases is inter

dependent because the end product, the information system, 

is progressively developed through each phase. 



Table 1 

System Development Phases the 
Systems Analyst Participates in 

Adapted from (Vitalari, 1981) 
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========================================================== 

1. Information Requirements Determination (IRD): the set 
of activities which define the problem, establish the 
scope of the information system and determine the 
functional specifications of the information system. 

2. Systems Design - the set of activities in which the 
system designer specifies the hardware and software to 
realize the functional specification. 

3. System Implementation - the activities concerned with 
the testing and installation of the information system 
and training of its users. 

4. Systems Operation - the activities concerned with the 
operation, maintenance, and enhancement of the 
information system. 

5. Systems Evaluation - the activities which asses 
whether or not the operational system meets its stated 
objectives. 

========================================================== 
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Each of the above phases has a different set of 

objectives and several researchers have identified 

different skills as well as knowledge that are required 

for a systems analyst to successfully perform the 

activities of each phase (Guimareas, 1978), (Asenhurst, 

1972), (Couger, 1973). In the earlier phases the systems 

analyst dedicates a large amount of time to interfacing 

with the functional area managers and staff who will be 

the users of the information system thus interpersonal 

skills are highly visible and necessary for successful 

completion of these phases. In addition to this the 

systems analyst must possess knowledge about the 

enterprise and the functional area being analyzed. In the 

later phases the systems analyst makes extensive use of 

technical skills related to hardware and software. These 

skills play an important role in the successful 

implementation of the information system. 

In summary, the systems analysis activity is one 

which is very diverse thus demanding that the systems 

analyst be proficient in many skills, possess a diverse 

body of knowledge, and play many roles within the 

enterprise. The systems analyst must be a consultant, a 

high technology person, a change agent, an evaluator, and 

a conflict resolver. All of this points to the belief 
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that the systems analyst must be a problem solver and is a 

crucial part of the success or failure of an information 

systems development effort. 

The Software Engineering 
Productivity Issue 

As mentioned in the beginning of the chapter, 

software development (engineering) and productivity are of 

major concern to MIS managers. In personal communication 

with MIS practitioners from large enterprises, the 

researcher has been told that the software backlog can be 

as long as seven years but averages about three years. 

McLean (1979) identified several actions being taken by 

MIS managers to be more responsive to user needs, one 

being the introduction of tools to make the MIS staff more 

productive. Nunamaker and Konsynski (1981) state that 

several concepts have emerged as factors important in the 

successful development of application systems. They 

classify these concepts as: 1) definition techniques; 2) 

software engineering techniques; 3) system development 

approaches; and 4) development of pedagogical techniques 

in Information Systems curricula. 

Software engineering is concerned with the 

techniques and methodologies that are changing the 

activities of systems analysts from an art to an 



engineering task. Over the last 30 years software 

engineering has focused more on the software that is 

closest to the machine such as compilers, operating 

systems, and database management systems, but now is 

moving rapidly into the problem solving domain of the 

systems analyst. 

There continues to be several research projects 

investigating the automation of the application 

development process several of which are presented in 

Chapter 2. In addition to these research projects, 

several commercial software engineering products are 

available for purchase as MIS managers take action in an 

effort to address their concern for software development 

and productivity. 

Focus of the Research 

10 

with new CASE software engineering products coming 

on the market each month, a number of questions and issues 

surface in the minds of MIS managers as well as 

researchers. The list of questions/issues in Table 2, 

though not exhaustive but definitely representative, comes 

from this researcher's personal communications with other 

researchers and MIS practitioners. 
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Table 2 

MIS Practitioners CASE Product Questions/Issues 

========================================================== 

1. Do CASE products improve productivity? 

2. How much is productivity improved? 

3. Which CASE product functionality contributes the most 
to productivity increases? 

4. Does the use of a CASE product serve as a more 
effective communication medium for the project 
participants? 

5. Do system development standards improve with the use 
of CASE products? 

6. Is there a correlation between the scope of the 
project that uses the CASE product and how much 
productivity increases? 

7. Is there a correlation between the number of systems 
analysts working on a project that is using a CASE 
product and how much productivity increases? 

8. Do the productivity enhancements lead to an overall 
condensed information system development life-cycle? 

9. Does the use of a CASE product lead to higher quality 
software? 

10. What effect, if any, does the CASE product have on the 
analyst's problem solving (cognitive) processes? 

11. Which, if any, CASE product should be implemented in 
this MIS environment? 

12. How much will our investment in dollars and training 
time be to introduce CASE products? 

========================================================== 
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This research will specifically focus on 

question/issue numbers 3, 4 and 5. The researcher 

believes that productivity improvements are being realized 

and therefore is not investigating question number 1 at 

this time, and question/issue number 2 may be a future 

research issue. 

Although the focus of this research is narrow, it 

will serve as a foundation for future research on software 

engineering products and productivity. The researcher is 

focusing very specifically on the perceptions of systems 

analysts that use CASE products as they relate to 

productivity. The results of these perceptions will allow 

the researcher to make some inferences and observations 

about specific component parts of CASE products as well as 

the effectiveness of CASE products to enhance the 

communication and standardization aspect of information 

systems development efforts. 

~his researcher has chosen to investigate the 

following research questions because 1) there is a dearth 

of empirical research addressing CASE or IDE products, 2) 

the productivity issue during information systems 

develop:nent is of paramount concern, and 3) a long-term 

research program concerned with CASE/IDE products is being 

initi~ted by this researcher with this empirical research 



as an anchor. Specifically, the four research questions 

addressed by this dissertation are: 

1. Can systems analysts identify the component 
parts of CASE products that contribute the 
most to increasing their productivity over 
manual methods? 

2. Are there productivity improvements in the 
communication process during information 
systems development when CASE technology is 
employed? . 

3. Are there productivity improvements in the 
adherence to the enterprise's information 
systems development standards when CASE 
technology is employed? 
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4. Can inferences be drawn about the relationship 
of CASE component parts to each other? 

These four questions will be investigated using an 

empirical research approach and the results will be 

reported in this dissertation. 

Justification of the Research 

Most systems analysts have traditionally performed 

their job duties with minimal automated support. "Like 

the shoemaker whose children are without shoes, computer 

[professionals] have spent their time making life easier 

and more productive for everyone but themselves," says a 

MIS director of a very large insurance company (Wessel, 

1986) • 
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Text editors and word processors have been the 

mainstream automated support coupled with manual props 

such as flowcharting templates, screen and report layout 

forms, pencils, and erasures. In the last few years more 

of these systems analysts have been introduced to CASE 

technology which does for them what CAD/CAM/CAE is doing 

for designers and engineers in the manufacturing and 

engineering domains. 

As with any commercially available software or 

hardware product, the vendors promote their products in a 

manner that will attract purchasers. Advertisements for 

CASE products have emphasized productivity improvements 

between 30 and 300 percent. Konsynski (1984, pp. 7-8) 

points out the potential serious ramifications caused by 

lack of productivity improvements, and goes on to state 

that "Research in this area is sparse, but we can expect a 

productivity increase of no more than 25% through adoption 

of techniques that do not fundamentally change the 

development activity." 

It can be argued that CASE products fundamentally 

change the development activity. These products introduce 

a scientific aspect into the development process such as 

completeness and consistency checking and standardization 

and formalism. The software development process has been 
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traditionally characterized by the artistic and cognitive 

abilities of individuals to accomplish these same rigors. 

As the magnitude and scope of the information systems 

development project increases it becomes questionable 

whether human cognitive processes are capable of 

performing these tasks in an efficient and effective 

manner. The current generation of information systems, 

characterized by system integration, distribution and 

interactivity, are no doubt far more complex than those of 

the 1970's. Because of these characteristics a definite 

need exists to automate as much of the development life

cycle as possible. 

There is a dearth of empirical literature either 

supporting or disputing the productivity claims for CASE 

technology. The author's motivation and justification for 

this research comes primarily from the discussions he has 

had with MIS directors and managers who must make the 

decision to embrace current generation CASE technology or 

continue looking beyond these CASE products. These 

practitioners are requesting empirical research to give 

them guidance with this crucial decision. In addition to 

this, CASE product vendors have communicated with the 

author that their sales staff is consistently being asked 

by MIS practitioners to provide them with empirical 
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research. The author believes that this work will be a 

contribution to the minimal body of knowledge on CASE 

technology and productivity. 

Objectives of the Research 

Four research objectives flow from the perspective 

outlined in the previous two sections. The first 

objective is based upon the hypothesis that systems 

analysts can identify, via their ordering preferences, the 

component parts of CASE products that contribute the most 

to increasing their productivity over manual methods. 

Research Objective One: Investigate systems 
analysts' ordering preferences of specific CASE 
product components related to productivity. 

The null hypothesis for research objective one is 

that systems analysts cannot order their preferences of 

specific CASE product components as they relate to their 

productivity. 

Research objective one was inspired by several 

studies that investigated programmer productivity 

techniques and tools (Nowaczyk, 1984), (Wiedenbeck, 1985), 

(Jones, 1978), (Thadhani, 1984). Perhaps the most 

influential study for this work was (Hanson and Rosinski, 

1985) which used psychometric preference scaling methods 
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to suggest a priority ordering for programmer productivity 

tools. 

The second research objective focuses in 

particular on the hypothesis that there are productivity 

improvements in the communication process during 

information systems development when CASE technology is 

employed. 

Research Objective Two: Investigate, using systems 
analysts' preferences, whether there is a 
productivity improvement in the communication 
process during information systems development 
when CASE technology is employed. 

The null hypothesis for this research objective is 

that there is no productivity improvement in the 

communication process during information systems 

development when using CASE technology. 

Research objective two was inspired by the need 

for effective and efficient communication between the 

participants during the information systems development 

process as well as several research articles dealing with 

this issue (Guinan and Bostrom, 1986), (Cronan and Means, 

1984), (Cronan, 1984). 

The Organizational Behavior literature suggests 

that the lines of communication become more co~plex as the 

number of individuals are added to a group (project) 

(Thomas, 1963), (Shaw, 1981), (Wexley, 1984). Both 
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written and verbal communication are affected. An 

effective and efficient technique is needed to coordinate 

the system specification components as the various project 

members contribute to the project. Enforcement of 

enterprise standards, consistency and completeness, and 

elimination of redundancy all need to be addressed within 

the framework of communication. The communication 

process, both verbal and written, has an impact on 

productivity. It would be desirable to show through 

empirical research that -this impact is improved when using 

CASE technology. 

The third research objective is based on the 

hypothesis that there are productivity improvements in the 

adherence to the enterprise's information systems 

development standards when using CASE technology. 

Research Objective Three: Investigate whether 
there are productivity improvements in the 
adherence to the enterprise's information systems 
development standards when using a CASE product. 

The null hypothesis of research objective three 

states that there is no productivity improvement in the 

adherence to the enterprise's information systems 

development standards when using a CASE product. 

Research objective three was inspired by the need 

to conform to enterprise information systems development 
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standards. Each enterprise establishes its own standards 

for information systems development and these standards 

run along a continuum of very rigorous and structured to 

very relaxed and informal. Many enterprises allow project 

size (eg: number of team members and scope of the domain 

being developed) and significance to influence where a 

particular project will lie on the standards continuum. 

The rigorous enforcement of standards can have a 

significant impact on productivity during information 

systems development. It would be highly desirable to have 

a CASE product contribute to improving the productivity 

when adhering to the enterprise's standards. 

The fourth and final research objective is one of 

being able to draw inferences about the relationship of 

CASE component parts to each other using the perceptions 

of systems analysts as the means for this interpretation. 

Research Objective Four: Investigate the 
relationship of CASE component par·ts to each 
other. 

The fourth research objective is perhaps the most 

interesting part of this research for this researcher. In 

this empirical research survey, systems analysts will be 

indicating their perceived preference for one CASE 

component part over another CASE component part as most 

improving their productivity over manual methods. In 
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addition to this, they will be indicating their perceived 

similarity of pairs of CASE component parts on their 

individual productivity. 

The null hypothesis for research objective four is 

that there is no relationship between CASE component parts 

and systems analysts' productivity. Research objective 

four will be investigated using psychometric preference 

scaling methods. Chapter 3 includes a discussion of 

psychometric preference scaling methods and justifies the 

researcher's freedom to interpret the results and make 

inferences. 

Research Methodology Employed 

The research methodology employed by this 

researcher to investigate systems analyst perceptions of 

CASE product components and productivity is based upon 

methods used by psychologists, sociologists, 

anthropologists, economists, market researchers, and other 

educational researchers. Multidimensional scaling methods 

(MDS) researched primarily by Torgerson, Shepard, Kruskal, 

Carroll, and Young is utilized as the foundation for this 

research and is discussed in more detail in chapter 2. 

Hierarchical cluster techniques (Everitt, 1974), (Veldman, 

1967) are also employed in this study. 
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The following is a brief outline of the research 

methodology as the details of the research methodology are 

reported in chapter 3. Ninety-one subjects from 47 

enterprises from the u.s. and Canada volunteered to 

participate in the personal computer (PC) based survey. 

Subjects were users of a specific commercially available 

CASE product. Each enterprise was sent at least one 

diskette that contained the survey software and question 

database. The subjects were to execute the survey 

software, and after providing initial demographic 

information, answer 136 unique question pairs each 

followed by a repetitive question. The respondents could 

request help from the software and were allowed to make 

comments at the conclusion of the survey. The completed 

survey diskettes were mailed back to the researcher who 

analyzed the data using the MDS technique, hierarchical 

clustering, and other appropriate statistical measures. 

The results are reported in Chapter 4 of this work. 

Delimitations of the Research 

This research, being viewed by this researcher as 

a foundation for a long-term research program, has several 

delimitations: 
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1. This research is not attempting to investigate the 

amount of productivity improvement that is being realized 

by systems analysts when using CASE products. This issue 

is one the researcher believes should be addressed as part 

of a long-term research program, and one that should be 

addressed after this initial foundational research. 

2. This research is not attempting to investigate the 

relationship between systems analyst's problem solving 

behavior and the use of CASE products. 

3. This research is focusing primarily on enterprises 

that use the CASE product in support of the traditional 

systems development life-cycle or a modified life-cycle 

encompassing elements of prototyping. 

4. This research is not attempting to evaluate the 

merits or useability of the component parts of the CASE 

product used by the survey's respondents. 

5. This research is not proposing or developing any 

software solutions for improving the systems development 

process. 

6. Each of the survey's respondents is an actual user 

of the specific CASE product. However, it is possible 

that not all of the respondents have used all of the 

functions within the CASE product. This research is not 

distinguishing between respondents that have actually used 



each of the CASE product component parts (stimuli) and 

those respondents that have not actually used each of the 

component parts. The survey instrument asked the 

respondents for their perceptions (actual or otherwise) 

regarding the CASE product component parts (stimuli). 

Organization of the Dissertation 

The remainder of this dissertation contains four 

chapters. Chapter 2 acquaints the reader with previous 

research and literature relevant to systems analysis, 

software engineering, survey research methodology, and 

multidimensional scaling. Chapter 3 discusses the 

research methodology employed by the author for this study 

and describes the approaches used to evaluate the null 

hypotheses stated earlier in this chapter. It also 

presents the respondent's demographic information. 

Chapter 4 reports: 

1. The results of the test of the hypothesis 

regarding systems analyst's productivity 

perceptions when using CASE technology. 

2. The results of the test of the hypothesis 

regarding CASE product productivity impact on the 

communication process during information systems 

development. 
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3. The results of the test of the hypothesis 

regarding CASE product productivity impact on the 

adherence to enterprise information systems 

devalopment standards. 

4. The interpretations and inferences drawn from the 

respondent's perceptions of CASE product component 

similarity with respect to their productivity. 

Chapter 5 concludes with limitations of the research and 

implications of the findings for systems analysts, MIS 

practitioners, software engineering researchers, and 

software engineering vendors and suggests directions for 

continued research in this area. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

This chapter provides a review of the literature 

deemed most relevant to the underpinning of this current 

research. The review covers systems analysis methods, 

software engineering, survey based research and 

psychometric preference scaling methods. The chapter has 

five objectives: 

1. To provide a review of the scope and quality of 
the literature on systems analysis methods. 

2. To provide a review of the current state of the 
art in software engineering, and to provide a 
literature review on software engineering 
research. 

3. To provide a limited review of the survey based 
research methodology. 

4. To provide a selected review of the literature on 
psychometric preference scaling methods. 

5. To locate this research in the context of previous 
research. 

In order to accomplish these objectives the 

researcher felt it necessary to distinguish between 

systems analysis methods literature and software 

engineering literature, and also to separate these two 

discussions from the discussions on the survey based 
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research methodology and psychometric preference scaling 

methods. 

The chapter proceeds in the following way. 

section one reviews literature pertaining to systems 

analysis methods. section two reviews the textbook 

literature on systems analysis. section three reviews the 

system development methodology literature, and section 

four reviews the literature on the systems analyst. 

section five reviews the literature on software 

engineering research projects, and provides a review of 

the current state of the art in computer-aided software 

engineering products. section six provides a limited 

review of the survey based research methodology, and 

section seven reviews a very select, yet authoritative, 

population of psychometric preference scaling methods 

literature. The eighth and final section of this chapter 

concludes the literature review with a summary of the 

literature presented earlier in the chapter. 

Research in Systems 
Analysis Methods 

There has been a significant amount of literature 

about systems analysis techniques (Teichroew 1972), 

(Couger 1973, 1982), (Taggart 1975, 1977). Most of these 

articles include the systems analysis task as an integral 
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part of the systems development life cycle (SDLC), a term 

coined by Blumenthal during the late sixties (Blumenthal 

1969). 

The body of knowledge focused on systems analysis 

methods continues to expand at an ever increasing rate. 

Systems analysis, as an occupation, developed out of the 

occupation of machine accounting and office methods 

popular prior to 1954 (Vitalari, 1981). In 1954, the 

digital computer was used in the first business 

application, and the term systems analyst was found in the 

literature by 1960 (Vitalari, 1978). As may be expected, 

most of the literature relevant to systems analysis, and 

more specifically systems analysis methods, is 

nonempirical, however emerging literature is being 

directed towards reducing this imbalance. 

There have been several nonempirical surveys in 

the literature that investigate systems analysis and 

design methods. We will review several of the more cited 

surveys here. 

Couger's Survey 

Couger (1973), (Couger and Knapp, 1974), (Couger, 

Colter, and Knapp, 1982) presents a historical time line 

perspective of "business systems analysis techniques", 
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dividing the techniques into generations of systems 

development methodologies. Furthermore, these 

methodologies are overlaid onto a historical time line of 

the generations of computer hardware. Table 3 is adapted 

from Couger's generations of system development techniques 

(Couger, Colter, Knapp, 1982). It is interesting to note 

that in all cases, with the exception of the fifth which 

is futuristic, the generations of software development 

techniques lag behind the "equivalent" generations of 

computer hardware. 

Over 30 system development techniques were 

reviewed in the Couger survey and ranged from precomputer 

techniques such as process flow charts to futuristic 

techniques such as system planning model and ISDOS. 

It appears that Couger divided the generations of 

software development techniques along two dimensions. The 

first dimension considers how much the computer is 

utilized to support the technique. For example, the 

precomputer and first generation techniques do not utilize 

the computer at all, while the fourth and fifth generation 

techniques most often place heavy emphasis on computer 

support for the technique. The PLEXSYS and IDSOS projects 

rely heavily on computer support due to the scope and 

complexity of their domain. 



Table 3 
Adaptation of Couger's Generations of 

System Development Techniques 
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========================================================== 
Precomputer techniques (pre-1950): 

Process flow chart 
Multi-column process flow chart 
Forms flow chart 
Modified forms flow chart 
Punched card machine process/operations flow chart 

and board wiring diagram 
First generation techniques (1950 - 1960): 

System flow chart 
Flow diagram 
Information Process Charts (IPC) 
~P 

Second generation techniques (1960 - 1970): 
Gridcharting 
Business Info. Systems Analysis and Design (BISAD) 
Decision Table 
study Organization Plan (SOP) 
Accurately Defined Systems (ADS) 
Information Algebra 
Young/Kent methodology (Abstract Formulation) 
Langefors methodology 

Third generation techniques (1970 - 1980): 
Decision table processor 
Time Automated Grid (TAG) 
Automated ADS 
SYSTE~TICS 

Hoskyns system 
PSL/PSA 
SODA 

Fourth generation techniques (1980 - 1985): 
Business Study Plan (BSP) 
Business Info. Analysis and Integration Tech. (BIAIT) 
Business Information Characterization Study (BICS) 
PSL/PSA II 
System Requirements Engineering Methodology (SREM) 
Plexsys 
Structured systems analysis 
Structured Analysis and Design Technique (SADT) 
Structured design 

Fifth generation techniques (1985 - future): 
System planning model 
Information Systems Design optimization System (ISDOS) 

========================================================== 
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The second dimension is concerned with the scope 

and complexity of the technique. Early generation 

techniques were only capable of addressing a portion of 

the system development life-cycle, most notably those 

nearest the programming part of the life-cycle. As early 

as the second generation, techniques such as BISAD and SOP 

were being introduced that considered organizational 

structure thus gradually moving the technique's scope 

closer to the beginning of the development life-cycle. 

The fifth generation techniques currently being researched 

attempt to consider the entire system development life

cycle. 

Colter's Survey 

In response to the maturation of the "structured" 

revolution as a methodology (De Marco 1978), (Gane and 

Sarson 1979), (Yourdon 1979), (Page-Jones 1980), Colter 

authored a comparative examination of systems analysis 

techniques (Colter, 1984). In his paper, Colter ci.tes a 

void in the literature of any work which could aid in the 

integration of the various analysis methodologies, and 

states that competing analysis techniques are not clearly 

understood by many practicing professionals. 
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In addition to this, he states "many 

professionals, particularly the younger members of the 

industry, do not have sufficient perspective to recognize 

the relative contributions of the old and new approaches" 

(p. 64). A review of Systems Analysis and Design text 

books currently being used in colleges and universities 

sUbstantiates this claim as many of them focus primarily 

on the structured analysis and design techniques (Davis, 

1983), (Powers, Adams, and Mills, 1984), (Adams, Powers, 

and Owles, 1985) f (Eliason, 1987), (Aktas, 1987), 

(Edwards, 1985), (FitzGerald and FitzGerald, 1987). 

Colter's work established dimensions for a 

comparative framework for analysis techniques. Table 4 

shows Colter's set of evaluative dimensions which 

represent issues stressed in the literature as being 

necessary for systems analysis. 

Colter concludes that no technique is individually 

sufficient, so a combination of techniques must be used, 

and software engineers that are building new or enhanced 

system analysis and design technique~ can learn from the 

past techniques. 



Table 4 

Colter's Dimensions for the Comparative 
Evaluation of Analysis Techniques 

=======================~===================== 

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. Communication Ability 

A. Communication to Users 

B. communication to Technical People 

9. Analysis Perspective 

A. Problem Orientation 

B. solution Orientation 

============================================= 
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Taggart and Tharpe's Survey 

Taggart and Tharpe (1977) reviewed 40 techniques 

that they called "management information requirements 

analysis (MIRA) techniques". In an earlier paper (Taggart 

and Tharpe, 1975) they identify a conceptual framework for 

the requirements analysis phase of MIS development, and in 

this paper they summarize and synthesize a list of ten 

aspects which they believe should be addressed by MIRA 

techniques. 

In addition to this, Taggart and Tharpe rated each 

technique on a three point scale as either 1) considering 

the aspect, 2) recognizing the aspect, or 3) giving 

significant treatment to the aspect. An interesting 

observation from the results shows that the highest 

overall average score by anyone technique was 2.3, and 

only four of the techniques received an average score of 

over 2.0. 

In addition to this observation, it is interesting 

to note that there is little intersection between the 

group of techniques studied by Couger and by Taggart and 

Tharpe. The only ones mentioned in both surveys are SOP, 

Langefors methodology, and the IDSOS project. 

Ramamoorthy and So's Survey 
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Ramamoorthy and So (1978) reviewed 36 "techniques, 

languages and methodologies ••. for the specification of 

software throughout all phases of the development from the 

early conception stage to the final detailed design 

stage." The techniques were classified by their use in 

the stages of the system development life cycle. Table 5 

presents their six classifications and the number of 

techniques found in each classification. 

This review covers most of the techniques 

identified by Couger as fitting into second through fifth 

generation techniques. Some of the techniques discussed 

by Ramamoorthy and So were still in development or have 

unknown status at the time of their survey. 

Partsch and Steinbruggen's Survey 

Partsch and Steinbruggen (1983) surveyed 23 

"program transformation systems." Their classification 

framework is listed in Table 6. 

These "transformation systems", which are at the 

opposite end of the spectrum from the MIRA techniques of 

Taggart and Tharpe, are concerned with environments that 

allow designers to state software specifications at an 

increasingly nonprocedural level. They also have 

automated transforms produce the next level of procedural 



Table 5 

Ramamoorthy and So's Classifications 

================================================= 
Classification 

System requirements (overall 
needs and objectives) 

Data processing subsystem 
requirements 

Software architecture 
specification - Data 
dominant systems 

Software architecture 
specification - Control 
dominant systems 

Detailed software design 
specification - Sequential 
processes 

Detailed software design 
specification - Data types 

Number of techniques 

4 

5 

14 

7 

4 

2 

==========================================~====== 
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Table 6 

Partsch and Steinbruggen Classification 
=====:==================================================== 
Intentions of transformational programming 

Fixed specifications or iterative refinement 

General support of program moddification or program 
synthesis or program adaptation 

Range of system support 

Interactive or batch oriented 

If interactive, the style of user interface 

Facility for documenting the development process 

Assessment of programs 

Organization and types of transforms 

catalog approach or generative set approach 

Forms of transformation rules 

Procedural rules 

Schematic rules 

Pattern replacement rules 

Implementation rules 

Performance of the transformation process 

Fully automatic or not 

Languages 

Specification languages 

Programming languages 

Range of applicability 
========================================================= 
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statement, for example FORTRAN source code. This survey 

looks at an artificial intelligence influenced approach of 

a concept that has been suggested by such techniques as 

TAG, Hoskyns System, and the ISDOS Project. 

Survey Summary 

These surveys collectively point out the wide 

variation of system development techniques found in the 

literature, as well as the many ways researchers choose to 

taxonomize the techniques. From this body of survey 

research one can see several comparisons of various 

techniques. None of these surveys attempted to discuss 

the productivity relationship between the systems analyst 

and the use of the techniques, nor did they provide an 

adequate methodology to evaluate the techniques surveyed. 

In summary, in no instance can one determine the effect on 

system analyst productivity from these surveys. 

Textbook Literature in 
Systems Analysis 

Most of the textbook literature on systems 

analysis may be characterized as prescientific and 

nonempirical. Much of it is normative advocating 

particular methods, techniques, and philosophies of 

systems development. The review of the textbook 



literature is highly selective since it is the author's 

intent to simply give the reader a broad sense of the 

knowledge base for systems analysis. 

Textbooks provide one of the largest sources of 

literature on systems analysis. For examples see 

(Whitten, Bentley, and Ho, 1986), (Powers, Adams, and 

Mills, 1984), (Adams, Powers, and Owles, 1985), (Capron, 

1986), (FitzGerald and FitzGerald, 1987), (Wetherbe, 

1984), (Eliason, 1987), (Ostle, 1985). Most textbooks 

provide the basics of systems analysis attempting to 

transfer a minimum level of competence to the student. 
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The "basics" usually consist of a list of phases and 

activities that make up the systems development life cycle 

with a description, some techniques, sample forms, and 

guidelines. Most systems analysis courses use the 

textbook in conjunction with lecture and a case project. 

The student is expected to develop the appropriate task 

behavior through a process of trial and error in the 

classroom setting. 

The problem with the textbook literature is that 

it rarely goes beyond the basic levels of proficiency. 

None of the textbooks reviewed addresses the issue of 

systems analyst productivity. The student is led to 
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believe that the techniques presented in the classroom are 

the most progressive available to the systems analyst. 

System Development 
Methodology Literature 

Quite possibly one of the most energetic areas of 

writing has been on systems development methodologies. 

Refer to the survey reviews earlier in this chapter for a 

review of techniques and methodology surveys. For 

additional literature on comparative reviews and feature 

analysis see (Olle, Sol, and Verrijn-Stuart, 1982) and 

(Olle, Sol, and Tully, 1983) respectively. In addition to 

these see (Vitalari, 1984) for a critical assessment of 

structured analysis methods. A system development 

methodology is a detailed list of phases, activities and 

output specifications for analysts to follow in the course 

of developing information systems (Vitalari, 1981). Some 

of the commercial methodologies such as STRADIS, SPECTRUM 

or DSDD have elaborate activity structures and supporting 

documentation. certain organizations such as Arthur 

Anderson, James Martin Associates, Inc. and Arthur Young 

have developed their own development methodologies. The 

basic outline of a system development methodology is 

illustrated in Table 7. 



Table 7 

The Information System Development Life Cycle 
(Powers, Adams, Mills, 1984) 

============================================= 

Investigation Phase 

Initial investigation 

Feasibility Study 

Analysis and General Design Phase 

Existing system review 

New system requirements 

New system design 

Implementation and installation planning 

Detailed design and implementation Phase 

Technical design 

Test specifications and planning 

Programming and testing 

User training 

System test 

Installation Phase 

File conversion 

System Installation 

Review Phase 

Development recap 

Post-implementation review 
============================================= 
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Proponents of development methodologies argue that 

the process of analysis is creative and that creative 

processes require discipline. Their belief is that a 

development methodology provides this discipline through a 

systematic structure that attempts to assure that the 

correct data have been collected and documented. Whether 

these structures are appropriate for maximizing systems 

analysts' productivity has not been investigated 

empirically. 

The most significant contribution of the 

development methodologies is the identification of a 

standardized set of phases, activities, and deliverables. 

However as in the case of the textbook literature they do 

not provide any insight as to the relationship of the 

activities to the systems analysts' productivity. 

Research on the 
Systems Analyst 

Much of the research on the systems analyst is 

empirical consisting primarily of field studies. For 

purposes of this review, the literature prior to 1981 will 

be summarized. The reader is directed to vitalari (1981) 

for an in-depth review of the literature prior to 1981. 

Literature occurring after this time will be reviewed in 

more detail. 
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vitalari (1981) classified the empirical research 

on the systems analyst as either 1) interpersonal behavior 

studies or 2) skill studies. He suggests that this first 

classification of studies examines the interpersonal 

dynamics which occur between the systems analyst and the 

users during the systems development effort. He goes on 

to suggest that the second classification of studies 

mainly identifies skills and correlates them with various 

dependent variables such as performance ratings or 

organizational maturity and explain the association with 

their implications for the practice of systems analysis. 

He concludes by stating " .. . the literature suggests that 

the systems analyst should have both behavioral and 

technical skills but a definite bias toward behavior 

skills is evident" (p. 44). 

Significant strides have been made in recent years 

to research the problem solving behavior aspects of the 

systems analyst. vitalari and Dic)cson (1983) conducted an 

experiment with 18 systems analysts using protocol 

analysis. For a thorough discussion of protocol analysis 

see (Vitalari, 1981), and for a discussion on a content 

analysis see (Salaway, 1984). Their research suggests 

five major types of behavior that permit high-rated 

analysts to outperform their colleagues: 



1. Analogical reasoning 

2. Planning, goal setting, and strategy formulation 

3. Hypothesis management 

4. Operative knowledge for the application of 

heuristic knowledge 

5. Problem facilitation 

Salaway (1984) investigated the effectiveness of 

user/analyst interactions using the Argyris and Schon 

organizational learning theory. Her research which used 

"a group of professional analysts and users" as subjects 

showed that: 

1. Current user/analyst interactions primarily 

display Argyris and Schon's Model I error-prone 

characteristics. 
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2. The intervention that was developed was successful 

in training users and analysts in Argyris and 

Schon's new Model II based methodology. 

3. The resulting user/analyst interactions display 

increased indicators of learning -- detection and 

correction of errors. 

Vitalari (1985) presented an emerging structure of 

the systems analyst knowledge base. This structure 

consisted of six categories: 

1. Core systems analysis domain knowledge 
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2. Organization specific knowledge 

3. Functional domain knowledge 

4. Application domain knowledge 

5. Knowledge of techniques and methods 

6. High-rated knowledge 

The findings of the study also suggested that the utility 

of system analysis knowledge and skills are dependent upon 

the task and the phase of systems development. 

Eliot (1985) investigated the problem solving 

behavior of expert and novice systems analysts, and 

examined the implications that these skills have for their 

selection, training, and use of system methodologies. The 

results of the investigation indicated the following: 

1. Systems analysts appear to divide requirements 

into two dimensions, organizational requirements 

and technical requirements. 

2. Expert systems analysts divided requirements into 

two dimensions with greater consistency and 

clarity than did novice analysts. 

3. Analogical problem solving can have an influence 

during requirements determination. 

4. Influence of analogies was more pronounced with 

novice systems analysts than with expert systems 

analysts. 
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Although quite robust in dealing with the problem 

solving aspects of the systems analyst, this body of 

literature does not directly address the systems analyst 

productivity issue. It is possible that readers may draw 

inferences about productivity from this research since its 

underlying premise may be something like "if we can 

identify the problem solving attributes of a good systems 

analyst, then we can select and train people who have a 

propensity towards these attributes thus productivity will 

be increased." 

Computer-Aided 
Software Engineering 

Software engineering for purposes of this review 

is considered the equivalent of the systems development 

life-cycle. Konsynski (1984, p. 18) states that "software 

engineering is concerned with the techniques and 

methodologies to change the activities of systems analysts 

from an art to an engineering task." He goes on to state 

that "the ultimate goal [of software engineering] is the 

formalization and automation of the system development 

process from the initial specification of user 

requirements to the testing, implementation, evaluation, 

and modification of the system after design" (p. 11). 

Case (1985) states that "software engineering is a 
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disciplined and rigorous application of methods, 

procedures and tools to the management and development of 

computer systems" (p. 39). Pressman (1982) views software 

engineering as basically being a conceptual framework for 

managing systems. 

Computer-aided software engineering (CASE) is a 

software environment that supports software engineering. 

It can be viewed as a specific implementation of the 

software engineering discipline. CASE, a term dating back 

to the early days of software engineering, is the term 

most often referred to by trade publications, textbooks, 

and MIS practitioners. Researchers tend to refer to the 

software engineering environment as an integrated 

development environment (IDE) (Newman, 1982), (Wasserman, 

1982), (Konsynski, 1984), (Konsynski, Kotteman, Nunamaker, 

and stott, 1984), (Hoffnagle and Beregi, 1985). 

Computer-oriented software development techniques 

originated in the 1950's, lagging hardware evolution by 

one generation (Couger, 1982, p. 9). These techniques 

were for the most part independent thus their 

implementation on the computer was disjoint. It wasn't 

until the mid-1960s that system development techniques 

began to make heavy use of the computer. Thus the third 

generation of system development teChniques emerged during 
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this time. Couger (1982) points out that there is about a 

10 year lag between the availability of a system 

development technique and wide scale (75%) adoption of the 

technique by MIS departments. A current example of this 

statement would be the acceptance of the structured 

methodology. This technique was introduced about 10 years 

ago, was being taught as the primary technique in 

university systems analysis and design courses about 5 

years ago, and now there is wide-scale use of the 

technique in MIS departments. 

The following sections review the literature on 

software engineering research projects, commercially 

available CASE product reviews, and software engineering 

survey based research respectively. 

Research Projects 

There continues to be many research projects 

investigating all or parts of CASE or IDEs. Once again, 

the researcher has selected some of the more recognized 

projects to review here. 

The Problem Statement Language and Problem 

Statement Analyzer (PSLjPSA) (Teichroew, 1974) and 

(Teichroew and Hershey, 1977) emerged from the research 

community in the early 1970's. This technique was "a 
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generalization of Information Algebra, TAG and ADS." In 

this same time frame, Systems optimization and Design 

Algorithm (SODA) (Nunamaker, 1971) emerged. SODA was a 

subject of PSL, designed as a vehicle for supplying a 

problem statement to a systems generator. PSL/SODA 

specified processes at a greater level of detail than did 

PSL, to develop precedence relationships in the process. 

The ISDOS project (Teichroew and Sayani, 1971) 

attempted to formalize the design process along the lines 

of the mathematical approaches pioneered by Langefors, 

Cross, Turnburke, and Martin. Use of this multilevel 

approach, where the decision variables at one level become 

constraints at the next level, makes feasible evaluation 

of a large variety of design strategies. 

The ambitious PLEXSYS project (Konsynski and 

Nunamaker, 1982), (Konsynski, Kotteman, Nunamaker, and 

stott, 1984) is rapidly moving towards an integrated 

development environment. It consists of five basic 

stages: 

1. Preliminary customization of the PLEXSYS-84 IDE 

2. IS Planning 

3. Information Processing Architecture (IPA) 

construction 

4. IS component requirements/design generation 
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5. IS implementation 

An integral part of PLEXSYS is its 

database/knowledgebase for storing ap~ manipulating 

symbolic knowledge and text. A language editor meta system 

is used to define forms which represent a nonprocedural 

language for target system descriptions, and an instance 

editor is provided that allows the definition of target 

system descriptions using the forms defined by the 

metasystem. One of PLEXSYS' analyzers is named Front End 

Planning System (FEPS) which is an uutomated extension of 

IBM's Business Systems Planning (BSP) methodology (IBM, 

1975) . 

PLEXPLAN (McIntyre, Konsynski, and Nunamaker, 

1986) extends the PLEXSYS capabilities into the strategic 

planning environment. PLEXPLAN is a knowledge-based 

planning system composed of seven major components: 

1. A Decision structure and Requirements Language 

2. The Session Generator 

3. The PLEXPLAN Knowledgebase 

4. PLEXSYS Knowledge Base Management Tools 

5. The Structural Analyzer 

6. The Decision Analyzer 

7. Various Planning Tools 
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PLEXPLAN attempts to integrate the enterprise strategic 

planning process with the information systems strategic 

planning process thus providing a knowledgebase that can 

be used in conjunction with building information systems. 

There are several other research projects that are 

investigating partial or complete CASE or IDE type 

software engineering environments. Table 8 lists several 

of these projects along with a reference. 

The author's review of this literature on software 

engineering environments reveals that very little is said 

about productivity. Elaborate architectures are proposed 

and sometimes implemented as prototypes, but productivity 

of the person using the software environment is almost 

always ignored. Once again, their underlying premise may 

be something like "if we can make the software engineering 

process a scientific discipline through automated support, 

then our systems analysts will be more productive." 

CASE product reviews 

This section presents an examination of a select few of 

the CASE products that are commercially available to 

assist the systems analyst in the system development 

process. An overview of CASE products is presented 

followed by a conceptual framework for a CASE product. 
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Table 8 

Research Projects for Software Engineering Environments 

========================================================= 

Proto system I (Ruth, 1978) 

MODEL (Prywes, 1977) 

SREM (Couger, et. el, 1982) 

STARS (Konsynski, 1984) 

SADT (Ross, 1977) 

CAPO (Karimi and Konsynski, 1983) 

CUBUS (Leighton, Sorenson, Tremblay, 1986) 

SARA (Estrin, 1978) 

TELL (Zilles and Hebalkar, 1980) 

USE (Wasserman, et aI, 1986) 

Psi Project (Frenkel, 1985) 

Chi Project (Frenkel, 1985) 

Programmer's Apprentice Project (Frenkel, 1985) 

Knowledge-Based Software Assistant (KBSA) (Frenkel, 1985) 

=~======================================================= 



The section concludes with a listing of a select few of 

the commercially available CASE products. 
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As the systems building process and resulting 

product continue to increase in complexity it becomes 

essential for systems analysts to have additional 

automated support for the various analysis and design 

functions performed by them. commercially available CASE 

products represent a class of tools aimed at bringing 

integrated automation capabilities to the systems analyst. 

Some of the early commercially available CASE products 

were Nastec Corporation's Graphitext and McDonnell-Douglas 

Automation Company's DFD-Draw. Claims were made that 

these products would enable sys·tems analysts to develop 

and modify specifications more rapidly than doing it 

manually. These products also provided the first 

opportunity for systems analysts to create structured 

specifications on-line. 

with the proliferation, de facto standardization, and 

cost/performance of the personal computer (PC), CASE 

product developers have targeted the PC as the systems 

analyst's workbench. Various disjointed automated 

workbench tools for PCs have been on the market and are 

being used in MIS departments. A new integrated 

generation of CASE products is emerging as software 
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engineering firms are responding to the demands of the 

marketplace. This new generation of CASE products is IDE

like. An IDE may be defined as a complete and unified set 

of concepts, techniques, and tools that covers the entire 

development process (Konsynski, et. aI, 1984). Currently 

available CASE products generally provide a subset of an 

IDE's functionality. 

with the help of CASE products, systems analysts 

are able to design new systems and make design changes to 

existing systems with more integrated automated support 

from the computer. This is a necessity as systems 

analysis becomes more of a science and less of an art. 

Proponents of commercially available CASE products 

cite at least three significant advantages that can be 

achieved when using a CASE product in support of a 

methodology: 

1. Uniformity among the design team during the 

analysis and design process. 

2. Ease of making changes during the various system 

development life cycle phases. 

3. An increase in analyst/project productivity. 

with respect to productivity, early indications 

report a reduction of 15% to 20% in initial specification 

time, and up to 60% reduction in documentation revision 
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time (Connor and Case, 1986). MIS managers in personal 

correspondence have reported as high as 30% overall 

project productivity improvements. The researcher must 

point out however that these statistics are not supported 

with research references in the literature. 

Table 9 shows the CASE products that are included 

in the review. The researcher selected these products 

based on their acceptance in the marketplace as well as 

the vendor's willingness to provide the researcher with 

information about the product. All products with the 

exception of SOFTWARE THROUGH PICTURES, which is available 

on a Sun, Apollo, or Vax computer, operate on the IBM PC 

family and compatibles. The retail price listed was as 

of August 1986 for the first copy of the software, however 

most vendors offer special pricing for academic versions 

or multiple copies of their CASE product. Table 10 

illustrates a taxonomy of functions provided by 

commercially available CASE products as well as showing 

which of the functions are included in the reviewed CASE 

products. The reader is directed to appendix B for a 

description of each of the functions included in the 

taxonomy. 
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Table 9 

Selected commercially Available CASE Products 
(Data current as of December, 1986) 

========================================================= 

System 
Name 

DesignAid 

Excelerator 

Software Through 
Pictures 

PCSA 

ProKit*ANALYST 

Analyst/Designer 
Toolkit 

Vendor 
Information 

Nastec Corp. 
24681 Northwestern Hwy. 
SouthfieJ.d; MI 48075 
313/353-3300 

Index Technology Corp. 
101 Main Street 
Cambridge, MA 02142 
617/491-2100 

Interactive Development 
Environments 

44 Monterey Blvd. #32 
San Francisco, CA 94131 
415/543-0900 

StructSoft, Inc. 
24 Homer st. 
Parsippany, NJ 07054 
201/292-9889 

McDonnell Douglas 
Professional Services 
P.O. Box 516 
st. Louis, MO 63166 
800/325-1087 

YOURDON 
Software Engineering Co. 
1501 Broadway 
New York, NY 10036 
212/391-2828 

Package 
Price 

$ 6,900.00 

$ 8,400.00 

$12,500.00 

$ 995.00 

$ 2,450.00 

$ 4,250.00 

========================================================= 
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Table 10 

Taxonomy of CASE Product Functions 
(Data current as of August 1986) 

========================================================== 
C1=DesignAid C2=Excelerator 
C4=PCSA C5=ProKit*ANALYST 

FUNCTION 

Project Management 

Screen Display: 
Color 
Monochrome 

Input Devices: 
Keyboard 
Mouse 

output Devices: 
Printer 
Plotter 

Menu Driven System: 

Tutorial: 
On-line 
Off-line 

Diagrams: 
Data Flow 
Data Flow/Real-Time 
Structure Charts 
Structure Diagrams 
Data Models 
Entity Relationships 
State Transition 
Presentation Graphics 

C3=Software Through Pictures 
C6=Analyst/Designer Toolkit 

C1 

*1 

Y 

Y 
Y 

Y 

Y 

Y 
Y 

Y 
Y 
Y 

Y 

C2 

Y 

Y 
Y 

Y 
Y 

Y 

Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 

Y 

C3 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

Y 

C4 

Y 

Y 
Y 

Y 

Y 

Y 

y 

C5 

Y 

Y 
Y 

Y 
Y 

Y 

Y 

Y 
Y 
Y 

C6 

Y 

Y 
Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 
Y 
Y 
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Table 10 

Taxonomy of CASE Product Functions - continued 

========================================================== 
Cl=DesignAid C2=Excelerator 
C4=PCSA C5=ProKit*ANALYST 

FUNCTION 

Diagram Manipulation/Viewing: 
Zoom in/out 
Scroll forward/back 
Rotate 

Data/Design Dictionary: 
Automatic Population 
Automatic Retrieval 
Import Facility 
Export Facility 

Local Consistency Checking: 
Variable Names 
Relationships 
Diagrams 
Decomposition 

Global Consistency Checking: 
Variable Names 
Relationships 
Diagrams 
Decomposition 

Occurrences Checking: 
Variables 
Relationships 

Modifications: 
Local change of 

variable names 
Global change of 

variable names 

File Nesting 

C3=Software Through Pictures 
C6=Analyst/Designer Toolkit 

Cl 

Y 

Y 
Y 
Y 
Y 

Y 

Y 

Y 

Y 

Y 
Y 

Y 

C2 

Y 
Y 

Y 
Y 

Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 

Y 

Y 

C3 

Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

C4 

Y 

Y 
Y 
Y 

Y 

Y 
Y 

Y 

Y 

Y 

Y 

Y 

C5 

Y 
Y 

Y 

Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 

Y 

Y 

C6 

Y 

Y 

Y 

Y 

Y 

Y 
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Table 10 

Taxonomy of CASE Product Functions - pontinued 

==============~=========================================== 

C1=DesignAid C2=Excelerator 
C4=PCSA C5=ProKit*ANALYST 

FUNCTION 

Report Generation: 
Integrated with the 

Data/Design Dictionary 
Cut and Paste Capability 
Word processor Integrated 

Record Layout Generation: 
Cobol 
Other 

Source Code Generation 

Host Interface 

LAN Support 

Test Data Verification 

C3=Software Through Pictures 
C6=Analyst/Designer Toolkit 

C1 

Y 

Y 

Y 

Y 

Y 

Y 

C2 

Y 
Y 
Y 

Y 
Y 

Y 

Y 

C3 C4 

Y Y 

Y 

C5 

y 
Y 

Y 

C6 

* 1 = LifeCycle Manager - a part of the CASE 2000 product 
========================================================== 



59 

Software Engineering Survey Based Research 

A survey directed at users of one specific CASE 

product was conducted in 1986 (Corkery, 1986) and received 

400 responses, representing a 16% return rate. The survey 

collected various demographic information such as 

industry, size of organization, size of project teams, 

types of projects where the CASE product is being used, 

how many hours each week the user uses the CASE product, 

CASE product tools most often used, strengths/weaknesses 

of the specific CASE product, and overall rating and 

perceived productivity gains. A copy of this survey is in 

appendix C. 

The most impressive conclusion from the survey is 

the productivity improvement experienced by the 

respondents. The article states that in both the analysis 

and design phases, respondents indicated that productivity 

improved by an average of over 30% using the CASE product. 

Table 11 illustrates the question from the survey that 

elicited the productivity response. For comparative 

purposes with the work in this dissertation, the 

researcher wants to point out that the survey's question, 

as shown in Table 11, does not distinguish between 

"manual" methods used during these SDLC phases and other 

"automated" methods. It appears that the survey's intent 
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Table 11 

Question from CASE Product Survey 

========================================================= 

By what percentage, if any, has [CASE product name] 

increased your productivity in the following portions of 

the system development life-cycle? 

Under Over 

10% 10% 20% 30% 40% 50% 50% 

Strategic Planning ( ( ( ( 

Feasibility ( ( ( ( ( 

Requirements ( ( ( ( ( 

Analysis ( ( ( ( ( ( 

Design ( ( ( ( ( ( ( 

Coding ( ( ( ( ( ( 

Testing ( ( ( ( ( ( ( 

Maintenance ( ( ( ( ( ( ( 

=======================================================~= 
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was to measure the productivity improvement, if any, when 

using the specific CASE product without regard for what 

manual o~' automated methods the respondents were using 

prior to their use of this CASE product. 

An automated tools product survey was conducted in 

early 1986 (Software Research Associates, 1986). Its 

purpose was to gather literature on commercial products, 

create a database of the information, and produce a report 

of the information. 

Selected Literature on the 
Survey Based Research Methodology 

There is an abundance of literature that addresses 

the survey based research methodology. For an in-depth 

review of the survey based research methodology the reader 

is directed to (Alreck and Settle, 1985), (Marsh, 1982), 

(Jolliffe, 1986), (Sonquist and Dunkelberg, 1977). The 

intent of this section is threefold: 

1. To provide an overview of the methodology. 

2. To identify the major threats to the verdicality 

of survey based research. 

3. To identify the measures for controlling these 

threats to verdicality. 

Alreck and Settle (1985) indicate that traditional 
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reasons: 
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1. The sponsor of the survey may want to influence or 

persuade some audience. 

2. The sponsor of the survey may want to create or 

modify some product or service for a particular 

public. 

3. The sponsor of the survey may focus directly on 

understanding or predicting human behavior or 

conditions because this is the focus of their 

academic or professional work. 

For purposes of this work, reason number three would be 

most appropriate. Sonquist and Dunkelberg (1977) identify 

four main goals or objectives of a survey: 

1. Testing hypotheses 

2. Evaluating programs 

3. Describing populations 

4. Building models of human behavior 

Again, for purposes of this work, objectives two and four 

appear to be most appropriate since the author's goal is 

to enhance the body of theoretical and conceptual 

knowledge of the systems analysis discipline. 

Marsh (1982) states that a survey refers to an 

investigation where: 
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1. Systematic measuremer.ts are made over a series of 

cases yielding a rectangle of data. 

2. The variables in the matrix are analyzed to see if 

they show any patterns. 

3. The subject matter is social. 

The only restriction made on the survey as a 

method of collecting data is to insist that it be 

systematic, looking at more than one case, be it 

individuals, enterprises, countries, or whatever, and 

measuring the same variables on each case, so that you end 

up with each case having one and only one code for each 

variable (Marsh, 1982). 

Data collection is a major concern in survey based 

research .. Personal interviewing, telephone interviewing, 

and direct mail are the three most widely used data 

collection techniques. However, one of the most common 

surveys in the U.S., the Neilsen ratings for television 

viewing, uses an electronic data collection technique. 

Table 12 shows Alreck and Settle's (1985) comparison of 

these three data collection techniques. 

The author's current work uses the direct mail 

data collection method. According to Table 12, the direct 

mail data collection method has the following positive 

attributes: 
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Table 12 

Comparison of Survey Data Collection Methods 

========================================================= 
Item Personal Telephone Mail 

Data collection costs High Medium Low 

Data collect. time required Medium Low High 

Sample size for a given budget Small Medium Large 

Data quantity per respondent High Medium Low 

Reaches widely dispersed sample No Maybe Yes 

Reaches special locations Yes Maybe No 

Interaction with respondents Yes Yes No 

Degree of interviewer bias High Medium None 

Severity of non-response bias Low Low High 

Presentation of visual stimuli Yes No Maybe 

Field worker training required Yes Yes No 

========================================================= 
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1. Data collection costs are low 

2. Large sample size for a given budget 

3. Reaches a widely dispersed sample 

4. No interviewer bias 

5. No field worker training required 

Nearly all surveys use some form of sampling. 

Sampling simply means taking part of some population to 

represent the whole population. The inverse of sampling 

is enumeration; counting the entire population. The 

census of the u.s. population conducted each decade is an 

example of enumeration. 

The major reason for sampling is economy. To 

survey every individual in a population using enumeration 

is ordinarily much too expensive in terms of time, money, 

and personnel. There is rarely a need to survey every 

individual in a population. Only a small fraction of the 

entire population ordinarily provides sufficient 

representation of the group as a whole and enough accuracy 

to base decisions on the results with confidence. 

Threats to the Verdicality 
of Survey Based Research 

Reliability and validity are the two main threats 

to the verdicality of survey based research. This section 



will discuss these two issues and the next section will 

discuss the measures used to control these threats. 

66 

As pointed out previously, sampling is extremely 

practical and economical, however it must be done 

correctly or it will introduce bias or error in the 

results. The sample must be selected properly, or it will 

not represent the whole. It must also be large enough to 

meet the requirements for reliability. Figure 1, adapted 

from Alreck and Settle (1985), illustrates the 

relationship between reliability and validity. In each of 

the four patterns shown, the "0" represents the actual 

average of some value among a whole population of people. 

The "x" in each pattern represents the averages that might 

be obtained from several measurements from sets of people 

in the same population. 

Reliability and validity depend in part on the 

sampling design used, however sampling is not the only 

procedure or factor that affects reliability and validity. 

It is important that these two concepts be discussed in 

general, as well as the specific impact that sampling has 

on them. 

Reliability means the freedom from random error. 

The greater the random error, the lower the reliability. 

Random error can occur as the result of "happening" to 
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RELIABILITY 

HIGH LOW 

I 
I x xx 
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------------------------I-------------------------
I xx x x 
I x x x 

o I x x x 
I 0 

xx x xx I 
x xx x I 

Figure 1. The Reliability/Validity Diagram 
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sample a particular group of people, and when it does it 

is referred to as "sampling error." But random error can 

result from other measurement factors, as well. For 

example, if a survey item used a term that was completely 

unfamiliar to many respondents, they would be likely to 

guess at the meaning, even though they had no idea what it 

really meant. They might give answers that were merely a 

random guess, and the reliability of the data for that 

item would be reduced. 

A survey is valid to the degree that it measures 

what and only what it is supposed to measure. To the 

degree that things other than those being measured affect 

the results by introducing a systematic bias, the results 

are less valid. 

Sampling error and sampling bias are both threats 

to a survey's reliability and validity. No sample is 

likely to produce results that are precisely the same as 

those for the entire population from which the sample was 

drawn. There is always some chance that those who are 

included in the sample are not perfectly representative of 

the whole population. If such differences between the 

sample data and the population data results purely by 

random chance, this is known as sampling error. 
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Sample selection bias occurs when there is a 

factor that alters the equal probability, by either 

increasing or decreasing it, that randomly selecting any 

one unit or type of unit from all units or types of units 

in the population. Some of the most common sampling 

selection biases are listed in Table 13 along with the 

suggested measures for controlling for the bias. 

Measures for controlling the 
Threats to Verdicality 

The most fundamental test of reliability is 

"repeatability"; the ability to get the same data values 

from several measurements made in a similar manner. 

Repeatability over time, over respondents and over samples 

are three measures for controlling reliability. For 

example, if a survey question obtained the same response, 

time after time, from one particular respondent who was 

asked that same question several times in one month, that 

would mean that there was high reliability over time. If 

the answers varied in a random pattern, the reliability 

over time would be low. If a sUL~ey item yielded the same 

data from one respondent to the next when they did, in 

fact, hold identical positions on the issue, that would 

indicate high reliability over respondents, and if there 

were random differences, reliability over respondents 
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Table 13 

Sample Selection Biases and Measurements for Control 

========================================================= 
Sample Selection Bias 

Visibility 

Order 

Accessibility 

Cluster 

Affinity 

Self-selection 

Non-response 

Measure for Controlling the Bias 

Be sure that lists of names are 
complete and that the selection 
system does not pick the more 
visible units at a higher rate 
than those which are more obscure. 

The selection routine must take 
into account any ordering in the 
population. The sequential order 
of the units must not be allowed 
to increase or decrease the 
probability that any particular 
unit or block of units are 
selected for the sample. 

Provide controls and incentives to 
insure that there will be no over 
or underrepresentation of some 
types of respondents. 

Provide controls to insure that 
each respondent is completely 
independent from all others. 

Provide a very precise 
specification of who is to be 
selected and contacted along with 
strict supervision of field 
workers. 

Remove the choice of participation 
from the selected respondents. 

Conduct a pretest or pilot study 
or use dual data collection 
methods. 

==============================~========================== 
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would be 1m-I. Similarly, if a survey yielded the same 

distributions of data from one sample of a given size to 

the next when they were drawn in the same way, there would 

be relatively low "sampling error" and high reliability 

over samples. 

Smaller samples are more likely to produce larger 

sampling errors than larger ones thus a controlling 

measure for this is to increase the size of the sample. 

For example, a sample of five people out of 10,000 would 

be expected to yield a larger sampling error (ie, that 

those sampled are quite different than the remaining 9,995 

people) than would a sample of 1,000 out of the same 

10,000. 

The random sample is the most desirable sample for 

a survey. The probability of anyone person being 

included in the sample is precisely equal to the 

probability of including any other individual. Such a 

sample has statistical properties that allow the 

researcher to make inferences about the population based 

on the results obtained from the sample. Random samples 

also permit the researcher to compute and report 

confidence intervals indicating the probability that the 

population average is within a certain range around the 

sample average. In addition to this, the researcher can 
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calculate and repor~ the-statistical significance of 

relationships between survey items, based on the 

probability that such relationships would result only from 

sampling error. 

There are several techniques for random selection. 

The Nth name sampling technique selects every "nth" name 

from a list, where n is calculated by dividing the number 

of units in the sample into the number on the list. 

Anoth~r technique, random number generators, use a 

computational routine to generate lists of random numbers. 

There are also tables of random numbers available to use. 

A fourth technique, used quite often in lotteries, is to 

blindly draw numbers from some physical container. Each 

of these techniques when used properly are acceptable 

methods for generating random samples. 

Table 13 illustrates some of the most common 

sample selection biases and the suggested measure(s) for 

controlling for the bias. Of the biases listed, non-

response is one that is difficult to completely avoid. A 

person's lack of response may be directly related to the 

survey issues or indirectly related via other issues such 

as too busy to respond. 

Selected Literature on Psychometric 
Preference Scaling Methods 
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This section is intended to present the reader 

with an overview of psychometric preference scaling 

methods since the author's current work uses the 

psychometric preference scaling method called 

multidimensional scaling (MDS). For a thorough discussion 

of psychometric preference scaling methods, and in 

particular multidimensional scaling, the reader is 

directed to (Torgerson, 1952 and 1958), (Shepard, 1980), 

(Kruskal and Wish, 1978), (Schiffman, Reynolds, and Young, 

1981), and (Romney, Shepard, and Nerlove, 1972). 

Psychometric preference scaling methods began in 

the late 1930's by a group of psychometricians and 

culminated in the 1952 development by Torgerson of the 

first fully workable method of metric multidimensional 

scaling (Torgerson, 1952), (Torgerson, 1958), (Shepard, 

1980). Psychometric scaling methods are used for 

measurements of mental traits, abilities and processes. 

The method is called "metric" because it requires 

psychological estimates of metric distances between the 

stimuli (Shepard, 1980). 

A problem encountered by researchers in many 

disciplines is how to measure and understand the 

relationships between objects when the underlying 

dimensions are not known. The rate of increase of human 
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understanding has depended on organizing concepts that 

allow us to systematize and compress large amounts of 

data. MDS can help systematize data in areas where 

organizing concepts and underlying dimensions are not well 

developed (Schiffman, Reynolds and Young, 1981). MDS is a 

useful mathematical tool that enables us to represent the 

similarities of objects spatially as in a map. The 

following example, from Kruskal and wish (1978), 

illustrates the MDS technique. 

Suppose yo~ are given a map showing the locations 
of several cities in the U.S., and are asked to 
construct a table of distances between these 
cities. It is a simple matter to fill in any 
entry in the table by measuring the distance 
between the cities with a ruler, and converting 
the ruler distance into the real distance by using 
the scale of the map (e.g. one cm. = 30 
Kilometers). Now consider the reverse problem, 
where you are given the table of distances between 
the cities, and are asked to produce the map. 
Geometric procedures are available for this 
purpose, but considerably more effort would be 
required. 

In essence, MDS is a method for solving the 

reverse problem illustrated above. The typical 

application of MDS, however, is much more complicated than 

this simple example would suggest. For one thing, the 

data usually contain considerable error, or "noise". For 

another, it is seldom known in advance whether a simple 



two-dimensional map will be adequate, or whether a map 

using three, or four, or even more dimensions is needed. 
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MDS, then, refers to a class of techniques that 

use proximities among any kind of objects as input. A 

proximity is a number which indicates how similar or how 

different two objects are, or are perceived to be, or any 

measure of this kind. The primary output is a spatial 

representation, consisting of a geometric configuration of 

points, as on a map. Each point in the configuration 

corresponds to one of the objects. This configuration 

reflects the "hidden structure" in the data, and often 

makes the data much easier to comprehend (Kruskal and 

Wish, 1978). 

Goodness-of-fit is a very important consideration 

in deciding how many dimensions are appropriate for the 

spatial configuration of the stimuli. A measure of fit 

vTidely used in MDS is "stress," which is the square root 

of a normalized residual sum of squares. Each stress 

value results from an iterative computational procedure in 

which the configuration is modified step by step to bring 

it into closer agreement with the data. High levels of 

stress (approaching 1.0) would indicate that convergence 

is incomplete while very low levels of stress, such as .01 

or less, would indicate a fully or partially degenerate 
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solution. The number of dimensions for the optimal 

solution is based on the stress value, and in addition to 

this, an empirical heuristic implying that there should be 

at least twice as many stimulus pairs as parameters to be 

estimated to assure an adequate degree of statistical 

stability (Kruskal and Wish, 1978). In other words, the 

number of stimuli minus one should be at least four times 

as great as the dimensionality. 

Interpretation of the spatial representation of 

the objects is determined by the researcher. The most 

common way of interpreting such a multidimensional 

solution is to look for lines in the space, possibly at 

right angles to each other, such that the 'stimuli 

projecting at opposite extremes of a line differ from each 

other in some easily describable way. The characteristics 

we discover in this way are seldom totally unsuspected or 

surprising, and they are usually part of a much longer 

list of characteristics which might just as plausibly have 

appeared. 

A commonly accepted and practical way of 

discovering the characteristics is by looking at the 

configuration and recalling what is known about the 

objects. This method has the following limitations and 

cautions: 
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1. All directions in the spatial configuration should 

be examined, not just the coordinate axes. 

2. It is quite difficult to examine all directions 

visually when the spatial configuration is in 

three or more directions. 

3. When an apparent relationship is found between 

some direction in the configuration and some 

characteristic of the stimuli, it is not always 

clear whether or not it is genuine. If the 

relationship is very strong, there will be no 

doubt, but if it is weaker, it is necessary to 

guard against the human tendency to find patterns 

whether or not they exist. 

While the above procedure for interpretation is quite 

practical, when we want to carry out such tests it is 

usually better and more convenient to determine the 

direction and carry out the procedure in a unified way 

which may be based on least squares linear regression. 

As has been presented, dimensional interpretation 

is the most common approach used in MDS along with the use 

of multiple regression to provide a statistically 

supported description of the major patterns in the data. 

Sometimes, however, structure can be observed in the 

multidimensional space in addition to or instead of that 
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provided by dimensional interpretation. Neighborhoods or 

regions of the space may have meaning. Guttman (1965) 

argued that a neighborhood or pattern approach is 

preferable to the traditional dimensional approach. One 

way to locate or interpret neighborhoods involves the 

application of hierarchical clustering (Ward l 1963, 

Veldman, 1967, and Everitt, 1974). The clusters can be 

drawn in the multidimensional space as loops around the 

relevant stimulus points. Once this is done, we can seek 

some characteristic common to the objects in a cluster. 

Usually this is done subjectively, as an act of creative 

interpretation. since MDS is almost always used as a 

descriptive model for representing and understanding the 

data, other considerations enter into decisions about the 

appropriate dimensionality such as interpretability, ease 

of use, and stability (Kruskal and Wish, 1978). 

As would be expected, MDS relies quite heavily on 

computer processing. Several MDS computer programs have 

been developed, some of the more widely used ones being 

ALSCAL, INDSCAL, KYST, and MINISSA. For an expanded list 

including literature references see (Schiffman, et. aI, 

1981, p. 56). ALSCAL, the computer program used by the 

author for this current work, is available from several 

sources: 



1. The Thurstone Psychometric Laboratory at the 

University of North Carolina at Chapel Hill. 
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2. As a module within the SAS software package. SAS 

is a registered trademark of SAS Institute Inc. 

Cary, North Carolina. 

3. As a module within the SPSS-X software package. 

SPSS-X (statistical Package for the Social 

Sciences - Extended) is a registered trademark of 

SPSS Inc. Chicago, Illinois. 

Chapter Summary 

This chapter has reviewed literature relevant to 

the pursuit of systems analysis as follows: 

1. Analysis methods 

2. Textbooks 

3. System development methodologies 

4. Systems analyst 

5. computer-Aided Software Engineering 

In addition it has also covered literature relevant to 

survey based research and psychometric preference scaling 

methods. Each of the areas reviewed have a direct bearing 

on the research objectives and research methodology in 

this study. 
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There was a growing concern as the researcher 

conducted the literature search on systems analysis and 

the systems analyst. The concern is that the researcher 

could not identify any body of literature that 

specifically addresses the systems analysts' productivity 

issue. The researcher did locate two unpublished papers 

written by practitioners addressing the productivity 

issue; however, neither of these papers were supported 

with scholarly journal citations and are therefore not 

included as part of the literature in this review. 

Although none of the referenced literature on 

systems analysis reviewed in this work focuses on 

productivity issues, it nonetheless is the domain that 

this study is investigating. Figure 2 shows the placement 

of this research in the context of the previous 

literature. As shown in Figure 2, this research also 

draws upon the survey methodology, psychometric preference 

scaling methods, and hierarchical clustering techniques 

for the approach to investigating CASE technology and 

systems analysts' productivity. The researcher believes 

that future studies in this area will draw upon the 

literature reviewed here. 



Systems Analysis 
Methods 

Textbook Literature 

System Development 
Methodologies 

Systems Analyst 

CASE Technology 
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Survey 
Methodology 

Research 
1 
1 
1 
1 

------------------- 1 

1 Research on 1 1 
1 CASE Technology 1-----

----------1 and 1 

1 systems Analyst 1-----
1 Productivity 1 1 
------------------- 1 

1 
Research on 
Psychometric 
Preference 

Scaling Methods 
and 

Hierarchical 
Clustering 
Techniques 

Figure 2. Supporting Literature for Research 
on CASE Technology and Systems 
Analysts' Productivity 



CHAPTER 3 

DESCRIPTION OF RESEARCH METHODOLOGY 

The purpose of this chapter is to describe the 

research methodology employed in this study and to provide 

the reader with demographic information pertaining to the 

research subjects. This research uses the survey 

methodology because a survey is one of only two methods 

known to the researcher to test a hypothesis about how the 

world works. The survey was designed to capture 

perceptions of the subject's productivity comparing the 

use of CASE technology to manual methods. The researcher 

chose a personal computer (PC) based survey instrument 

rather than the traditional paper based survey instrument 

for the following reasons: 

1. The intended subjects are comfortable working with 

keyboards and video monitors as part of their 

normal job duties. 

2. The large number of questions being asked of the 

sUbjects. 

3. The novelty of a PC-based survey may provide a 

higher response rate over the traditional paper 

survey. 
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4. The data capture and data input process would be 

combined, thus reducing the potential for data 

entry errors. 

For expository purposes the research methodology 

is broken down into five sections and discussed in the 

following order: 

1. Selection of research sites and sUbjects. 

2. Design of the PC-based survey instrument. 

3. Administration of the survey. 

4. Respondent demographic information. 

5. Chapter summary. 

Selection of Research 
Sites and Subjects 
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This section is divided into two parts, the first 

addressing the prototype PC-based survey and the second 

addressing the actual PC-based survey. 

The Prototype PC-based Survey 

A prototype of the PC-based survey was conducted 

at the 2nd Annual Excelerator's User Group (XL/GROUP) 

meeting in San Diego in September of 1986. Excelerator is 

an integrated Computer-Aided Software Engineering (CASE) 

product developed and marketed in several countries by 

Index Technology Corporation (INTECH) whose headquarters 



are in Cambridge, Massachusetts. Excelerator is a 

registered trademark of Index Technology corporation. 
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Over 400 individuals attended the conference, and 

INTECH senior management made several luncheon 

announcements asking individuals to participate in the 

prototype survey. 

On the first day of the conference, the researcher 

had two IBM compatible personal computers on a dedicated 

table inside the conference's demonstration room. After 

the first day the computers and table were moved into the 

corridor of the conference center near the information 

tables in order to draw more attention. The table had two 

large signs on it identifying the survey and its benefits 

to participants. Each computer monitor (one was color and 

one was monochrome) was displaying the beginning screen 

for the survey at all times while idle. A prospective 

respondent needed only to press a key on the keyboard to 

activate the survey. The researcher's primary incentive 

for participants was that they would receive a copy of the 

results. The results included information about the 

specific respondent as well as all respondents. 

A total of 28 subjects started the prototype 

survey and 17 of them completed it. Each of the 17 

subjects represented a different enterprise and each was 
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currently using the Excelerator CASE product. One of the 

17 subjects represented a university that used Excelerator 

in the classroom and the other 16 subjects were directly 

involved in using Excelerator to assist them in their 

duties of systems analysis and design. Of the eleven 

subjects that did not complete the survey, most indicated 

in the comments section of the survey that time did not 

allow them to complete the survey. The average response 

time to complete the entire survey was approximately 25 

minutes. 

In October 1986 each of the prototype survey 

participants, the 17 that completed the survey and the 11 

that did not, was mailed a "thank you" letter from the 

researcher. The letter sent to the respondents that 

completed the survey included a paragraph stating that an 

actual PC-based survey diskette would be mailed to them 

later in the year and emphasized the importance of their 

participation in the actual survey for survey validation 

reasons. 

In the same mailing, those subjects that completed 

the prototype survey were also sent an individual and 

group analysis of the prototype survey results as promised 

to them when they participated in the prototype survey. 



The PC-based Survey for this Study 

Site and subject selection for the survey was a 

seven step process: 

1. Mailing sent to the enterprises of the XL/GROUP 

user group requesting their participation in the 

survey. 
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2. Response by those enterprises willing to 

participate in the surveyor requesting additional 

information prior to consenting to participate. 

3. Mailing the survey diskette packets to those 

enterprises that responded positively to the 

initial mailing. 

4. Follow-up by telephone with the enterprises 

requesting additional information, and mailing the 

survey diskette packets to those enterprises that 

verbally agreed to participate. 

5. Completion of the PC-based survey by one or more 

respondent at the enterprise. 

6. Return of diskettes by participating enterprises. 

7. Follow-up by telephone with enterprises not 

returning diskettes by a certain date. 

with a few exceptions, step 7 above was repeated 

by the researcher until the diskettes were returned or the 

contact person at the enterprise indicated that the 
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diskette would not be returned for whatever reason. Each 

of the above steps is detailed in the Administration of 

the Survey section of this chapter. 

Design of the PC-based 
Survey Instrument 

A PC-based survey on programmer perceptions of 

productivity and programming tools (Hanson and Rosinski, 

1985) served as the primary model for this researcher's 

PC-based survey. Even though the subjects in the Hanson 

and Rosinski survey were programmers, this researcher 

believes that their model could be adapted to fit the 

needs for systems analyst's perceptions of productivity 

and CASE product components. 

This PC-based survey was designed to provide a 

rank ordering of the CASE product component parts as well 

as compare individual component parts to each other using 

appropriate statistical routines. In addition, this work 

illustrates the use of psychometric preference scaling 

methods to determine which CASE product components, from 

the point of view of the systems analyst \'lho uses the CASE 

product, would most favorably affect the task of systems 

analysis and design. A more detailed discussion of 

psychometric preference scaling methods is found in 

chapter 2. The reader may find it helpful to review the 
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survey's sample screen images, found in Appendix A, while 

reading through the remainder of this section. 

Both the prototype and actual PC-based survey 

started by asking for some basic demographic information 

about each subject and each subject's enterprise. The 

subjects could include their name as part of the 

demographic information, and was informed that the name 

would be kept confidential by the researcher. The 

researcher asked for the optional name in order to be able 

to contact an individual during data analysis if 

necessary. As anticipated, it became necessary to contact 

a few of the respondents to clarify one of their 

demographic selections. 

After completion of the demographic information, 

the subjects were presented with the first survey question 

which included one pair of the 17 items in the stimulus 

list. Table 14 lists the 17 stimulus items, and Appendix 

E gives the definition of each one. Upon responding to 

this first question, the subjects were given a second, 

habitual, question. This process of question one followed 

by habitual question two was then repeated 135 times in 

order to account for all possible combination pairs of the 

17 items in the stimulus list. In the event that the 

subjects had not used either of the pair of stimuli being 
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Table 14 

Survey stimulus Items (in alphabetical order) 

=================================================== 

1. Analysis -> Graph Analysis 
2. Analysis -> Entity List 
3. Analysis -> Report writer 
4. Data Dictionary 
5. Data Flow Diagram (Gane & Sarson, Yourdon) 
6. Entity/relationship data model (Chen or Merise) 
7. Excelerator works on both PC and mainframe 
8. Import and/or Export Facility 
9. LAN support 
10. Logical Data Model diagram (IBM) 
11. Presentation Graphics 
12. Project member's communication via Excelerator 
13. Project standardization 
14. Record Layout Generation 
15. Screen/Report Design 
16. Structure Charts (Constantine) 
17. Structure Diagrams (Jackson) 

=================================================== 
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presented, they were to select the stimulus item that they 

perceived would most improve their productivity over 

comparable manual methods. Figure 3 illustrates a sample 

of the first question, and Figure 4 illustrates the 

second, habitual, question. 

An initial stimulus list of generic 

functionalities was prepared from the most common 

functional components of six commercially available CASE 

products which included the most common structured 

methodology tools (Colter 1984), (DeMarco 1978), (Gane and 

Sarson 1979), (Wetherbe 1984), (Yourdon 1979). The 

researcher then mapped these functionalities into the 

available functions of Excelerator corning up with a 

revised stimulus list of 15 functionalities. In addition 

to the functionalities selected from the above sources, 

the researcher chose two additional stimulus items -

communication among project team members and 

standardization. The researcher selected these two 

stimuli based on the hypotheses and intuitions that CASE 

products significantly improve the quality of these two 

information system development aspects. 

The 136 stimulus item pairs were derived using 

software that accepted the 17 stimulus items as input 

along with a random "seed" number input by the researcher 



Of the following items which one most increases 
your productivity over manual methods: 

a. Data Flow Diagrams 
b. structure Charts 

Enter a or b ? 

Figure 3. Sample of the Survey's First Question 

Rate how similar these items are in their effect 
on your productivity (1-7, 7 = very different)? 

Enter 1 to 7 ? 

Figure 4. Sample of the Survey's Second, 
Habitual, Question 
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and randomly generated the 136 question pairs. This 

program also attempted to balance the question pairs so 

that each stimulus item would appear as item "a" the same 

number of times as it appeared as item "b", thus reducing 

the bias for the top item, item "a", in the pair. 

Appendix D contains the list of the 136 question pairs. 

As the subjects were responding to the questions, 

a decrementing counter was displayed on the screen so that 

the subjects could know how many questions were still 

remaining. Upon completion of all 136 questions, the 

subjects were asked if they would like to make any 

comments on the survey, and, if the answer was yes, the 

subjects' comments were captured as part of the survey 

demographic and response information. The subjects could 

abort the survey at any time during the survey, and, if 

they did this, they were given the opportunity to also 

make comments. If the respondents aborted the surveyor 

the survey aborted the respondents, it was necessary for 

them to repeat the whole survey rather than continue from 

where they aborted. 

The subjects could also ask for a definition 

("help") of the stimulus items as they were displayed as 

part of the first question, and the survey software would 

overlay the "question screen" window with a definition of 
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the "stimulus pair screen" window and wait for the 

subjects to indicate a "ready to proceed" response. 15 of 

the stimulus item definitions were taken from the 

Excelerator Reference Guide (1985), and the remaining two 

were defined by the researcher. The list of stimulus item 

definitions is included in Appendix E. 

The survey software captured each subject's time 

to complete the demographic information, time to complete 

the 136 question pairs and accompanying second, habitual 

question, and the time used for requesting "help". 

The survey software was written using dBASE III 

PLUS (Trademark of Ashton-Tate) version 1.1 and compiled 

with one of the commercially available dBASE compilers 

thus protecting the software's source code, enhancing the 

survey's execution speed, and allowing user sites not 

having dBASE III PLUS the opportunity to execute the 

survey software. 

Administration of the Survey 

As briefly summarized in the Selection of Research 

Sites and Subjects section of this chapter, selection was 

a seven step process. A discussion of the administration 

of the process follows. 
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First, during November 1986, INTECH through its 

Research Incentive Program agreed to send out a mailing to 

all member enterprises of the XL/GROUP. The XL/GROUP is 

an independent organization made up of enterprises that 

hold one or more licenses for the Excelerator family of 

products. Enterprises desiring membership may become 

members by paying an annual membership fee and the 

enterprise is allowed one vote per Excelerator license it 

holds. Technically, each Excelerator license qualifies 

for membership in the XL/GROUP thus an enterprise may have 

as many memberships in the XL/GROUP as licenses it holds. 

From a practical perspective each enterprise generally 

takes out a membership for a unique location (based on 

geographic dispersion as well as departmental separations 

within the same physical location) within the enterprise 

that is using Excelerator regardless of how many licenses 

for Excelerator that location holds. Because of these 

idiosyncracies it was very difficult to identify how many 

unique enterprises belong to the XL/GROUP. Therefore, for 

purposes of analyzing the data for this study, the 

researcher is counting each unique location from which a 

survey diskette packet was returned to the researcher as a 

unique enterprise. Based on this definition of 

enterprise, there were 42 unique enterprise names. In 
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addition to this, five enterprise names were duplicates 

but were from different geographical locations (eg. 

Atlanta and Houston) thus the total number of enterprises 

completing surveys for purposes of this work is 47. 

At the time of the mailing, November 26, 1986, the 

XL/GROUP consisted of approximately 200 non-unique 

enterprises from the United states and Canada, each of 

which was sent a letter and Response Form from INTECH. 

Each enterprise designates an "authorized voting 

representative" (referred also as the "contact person" in 

this study) when joining the XL/GROUP and this was the 

person that the mailing was addressed to at each of the 

sites. The INTECH letter introduced the researcher and 

the research study. Many of the XL/GROUP enterprises had 

sent at least one representative, most often the contact 

person, to the 2nd Annual Excelerator's User Group 

(XL/GROUP) meeting in San Diego in September of 1986. 

Because of this, many contact persons were aware of the 

research prior to receiving the INTECH letter. The INTECH 

letter was drafted by INTECH's Manager of Technology 

Programs and reviewed, modified and approved by the 

researcher prior to it being sent out. A sample of the 

INTECH letter and Response Form are included in Appendix 

A. The researcher would have preferred that INTECH 



96 

provide him with a master mailing list of the XL/GROUP 

enterprises and allow him to send out the introductory 

letter, but INTECH management preferred the approach 

described above due primarily to administrative and other 

reasons. 

The second step in the process required that the 

enterprises wishing to participate in the survey return 

the Response Form to INTECH, preferably by December 8, 

1986. By December 18, 1986, 64 non-unique enterprises had 

responded to the INTECH letter and a copy of each 

enterprise's Response Form was forwarded to the 

researcher. Nine additional enterprises responded after 

December 18, 1986. Of the total of 73 non-unique 

enterprises responding to the INTECH letter, only three of 

the enterprise's contact persons were duplicates of the 17 

individuals that completed the prototype survey. One of 

these three was the university professor from the 

prototype survey. Further analysis of the responding 

enterprises revealed that these enterprises could be 

classified as different types of Excelerator users. The 

different types represented: 

1. Enterprises that use Excelerator as part of their 

internal system development life-cycle. 



2. Enterprises that use Excelerator as part of an 

undergraduate or graduate academic program (ie: 

universities) . 
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3. Enterprises that are considered consultants who 

advocate the use of Excelerator to their clients 

and use the product in their consulting practice. 

Table 15 shows the mix of all non-unique enterprises that 

responded to the INTECH letter based on the above taxonomy 

of Excelerator user types. 

The third step in the process was for the 

researcher to mail out survey diskette packets to the non

unique enterprises that indicated that they would like to 

participate in the survey, and, in addition to this, the 

enterprises that participated in the prototype survey. 

Table 16 represents the breakdown of all survey diskette 

packets that were sent out by the researcher, and Table 17 

represents the breakdown of the dates that survey diskette 

packets were sent out. 

The five responding university professors were 

each sent a survey packet with a different cover letter. 

They were informed that their response would not be part 

of this study, but the researcher asked them to complete 

the survey, critique the research methodology employed by 

the researcher, and return the diskette and comments. Two 
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Table 15 

Mix of Enterprises Responding to Initial Letter 

========================================~================ 

Type* 

1 

2 

3 

TOTAL 

Request to participate 
in research survey 

59 

5 

3 

67 

Requires more 
information 

6 

o 

o 

6 
========================================================= 

* 1 = 

2 = 

3 = 

Enterprises that use Excelerator as part of their 
internal system development life-cycle. 

Enterprises that use Excelerator as part of an 
undergraduate or graduate academic program (ie: 
universities) . 

Enterprises that are considered consultants who 
advocate the use of Excelerator to their clients 
and use the product in their consulting practice. 



Table 16 

Mix of Enterprises Receiving PC-Based Survey 

============================================== 
Category 

Enterprises that had an 
individual who took the 

Number 

prototype PC-based survey 14 
but did not respond to the 
INTECH letter 
(excludes university professor) 

Enterprises that responded 
to the INTECH letter 62 
(excludes the five universities 
that responded) 

Enterprises that responded 
to the INTECH letter and whose 
contact person took the 
prototype PC-based survey 
(excludes university professor) 

TOTAL PC-BASED SURVEYS MAILED: 

2 

78 
============================================== 

NOTE: These enterprises are non-unique 
enterprises by the researcher's 
definition of enterprise for this work. 
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Table 17 

Survey Diskette Packets Sent out by Date 

================================================= 
Number of Packets Sent Out 

65 

2 

11 

Total: 78 

Date Sent Out By 

12/20/86 

01/07/87 

01/31/87 

================================================= 
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professors re'turned their completed diskettes which are 

not included as part of this study. 
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Table 18 lists the items 'that were included in the 

survey diskette p~ckets mailed to each enterprise. A copy 

of the introductory letter, the instruction sheet, and the 

sample PC-based survey screen images are included in 

Appendix A. 

The fourth step in the process was for the 

researcher to follow-up via telephone with those contact 

persons at enterprises that requested additional 

information prior to consenting to take the survey. The 

researcher, although leaving messages, was only able to 

contact four of the six enterprise contact persons that 

requested additional information, and all four agreed to 

participate in the survey once receiving additional 

information about the survey during the telephone 

conversation. Survey diskette packets were mailed to 

these four enterprises and are included in the counts for 

Tables 16 and 17. 

The fifth step in the process was for respondents 

to complete the survey. The survey diskette program was 

designed for one or more individuals to respond to the 

survey. A total of 99 respondents began the survey, and 

91 of these (91%) completed the survey. 
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Table 18 

contents of Survey Diskette Packets 

========================================================= 

1. A one page introductory letter and business card 

from the researcher. 

2. A one page instruction sheet for the PC-based 

survey. 

3. A document showing samples of the PC-based survey 

screen images. 

4. A self-addressed, stamped diskette mailer jacket. 

5. The PC-based survey software and supporting 

databases on a diskette. 

========================================================= 
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The sixth step in the process was for each 

enterprise to return the diskette to the researcher in the 

self-addressed, stamped diskette mailer jacket after 

allowing one or more subjects at the site to complete the 

survey. January 5, 1987 was indicated as the preferred 

date for the researcher to receive the diskettes and was 

later extended to February 28, 1987. Table 19 shows the 

number of diskettes that were returned and the dates that 

they were returned by. As discussed earlier in this 

chapter, the researcher is considering each location to 

which a diskette was sent as a unique enterprise. Table 

20 shows the number of enterprises and corresponding 

number of respondents that completed the survey. 

Only three diskettes were returned with no 

respondents' data recorded on them. These diskettes 

appeared to be problematic in their execution and the 

contact person included a short note indicating the 

probl8m. The researcher analyzed these diskettes and 

found them operable on several personal computers and 

concluded that the user's personal computers probably did 

not have either enough available memory or enough file 

declarations. The researcher returned these diskettes to 

the contact person with a letter indicating a suggestion 

for correcting the problem and followed-up with a 



Table 19 

Survey Diskettes Returned to the Researcher 

================================================= 
Number of Diskettes Returned Date Returned By 

17 

21 

15 

Total: 53 

01/05/87 

01/31/87 

02/28/87 

Diskettes Returned to Researcher 
================================================= 
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Table 20 

Total Number of Respondents Per Enterprise 
That Completed the Survey 

================================================= 
Respondents per Enterprise Number of Enterprises 

1 29 

2 8 

3 3 

4 3 

5 1 

6 1 

7 2 

Total Number of Enterprises: 47 
================================================= 
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telephone call. Two of these three diskettes have 

subsequently been returned as of the cut-off date and are 

included in Table 19's total returned diskettes. One has 

respondent's data on it, and the other was accompanied by 

a note indicating that the diskette still did not function 

properly. 

The seventh, and final, step in the process 

required the researcher to follow-up via telephone with 

the XL/GROUP contact person at the enterprises that did 

not return their survey diskette. Many of the enterprises 

contacted subsequently returned their diskette to the 

researcher. Again, Table 19 shows the status of returned 

diskettes. 

A note of importance is that the introductory 

letter sent by the researcher as part of the survey 

diskette packet indicated to the XL/GROUP contact person 

at the enterprise that the survey could be taken by more 

than one person in the enterprise. other than the 

XL/GROUP contact person, the researcher had no names of 

individuals at the enterprise. The XL/GROUP contact 

person at each enterprise was asked to select the 

individuals that would take the survey on a voluntary 

basis. Forty-two of the 47 unique enterprise's contact 

persons completed the survey, and a discussion related to 



this group of respondent's rank ordering of the CASE 

product component parts is included in Chapter 4. 
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The respondents indicated various target 

programming languages, Table 21, for the information 

systems that are being analyzed and designed using the 

CASE product. COBOL was indicated as the target language 

more than 50% of the time, and 4GL languages were 

identified as the seccnd ranked target language. 

The researcher also asked the respondents to 

classify their usage of the CASE product as being 

primarily for new system development, maintenance of 

existing systems, or other usage. Table 22 shows that the 

CASE product was being used by over 90% of the respondents 

primarily for new system development. Approximately 5% of 

the respondents were using the CASE product for 

maintenance of existing systems, and only a few 

r.espondents indicated that their primary usage of the CASE 

product was for some other purpose. 

Respondent's Demographic Information 

The purpose of this section is to present the 

reader with the demographic information for the 

respondents in the survey. The researcher was able to 

collect data for approximately 99% of all demographic 
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Table 21 

Profile of Target Programming Languages 

========================================= 
Target Language Number of Respondents 

Not Used 2 

COBOL 46 

4GL Language 15 

"c" Language 7 

Pascal 0 

BASIC 0 

Other 21 

Total Respondents: 91 
========================================= 



109 

Table 22 

Profile of CASE Product Usage 

========================================= 
Type of Usage Number of Respondents 

New information 
systems development 83 

Maintenance of existing 
information systems 5 

other support usage 3 

Total Respondents: 91 
========================================= 
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questions asked of each respondent, a statistically 

significant percent when compared to the demographic data 

collected from paper based survey instruments. 

The PC-based survey instrument was significantly 

effective in capturing the respondent's demographic 

information. Even though the survey program would allow a 

respondent to bypass entering data for almost all of the 

demographic questions, the respondents choose to enter 

values for the questions. There could be some 

psychological phenomenon occurring, but the researcher was 

not attempting to measure or research this technique for 

collecting demographic information. On a paper survey 

instrument the respondents can simply skip over various 

demographic questions by scanning down the page of paper, 

but in the PC-based survey the respondents had to make a 

key stroke at each field of demographic information 

whether they input any valid data or not. 

The respondents were from a representative 

geographical cross section of the u.s. and Canada with 

slightly higher representation from respondents in the 

eastern part of the u.s. and slightly lower representation 

from respondents in the western part of the u.s. Table 23 

presents the geographical dispersion of the respondents. 



Table 23 

Profile of Respondent's Geographic Locations 

============================================= 
Geographic 
Location 

USA - North 

USA - South 

USA - East 

USA - West 

CANADA 

Number of 
Respondents 

17 

6 

31 

19 

18 

Total Respondents:' 91 

Percent of 
Respondents 

.19 

.07 

.34 

.20 

.20 

============================================= 
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There were 12 identifiable industries represented 

by the respondents in the survey. Table 24 details this 

showing that the industry with the most respondents was 

manufacturing, and retail trade was the industry with the 

least respondents. The respondents reported the number of 

employees in their organization (enterprise) and Table 25 

presents this information. A few respondents made 

comments at the end of the survey indicating that company 

size (eg. revenue dollars or number of employees) was 

difficult to estimate due to the diversification and 

dispersion of the particular enterprise. 

The si~e of the management information systems 

(MIS) type department within the enterprise was also 

estimated by the respondents. Both the number of 

employees in the MIS department and its budget were 

reported, and Table 26 and 27 report these figures. 

Table 28 shows the breakdown of the respondent's 

years of all their professional work experience. Over 90% 

of the respondents indicated that they had been working as 

a professional for more than 3 years, and approximately 

20% of them indicated that they have been involved as a 

professional for over 15 years. A second more probing 

question asked for the respondents to indicate the amount 

of computer experience they have. Table 29 reports the 



Table 24 

Number of Respondents by Industry SIC Code 

============================================== 
Industry Name 

Manufacturing 

Finance 

Insurance 

Education 

Retail Trade 

Business Service 

Government 

Public utility 

Communication system 

Petroleum 

Consulting 

Engineering 

Other 

Total Respondents: 

Number of 
Respondents 

20 

7 

7 

4 

1 

4 

9 

2 

6 

7 

9 

4 

11 

91 

Percent of 
Respondents 

.22 

.08 

.08 

.04 

.01 

.04 

.10 

.02 

.07 

.08 

.10 

.04 

.12 

============================================== 
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Table 25 

Profile of Respondent's Enterprise Size 

================================================= 
Number of Employees Number of Respondents 

not specified 12 

1 - 99 7 

100 - 499 11 

500 - 999 5 

1,000 - 2,999 12 

3,000 - 3,999 14 

4,000 - 4,999 4 

5,000 - 9,999 3 

10,000 - 29,999 6 

30,000 - 74,999 8 

75,000 - 99,999 6 

=> 100,000 3 

Total Respondents: 91 
================================================= 
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Table 26 

Profile of Respondent's Enterprise M.I.S. Size 

================================================= 
Number of Employees Number of Respondents 

< 10 11 

10 - 19 18 

20 - 29 8 

30 - 49 16 

50 - 74 14 

75 - 99 4 

100 - 150 10 

151 - 499 5 

500 - 999 2 

> 1000 3 

Total Respondents: 91 
================================================= 
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Table 27 

Profile of Respondent's Enterprise M.I.S. Budget 

================================================= 
Budget Dollars Number of Respondents 

not specified 52 

150,000 - 999,999 2 

1,000,000 - 2,999,999 5 

3,000,000 - 4,999,999 6 

5,000,000 - 6,999,999 12 

7,000,000 - 9,999,999 1 

> 10,000,000 13 

Total Respondents: 91 
================================================= 



117 

Table 28 

Professional Work Experience of Respondents 

============================================= 
Years of Experience Male Female 

1 - 3 6 4 

4 - 6 6 6 

7 - 9 11 3 

10 - 12 10 6 

13 - 15 16 2 

16 - 19 6 1 

20 - 24 8 1 

over 25 5 0 

Total Respondents: 68 23 
============================================= 



Table 29 

computer Related Experience Profile 
of Respondents 

============================~================ 

Years of Experience Male Female 

1 - 3 2 1 

4 - 6 14 12 

7 - 9 12 6 

10 - 12 15 2 

13 - 15 11 o 

over 15 14 2 

Total Respondents: 68 23 
============================================= 
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responses for this question. Although not shown in the 

tables, the researcher found it interesting to find that 

some respondents had more computer experience than they 

had professional experience. Several explanations could 

account for this, the most common being that their 

computer experience could possibly include time when they 

were in school prior to entering the job market. 

The respondents were asked to identify their 

position title within the organization. There were 56 

unique position titles reported by the 91 respondents. 

~dny of the titles were variations of common position 

titles, and some included title gradations such as junior 

or senior. Seventy of the respondents (77%) had position 

titles that the researcher categorized as systems 

analysts. Table 30 shows the researcher's consolidated 

taxonomy of position titles. 

The educational background, Table 31, reported by 

the respondents shows that approximately 25% of them have 

a master's degree, approximately 50% of them have a 

bachelor's degree, and the remaining 25% have either an 

associate degree or a high school diploma. 

The researcher also asked the respondents to 

partition their time spent on various job related duties 

in order to identify the cross section mix of duties 



Table 30 

Consolidated Taxonomy of Respondent's 
position Titles 

================================================= 

Consolidated Position Title 

systems Analyst (1) 

Manager (2) 

Data (Base) Administrator 

Programmer 

Total Respondents 

Number of 
Respondents 

70 

11 

5 

5 

91 
===============================================,== 

(1) Includes other reported position titles 
such as Consultant, Programmer-Analyst, 
Systems/Software Engineer, Project Leader, 
and Systems Planner. 

(2) Includes other reported position titles 
such as Vice President, Client Executive, 
Director, and Coordinator. 
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Table 31 

Profile of Educational Attainment of Respondents 

================================================ 
Maximum Level of 

Educational Attainment 

High School Diploma 

Associate's Degree 

Bachelor's Degree 

Master's Degree 

Doctorate/equivalent 

Total Respondents: 

Number of 
Respondents 

12 

10 

42 

25 

2 

91 
================================================ 
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performed by the respondents. Table 32 presents this 

breakdown, and over 80% of the respondents indicated that 

they spend more than 25% of their time performing duties 

related to systems analysis and design. 

The remaining two demographic questions related to 

the respondents' utilization of CASE type products. Table 

33 compares the respondents' use of all CASE products to 

their use of the specific CASE product used currently by 

the respondents. There is a high correlation between the 

amount of time using all CASE products and the amount of 

time using the specific CASE product. One would 

anticipate this relationship due to the fact that CASE 

products are so new, and it appears that most respondents 

have only used one CASE product. Table 34 reports the 

amount of time each week that the respondents indicated 

that they use a CASE product. The researcher was 

expecting that most respondents would make heavy use of 

the CASE product each week. This was not the case as over 

70% of the respondents indicated that they use the CASE 

product 10 hours or less each week. Less than 10% 

indicated that they use the CASE product over 20 hours per 

week. 

There are three additional statist~c~l pieces of 

interesting information available as a result of using a 
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Table 32 

Profile of Job Duties of Respondents 

====================================================== 
~ 0 of Time Management Analysis/Design Program other 
--------------------------------------------------._---

0 - 25 69 18 71 79 

26 - 50 13 36 15 7 

51 - 75 3 18 2 4 

76 - 100 6 19 3 1 

Total Resp: 91 91 91 91 
======================================================= 



Table 33 

Profile of CASE Product utilization of Respondents 

================================================== 

Number of Months 

less than 6 

6 - 11 

12 - 17 

18 - 23 

24 - 29 

over 29 

Total Respondents: 

All 
CASE Products 

14 

27 

24 

11 

11 

4 

91 

Excelerator 
CASE Product 

15 

33 

24 

8 

8 

3 

91 
================================~================= 
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Table 34 

Profile of Weekly Usage of CASE Product 

========================================= 
Number of Hours Number of Respondents 

0-5 34 

6 - 10 32 

11 - 15 6 

16 - 20 13 

over 20 6 

Total Respondents: 91 
=========================================== 
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personal computer for conducting the survey. The 

researcher avoided the data entry for the survey's 

responses since they were already recorded on the diskette 

when it was returned to the researcher. The survey 

program captured the following information for each 

respondent: 

1. The amount of time each took to enter his/her 

demographic information. 

2. The amount of time each was being presented with 

"HELP" information. 

3. The amount of time each took to enter his/her 

responses to the survey questions. 

4. The time of day that each took the survey. 

Tables 35, 36, 37, and 38, respectively, present this 

interesting information. Approximately 68% of the 

respondents requested less than three seconds of "help" 

information, and only a few respondents took an unusually 

long time to complete the survey. Interruptions could 

explain why these respondents took an unusually long time 

to complete the survey, and in fact, a few respondents 

commented that they were interrupted during the survey. 

One final observation is that 50% of the respondents took 

the survey in the morning and the other half took it in 

the afternoon or early evening. 
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Table 35 

Profile of Time to Enter Demographic Information 

================================================ 
Number of Minutes Number of Respondents 

1 - 3 9 

4 - 5 23 

6 - 8 35 

9 - 11 8 

12 - 20 12 

> 20 4 

Total Respondents: 91 
================================================ 
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Table 36 

Profile of Requested "HELP" Time 

================================================ 
Number of Seconds Number of Respondents 

1 3 62 

11 - 29 9 

30 - 59 6 

60 - 119 6 

120 - 179 2 

180 - 239 3 

> 240 3 

Total Respondents: 91 
================================================ 
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Table 37 

Profile of Time to Answer Survey Questions 

================================================ 
Number of Minutes Number of Respondents 

< 10 1 

11 - 19 20 

20 - 24 19 

25 - 29 10 

30 - 39 13 

40 - 49 15 

50 - 119 11 

> 120 2 

Total Respondents: 91 
================================================ 



Table 38 

Profile of Time of Day Survey 
was Taken by the Respondents 

============================= 
Time of the Day Respondents 

Morning 46 

Afternoon 42 

Early Evening 3 

Total Respondents: 91 
============================= 
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This concludes the reporting of the respondents' 

demographic information. Based on the demographic 

information gathered, the researcher believes that the 

respondents: 

1. Represent a statistically valid sample - 47 

enterprises returned survey diskettes with one or 

more subject's responses on it. This represents 

approximately 23% of the 200 initial letters sent 

out by INTECH. 

2. Represent practitioners who are experienced in 

systems analysis. From Table 29, 62 of the 91 

respondents (68%) have over six years of computer 

related experience, and from Table 32, 73 of the 

respondents (80%) spend over 25% of their 

professional time involved in systems analysis and 

design activities. 

3. Represent practitioners who are experienced with 

CASE technology. From Table 33, 77 of the 

respondents (85%) indicated that they have more 

than six month's experience using CASE technology. 

Chapter Summary 

This chapter has described the research 

methodology used in the study and has presented the reader 
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with the respondent's demographic information. The 

discussion of the methodology focused on the selection of 

sites and subjects, the design of the survey instrument, 

and the administration of the survey. 

Appendix A contains several peripheral details 

such as the survey's initial letter, the response form, 

the researcher's introductory letter, the survey's 

instruction sheet, and samples of the survey's screens. 



CHAPTER 4 

TEST AND INTERPRETATION OF HYPOTHESES 

This chapter consists of four major sections. The 

first section presents the results of the testing of the 

hypothesis concerning systems analyst's perceptions of 

productivity when using CASE products. This hypothesis 

was presented earlier in chapter 1. The hypothesis was 

tested using Coefficient of Consistence for each of the 

PC-based survey respondents and Coefficient of Agreement 

over all respondents. The null hypothesis is that systems 

analysts would be responding to the survey instrument on a 

random basis. The level of significance chosen for the 

test of the null hypothesis is .01. 

The second section presents the results of the 

testing of the hypothesis that project team member 

communication is significantly improved when using CASE 

products. This hypothesis was also presented in Chapter 

1. The null hypothesis is that communication is not 

significantly improved when using CASE products. The 

level of significance chosen for the test of this null 

hypothesis is .05. 
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The third section presents the results of the 

testing of the hypothesis that there is a significant 

productivity improvement related to the adherence to the 

enterprise's information systems development standards 

when using CASE products. This hypothesis was also 

presented in Chapter 1. The null hypothesis is that 

productivity is not significantly improved as it relates 

to the adherence to the enterprise's information systems 

development standards when using CASE products. As with 

the prior hypothesis, the level of significance chosen for 

the test of this null hypothesis is also .05. 

The fourth section presents the results of 

applying multidimensional scaling and hierarchical 

clustering techniques to the response data. The reported 

results will be interpreted to suggest several approaches 

for CASE product functionality. It should be noted that 

the interpretation of the results are speculative and 

provide plausible explanation of grouping of CASE 

component functionality. The reader is directed to the 

discussion on multidimensional scaling and hierarchical 

clustering in Chapter 2 for justification of such 

interpretations. 

Concerning Systems Analyst's Perceptions 
of Productivity when using CASE Products 
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The PC-based survey presented the subjects with 

136 unique pair combinations of the 17 stimuli. As 

illustrated by Figure 3 in Chapter 3, each subject was to 

select the sti.mulus from the pair being presented that 

most improved his/her productivity using a CASE product 

over manual methods. In the event that the subjects had 

not used either of the pair of stimuli being presented, 

they were to select the stimulus item that they perceived 

would most improve their productivity. 

As mentioned in the Administration of the Survey 

section of Chapter 3, 42 enterprise contact persons 

completed the survey. The remaining 49 respondents were 

asked to take the survey by the contact person at each 

enterprise. Therefore, 46% of the respondents were direct 

recipients of the PC-based survey and 54% of the 

respondents were asked to take the survey by the direct 

recipients of the survey. 

The researcher conducted an initial analysis of 

these two sub-groups of respondents (eg. contact persons 

and non-contact persons). Using a rank ordering of the 17 

stimuli, a high degree (greater than 80%) of homogeneity 

existed between the two groups which may reduce the 

potential for self-selection bias for the non-contact 

person group of respondents. The remaining part of this 
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chapter considers the research objectives combining these 

two sub-groups back into one group of 91 respondents. 

As presented in Chapter 3, 91 of the 99 

respondents (92%) completed the PC-based survey. The 

first step in the data validation process was to look for 

outliers relative to the other subjects. In other words 

this step was to identify any of the respondents that were 

responding in a purely random manner. To restate the 

hypothesis from Chapter 1: 

Systems analysts can identify, via their ordering 
preferences, the parts of CASE products that 
contribute the most to increasing their 
productivity over manual methods. 

The null hypothesis suggests that the subjects were 

responding in a purely random manner. To reject the null 

hypothesis the researcher analyzed the individual subject 

responses as well as aggregated responses over all 

subjects using a computer program based on methods of 

paired comparisons. The reader is directed to (David, 

1963), (Edwards, 1957), (Kendall, 1962), (Hill, 1953), and 

(Ferguson, 1971) for an in-depth discussion of paired 

comparisons. Table 39 presents a sample of the 

statistical information calculated by the computer program 

for each respondent and Appendix F contains the actual 



Table 39 

Sample of statistical InforrnatiQ·n 
for Each Respondent 

========================================== 

Inconsistent Triads = 3.0000 

Coefficient of Consistence = 0.9853 

Chi-Square with 24.1420 DF = 127.2189 

I-Tailed Probability = 0.0000 

========================================== 
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statistical information that was calculated for each 

respondent. 
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The method of paired comparisons is usually 

assumed to yield a more reliable ordering than that 

obtained by requiring a respondent to order a whole group 

of objects directly (Ferguson, 1971, p. 315). In the 

method of paired comparisons we would like to ascertain 

the consistency of the choices made by the respondent. A 

method for measuring the consistency is to calculate the 

number of inconsistent triads among the choices (Kendall, 

1962, p. 146). For example, let A, B, and C represent 

three stimuli. If the respondent prefers A to Band B to 

C, consistency of judgment would require that the 

respondent prefer A to C. If C is preferred to A, this 

latter choice is clearly inconsistent with the two 

previous choices. Many inconsistent choices in the method 

of paired comparisons result because the task requires a 

refinement of discrimination which is beyond the capacity 

of the respondent. Inconsistent responses may also arise 

because the dimension of judgment has changed. Where 

inconsistencies are numerous, a question may attach to the 

meaning of the rank ordering of stimuli obtained. 

Therefore, for any set of paired comparisons between N 

stimuli the number of inconsistent triads may be counted 
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and used to define a coefficient of consistency of 

response. Kendall (1962) defined the coefficient of 

consistency of response K as follows: 

K = observed sum of squares - min~mum sum of squares 
maximum sum of squares - minimum sum of squares 

simple sUbstitution shows that if N (number of stimuli) is 

odd: 

K = 12E(R - R)2 
N(N2 - 1) 

and if N is even: 

K = 12E(R - R)2 - 3N 
N(N2 - 4) 

(where E = summation) 

The total number of triads for 17 stimuli using 

the above formula is 204. The coefficient of consistence 

has an expected value of 0 when responses are assigned at 

random, the case of maximal inconsistency, and 1 when no 

inconsistencies are present. Table 40 represents the 

coefficient of consistence taxonomy for the PC-based 

survey respondents. Based on the results reported in this 

table, the researcher may reject the null hypothesis and 

conclude that each respondent was operating with a 

consistent pattern which is significantly better than 

chance. 

A further validation criteria for rejecting the 

null hypothesis stated above assesses the computed value 



Table 40 

Coefficient of consistence Taxonomy 
for PC-Based Survey Respondents 

========================================== 
Range of the Coefficient Number of 

of Consistence Respondents 
------------------------------------------

0.90 to 1.00 30 

0.80 to 0.89 40 

0.70 to 0.79 12 

0.60 to 0.69 7 

0.50 to 0.59 2 

Total Respondents: 91 
========================================== 
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of chi-square for each respondent. The critical value of 

chi-square with 124 degrees of freedom at the .01 level is 

42.98. The chi-square value for the respondents ranged 

from a low of 68 to a high of 127 thus allowing the 

researcher to reject the null hypothesis and conclude that 

each respondent was operating with a consistent pattern 

which is significantly better than chance. 

One additional statistical measure which also 

supports the researcher's basis for rejecting the null 

hypothesis is shown in Table 41. The coefficient of 

agreement (David, 1969, p. 24) (Kendall, 1962, p. 148) in 

this table represents the degree of agreement between all 

of the respondents. If there is complete agreement, and 

only in this case, the coefficient of agreement would 

equal 1. The further we depart from this case, as 

measured by agreements between pairs of respondents, the 

smaller the coefficient of agreement becomes. The minimum 

value for the coefficient of agreement is -1 when the 

number of respondents is 2. In all cases where the number 

of respondents is greater than 2, the minimum value for 

the coefficient of agreement is -1/(m-1) (m represents the 

number of respondents) when m is even or -11m when m is 

odd. In any of these cases, the minimum coefficient of 

agreement minimum will be a number less than 0 and any 
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Table 41 

Respondent statistical Summary (n=91) 

======================================== 
statistical Measure Value 

Coefficient of Agreement 0.1609 

Chi-Square 2153.8315 

Degrees of Freedom 140.6186 

I-Tailed Probability 0.0000 

======================================== 
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value greater than 0 would indicate a certain amount of 

agreement among respondents. The researcher estimated the 

critical value of chi-square with 141 degrees of freedom 

at the .01 level to be 190. The chi-square value for the 

respondents as a group is 2153.8315 thus allowing the 

researcher to once again reject the null hypothesis and 

conclude that each respondent was operating with a 

consistent pattern which is significantly better than 

chance. 

Having rejected the null hypothesis for the 

respondent population, the researcher is able to present 

the rank order of the 17 stimuli according to the 

preference of the respondents. Table 42 presents the rank 

ordering along with the number of times each stimuli was 

preferred (selected) by the respondents over the other 

stimulus item in the pair presented. The second numerical 

column in the table gives the percentage of times the 

stimulus item was selected out of the maximum possible 

number of times. Th~ right-most column of the table 

provides the relative percent of the choices normalized to 

the choice frequency of the stimulus item listed first. 

It is clear that the respondents selected "Data 

Flow Diagrams" as their number one choice (selected 79% of 

the time) for improved productivity over manual methods. 
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Table 42 
CASE Product Productivity Ranking (n=91) 

========================================================== 

stimulus Item 

Number of 
Times 

Selected 

Data Flow Diagram 1155 

Data Dictionary 1128 

Project Standardization 862 

Screen/Report Design 857 

Presentation Graphics 854 

Analysis -> Report writer 827 

Analysis -> Entity List 728 

Entity/Relationship data model 726 

structure Charts 721 

Logical Data Model 712 

Analysis -> Graph Analysis 683 

Project member's communication 
via CASE product 616 

structure Diagrams 602 

Record Layou~ Generation 598 

Import and/or Export Facility 577 

CASE product works on both PC 
and mainframe 453 

LAN support for the CASE product 277 

Total Choices 12,376 

Total Choices Per Item 1,456 

Pct. 
Selec
ted 

0.79 

0.77 

0.59 

0.59 

0.59 

0.57 

0.50 

0.50 

0.50 

0.49 

0.47 

0.42 

0.41 

0.41 

0.40 

0.31 

0.19 

Relative 
Choice 

1. 00 

0.98 

0.75 

0.74 

0.74 

0.72 

0.63 

0.63 

0.62 

0.62 

0.59 

0.53 

0.52 

0.52 

0.50 

0.39 

0.24 

========================================================== 



145 

Knowing the amount of effort needed to manually produce 

Data Flow Diagrams, one can appreciate why this function 

was perceived to deliver the most productivity over manual 

methods. The "Data Dictionary" stimulus item was 

perceived as their number two choice (selected 77% of the 

time). Again, to manually maintain a Data Dictionary is 

labor intensive, and automation of this function is highly 

desired. 

The rank ordering of the next three stimuli 

(Project Standardization, screen/Report Design, and 

Presentation Graphics) reveals that each was selected 59% 

of the time. The researcher was not anticipating that 

"Project Standardization" would be ranked third by the 

subjects. An in-depth analysis of the results for this 

stimulus is found later in this chapter. The other two 

stimuli that tied at 59% perhaps represent functions that 

are used quite heavily and, like the stimuli ranked number 

1 and 2, are labor intensive functions when done manually. 

Looking at the bottom of the rankings, the 

researcher finds that the respondents perceived "Lan 

support" to contribute minimally to their increased 

productivity over manual methods. It was selected just 

19% of the time. This does not mean that they obtain no 

increased productivity with this function, but rather, 



relative to the other stimuli, they receive minimal 

increased productivity. The second to the last ranked 

stimuli was "[CASE product] works on both a PC and a 

Mainframe", and was selected 31% of the time in the 
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pairwise comparisons. The respondents also perceive very 

little productivity improvement with this function. 

concerning the Communication Process 
Among Project Team Members 

Using CASE Products 

Ward (1984) argues that the essential element in 

information systems development is the understanding of 

the human communication processes involved in this 

activity. Effective communication between project team 

members is essential for successful information systems. 

To illustrate, Figure 5 represents a model of the 

communication process during information systems 

development. A requester starts things off by passing a 

message to the systems analyst. The message may be called 

the essential model. The systems analyst, in turn, passes 

a message called the implementation model to the builder, 

and finally, the builder passes a message called the 

completed system back to the requester (McMenamin and 

Palmer, 1984). Others refer to the essential model as a 

functional specification or a statement of requirements. 
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=============== 
--------->1 Requester 1----------
1 =============== 1 

Completed 
System 

1 1 Essential 
1 1 Model 
1 1 
1 V 

============== 
1 Programmer 1 
============== 

Implementation Model 

============-== 
Systems 
Analyst 

============= 

Figure 5. The Systems Development 
Communication Process I 
Adapted from (Ward, 1984) 
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The implementation model is often called the detail design 

specification. 

The names given to the participants in the model 

do not represent individual people but roles that are part 

of the systems development process. The requester is a 

composite of all the people who have some part in deciding 

what a proposed system needs to do. The systems analyst 

may also be a composite of many analysis and design 

people, and the programmer is in most cases a group of 

many people. The role played by the systems analyst is 

one in which the essence of the requester's needs must be 

captured and documented by the analyst and then submitted 

to the programmer for development of the software for the 

information system. The systems analyst is responsible 

for presenting the completed system to the requester. 

Based on the notion that the systems analyst is 

essentially a conduit between the requester and the 

programmer, Figure 6 illustrates this researcher's view of 

the systems development communication process. 

We can gain some insight into why systems 

development communication is often imperfect by looking at 

exactly why the communication that takes place between the 

three players (requester, analyst, and programmer) is 

distorted. Fundamentally, the reason is that we human 
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=============== 
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Figure 6. The Systems Development 
Communication Process II 
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beings are highly imperfect senders and receivers of 

information. The same set of problems applies to the much 

more complex communication passed between the participants 

during information systems development. Ward (1984) 

states that communication can be distorted by any of a 

number of factors: 

1. Information that should be part of the 

communication is lost. 

2. Information is distorted in such a way that 

part of the communication is understandable 

but incorrect. 

3. Information is distorted in such a way as to 

make part of the communication indecipherable. 

4. In longer communications, one part of the 

communication is distorted so that two 

portions contradict each other. 

The system development process is further 

compounded due to the fact that additional information is 

added to the communication at each phase in the 

development life-cycle and is dependent on correct receipt 

of all prior communications. The fact that the formal 

systems development communication is mostly transmitted in 

writing as opposed to being spoken does not appear to 

enhance the communication (Ward, 1984). 
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This empirical research assesses communication 

among project team members. A project team often consists 

of at least one requester, systems analyst, and 

programmer, but is not limited to these job 

classifications. In this research, the author is looking 

solely at communication from the systems analyst 

perspective since this was the primary role of the 

respondents in the survey. 

Research objective number two, as stated in 

Chapter 1, was to investigate, using systems analysts' 

preferences, whether there is a productivity improvement 

in the communication process during information systems 

development when CASE technology is employed. A careful 

analysis of the collected data revealed that this work 

could not accomplish this objective as stated. However, a 

subset of this objective could be investigated based on 

the data collected from the respondents. 

Since this research represents a base for a long

term research program, a subset of objective two would 

prove useful for a better understanding of the 

relationship between communication and CASE product 

component parts. with this in mind, the results being 

reported here investigate the effects of CASE product 
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utilization for enhancing the communication process with 

respect to each of the other CASE product components. 

In the beginning of this research study, there was 

hopeful optimism on the part of the researcher that on a 

relative basis, the communication factor would have a 

higher degree of influence than many of the other CASE 

product components. However, from a realistic approach, 

the validity of this hypothesis was unknown, thus the need 

for a statistical two-tailed test. The null hypothesis 

for this research hypothesis is: 

HO: communication when using CASE products does not 
make a significant impact on productivity in 
comparison to the other CASE product components. 

The statistical approach to evaluating this 

hypothesis utilizes two separate tests, utilizing both a 

qualitative and a quantitative approach. Each test is 

first run on an overall basis, comparing the communication 

component to the other 16 components collectively. 

Following this test is a series of pairwise tests where 

the communication component is tested individually against 

each of the other components in the study. 

The qualitative approach utilizes the sign test 

(Mendenhall and Reinmuth, 1978, pp. 660-666) to test how 

often the communication component was preferred over the 

other stimuli. If experts could not make a significant 
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differentiation (either positive or negative) among the 

stimuli, we would expect them to choose the communication 

component in a pairwise test 50% of the time. Note from 

Table 42 that on an overall basis, communication was only 

chosen in 42% of the pairwise comparisons. The overall 

test, shown in Table 43, rejects the null hypothesis at 

the strongest level in the negative direction, indicating 

that in fact on an overall basis, communication is 

perceived as a lesser factor on productivity improvement 

when compared to the other CASE product components in the 

study. 

On an individual basis (Table 44), the 

communication component was significantly stronger than 

1) LAN support for the CASE product and 2) CASE product 

works on both a PC and mainframe. The communication 

component was significantly weaker than: 

1. Data Flow Diagram 

2. Entity/Relationship data model 

3. Presentation Graphics 

4. Data Dictionary 

5. Screen/Report Design 

6. Project standardization, and 

7. Analysis -> Report writer 



Table 43 

Sign Test Results on Communication 
Compared to All Other stimuli 

======================================~======== 

Two-tailed test: 

Fraction of times that 
Communication was chosen: 616/1456 = .42 

z observed: -6.1052 

significance: < .0001 

Conclusion: Reject HO in the negative direction 

=============================================== 
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Table 44 

Sign Test Results on Communication 
Compared to Each Individual stimulus 
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========================================================== 
stimulus Item 
Compared To 

Percent* 
Selectod 

Observed Con** 
z Score Signif. Clusn 

========================================================== 
Data Flow Diagram 0.14 -6.8139 <.0001 2 

structure Charts 0.45 -0.9435 .3472 3 

Logical Data Model dia. 0.49 -0.1048 .9204 3 

Entity/Relat data model 0.37 -2.4111 .0164 2 

structure Diagrams 0.54 0.7338 .4654 3 

Presentation Graphics 0.30 -3.8787 <.0001 2 

Analysis -> Graph 0.47 -0.5241 .6030 3 

Record Layout Generate 0.51 0.1048 .9204 3 

Data Dictionary 0.16 -6.3945 <.0001 2 

Analysis -> Entity List 0.44 -1.1531 .2502 3 

LAN Support 0.84 6.3945 <.0001 1 

screen/Report Design 0.30 -3.8787 <.0001 2 

Import and/or Export 0.54 0.7338 .4654 3 

Project standardization 0.24 -4.9269 <.0001 2 

Analysis -> Report writ 0.31 -3.6690 <.0001 2 

CASE product - PC/mainfr. 0.67 3.2497 <.0001 1 

========================================================== 
* Percent communication was selected over other stimulus 

** 1 = Communication is significantly higher 
2 = Communication is significantly lower 
3 = Communication is not significantly different 
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There were no significant differences on a pairwise basis 

when communication was compared to the other stimuli in 

the study. 

From a quantitative approach, the scaled responses 

on the productivity comparisons between pairwise 

components (eg. question number 2 in the survey, scaled 

1-7) were assigned the corresponding negative value if the 

respondent did not choose the communication component in 

the pairwise test. This was designed to answer the 

question of "how much" better (or worse) the component was 

in improving productivity. This test was' run as a check 

against a potential paradox in the previous test, where 

one factor could be highly preferred, but on a relatively 

small basis, whereas the other component, when preferred, 

was on a magnitudinal basis. With a range of scores from 

-7 to 7, one would expect an average of 0 if the original 

hypothesis was indeed correct. 

The statistical test here is the standard test for 

a single average, such as illustrated by (Summers, Peters, 

and Armstrong, 1985, chapter 9). A review of Table 45 

reveals that the overall test of communication against the 

collective components was in agreement with the sign test, 

resulting in a significant negative average. 



Table 45 

Magnitude Test Results for Communication 
Compared to All Other stimuli 

=============================================== 

Two-tailed test: 

x = -0.8386 

standard deviation = 4.3334 

z observed: -7.3842 

significance: < .0001 

Conclusion: Reject HO in the negative direction 

=============================================== 
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On an individual basis (Table 46), there were no 

significant differences on a pairwise basis when the 

communication component was compared to the other stimuli 

in the study. There were, however, marginal differences 

(around the .10 level of significance) between 

communication and 1) Data Flow Diagrams, 2) Data 

Dictionary, and 3) LAN Support. This result points out 

that, while the respondents were able to perceive an 

increase or decrease in productivity for the communication 

stimulus over other stimuli, the productivity increase or 

decrease was not statistically significant when compared 

on an individual, magnitudinal, basis with each of the 

other stimuli. 

concerning the Adherence to the Enterprise 
Information Systems Development Standards 

Using CASE Products 

This section of the empirical research assesses 

the adherence to the Enterprise information systems 

development (ISD) standards when using CASE products. 

Most large-scale ISD efforts involve the use of enterprise 

ISD standards. There is a certain amount of effort 

associated with conforming to enterprise standards thus it 

can affect productivity. This section assesses the 



Table 46 

Magnitude Test Results on Communication 
Compared to Each Individual stimulus 
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================~========================================= 

stimulus Item 
Compared To x 

std Observed C 
Dev z Score Signif * 

========================================================== 

Data Flow Diagram -0.1848 1.0915 -1.6148 

structure Charts -0.0536 1.1269 -0.4535 

Logical Data Model dia. -0.0460 1.0234 -0.4289 

Entity/Relat data model -0.0838 1.1570 -0.6908 

structure Diagrams 0.0165 1.1299 0.1392 

Presentation Graphics -0.1367 1.3076 -0.9971 

Analysis -> Graph -0.0426 1.1096 -0.3661 

Record Layout Generate -0.0014 1.1945 -0.0110 

Data Dictionary -0.2019 1.1038 -1.7451 

Analysis -> Entity List -0.0426 1.0504 -0.3867 

LAN Support 0.1731 1.0670 1.5474 

Screen/Report Design -0.1181 1.0884 -1.0354 

Import and/or Export 0.0234 0.9303 0.2395 

Project standardization -0.1271 0.9378 ~1.2925 

Analysis -> Report writ -0.1051 1.0600 -0.9457 

CASE product - pc/mainfr 0.0920 1.1348 0.7737 

.1074 3 

.6528 3 

.6672 3 

.4902 3 

.8886 3 

.3174 3 

.7114 3 

.9920 3 

.0802 3 

.6966 3 

.1212 3 

.2984 3 

.8104 3 

.1936 3 

.3422 3 

.4412 3 

========================================================== 

* 1 = Communication is significantly higher 
2 = Communication is significantly lower 
3 = Communication is not significantly different 
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subject's responses to improved productivity over manual 

methods when conforming to the enterprise standards. 

since this research represents a base for a long-

term research program, the researcher wanted to compare 

the effects of CASE product utilization for enhancing the 

adherence to enterprise ISD standards (hereinafter 

referred to as "Standards") with respect to each of the 

other CASE product components. The null hypothesis for 

this research question is: 

HO: Adherence to enterprise ISD standards when using 
CASE products does not make a significant impact 
on productivity in comparison to the other CASE 
product components. 

Parallel to the feelings of the researcher on the 

communication component, there was hopeful optimism on the 

part of the researcher that, on a relative basis, the 

Standards component would also have a higher degree of 

influence than many of the other CASE product components. 

However, from a realistic approach, the validity of this 

hypothesis was unknown, thus the need again for a 

statistical two-tailed test. 

The statistical approach to evaluate this 

hypothesis parallels that described in the preceding 

section dealing with the communication component. In 

summary, each test is first run on an overall basis, 
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comparing the Standards component to the other 16 

components collectively. Following this test is a series 

of pairwise tests, where the Standards component is tested 

individually against each of the other 16 components. 

For the sign test, when HO is true, we expect the 

subjects (experts) to choose the Standards component in a 

pairwise test 50% of the time. Note from Table 42 that on 

an overall basis, Standards was chosen in 59% of the 

pairwise comparisons. The overall test, shown in Table 

47, rejects the researcher's null hypothesis at the 

strongest positive level, indicating that in fact on an 

overall basis, Standards is perceived as a significantly 

stronger factor on productivity improvement when compared 

to the other CASE product components in the study. 

On an individual basis (Table 48), the Standards 

component was significantly stronger than: 

1. Structure Diagrams 

2. Record Layout Generation 

3. Analysis -> Entity List 

4. LAN support 

5. Import and/or Export facility 

6. Communication, and 

7. CASE product works on both the PC and mainframe 



Table 47 

Sign Test Results on Standards 
Compared to All Other Stimuli 

=============================================== 

Two-tailed test: 

Fraction of times that 
Standards was chosen: 862/1456 = .59 

z observed: 6.8684 

Significance: < .0001 

Conclusion: Reject HO in the positive direction 

=============================================== 
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Table 48 

sign Test Results on Standards 
compared to Each Individual stimulus 
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========================================================== 
stimulus Item 
Compared To 

Percent* 
Selected 

Observed Con** 
z Score Signif. Clusn 

========================================================== 
Data Flow Diagram 0.21 

structure Charts 0.51 

Logical Data Model dia. 0.56 

Entity/Relat data model 0.53 

Structure Diagrams 0.70 

Presentation Graphics 0.63 

Analysis -> Graph 0.63 

Record Layout Generate 0.70 

Data Dictionary 0.31 

Analysis -> Entity List 0.64 

LAN Support 0.89 

Screen/Report Design 0.51 

Import and/or Export 0.68 

Project team communicat. 0.76 

Analysis -> Report writ 0.49 

CASE product - PC/mainfr. 0.74 

-5.5559 <.0001 2 

0.1048 .9204 3 

1. 1531 .2502 3 

0.5241 .6030 3 

3.8787 <.0001 1 

2.4111 .0160 3 

2.4111 .0160 3 

3.8787 <.0001 1 

-3.6690 <.0001 2 

2.6207 .0088 1 

7.4428 <.0001 1 

0.1048 .9204 3 

3.4593 <.0001 1 

4.9269 <.0001 1 

-0.1048 .9204 3 

4.5076 <.0001 1 

========================================================== 
* Percent Standards was selected over other stimulus 

*~ 1 = Standards is significantly higher 
2 = Standards is significantly lower 
3 = Standards is not significantly different 
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The Standards component was significantly weaker than 1) 

Data Flow Diagram and 2) Data Dictionary. There were no 

significant differences on a pairwise basis when Standards 

was compared to the other stimuli in the study. 

Using the scaled responses to question 2 on the 

survey, the quantitative approach again parallels that 

described in the communication component section of this 

chapter. The researcher used the standard test for a 

single average. The overall test of Standards against the 

collective components is presented in Table 49 and was in 

agreement with the sign test, resulting in a significant 

positive average. 

On an individual basis (Table 50), there were no 

significant differences on a pairwise basis when Standards 

was compared to the other stimuli in the study. There 

were, however, marginal differences (at the .07 level of 

significance) between Standards and LAN support. This 

result points out that, while the respondents were able to 

perceive an increase or decrease in productivity for the 

Standards stimulus over other stimuli; the productivity 

increase or decrease was not statistically significant 

when compared on an individual, magnitudinal, basis with 

each of the other stimuli. 



Table 49 

Magnitude Test Results for Standards 
Compared to All Other stimuli 

=============================================== 

Two-tailed test: 

x = 0.9107 

standard deviation = 4.1793 

z observed: 8.3149 

Significance: < .0001 

Conclusion: Reject HO in the positive direction 

=============================================== 
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Table 50 

Magnitude Test Results on Standards 
Compared to Each Individual stimulus 
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========================================================== 
stimulus Item 
Compared To x 

Std Observed C 
Dev z Score Signif * 

========================================================== 

Data Flow Diagram -0.1463 1.0674 -1.3074 

structure Charts 0.0055 0.9781 0.0536 

Logical Data Model dia. 0.0385 1.1887 0.3087 

Entity/Relat data model 0.0062 1.1448 0.0515 

structure Diagrams 0.1216 1.0439 1.1109 

Presentation Graphics 0.0838 1.0687 0.7479 

Analysis -> Graph 0.0673 0.9995 0.6424 

Record Layout Generate 0.0996 1.0619 0.8947 

Data Dictionary -0.0872 1.0037 -0.8290 

Analysis -> Entity List 0.0604 0.9628 0.5989 

LAN Support 0.2212 1.1668 1.8081 

Screen/Report Design 0.0014 0.9668 0.0136 

Import and/or Export 0.1277 1.1086 1.0992 

Project team communicat. 0.1271 0.9378 1. 2925 

Analysis -> Report writ 0.0055 1.0401 0.0504 

CASE product - PC/mainfr 0.1786 1.2306 1. 3842 

.1902 3 

.9602 3 

.7566 3 

.9602 3 

.2670 3 

.4532 3 

.5222 3 

.3734 3 

.4066 3 

.5486 3 

.0702 3 

.9920 3 

.2714 3 

.1970 3 

.9602 3 

.1676 3 

========================================================== 

* 1 = Standards is significantly higher 
2 = Standards is significantly lower 
3 = Standards is not significantly different 



Concerning Results From Multidimensional 
Scaling and Hierarchical Clustering 

As discussed in detail in chapter 2, a problem 
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encountered by researchers in many disciplines is how to 

measure and understand the relationships between objects 

when the underlying dimensions are not known. Multi-

dimensional scaling (MDS) can help systematize data in 

areas where organizing concepts and underlying dimensions 

are not well developed (Schiffman, Reynolds and Young, 

1981). MDS is a useful mathematical tool that enables us 

to represent the similarities. MDS, then, refers to a 

class of techniques that use proximities among any kind of 

objects as input. A proximity is a number which indicates 

how similar or how different two objects are, or are 

perceived to be, or any measure of this kind. The primary 

output is a spatial representation, consisting of a 

geometric configuration of points, as on a map. Each 

point in the configuration corresponds to one of the 

objects. This configuration reflects the "hidden 

structure" in the data, and often makes the data much 

easier to comprehend (Kruskal and Wish, 1978). 

In the present PC-based survey, systems analysts 

ranked pairs of CASE product components (ie: data flow 

diagrams, structure charts, presentation graphics, etc.) 
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in terms of how 'they perceived the similarity of each one 

affecting their productivity. Two additional factors 

considered very important during systems development were 

also ranked along with the CASE product components by the 

systems analysts: 1) communication among project team 

members, and 2) adherence to the enterprise's system 

development standards. The pairwise ranking allows the 

MDS technique to construct a space of a smaller number of 

dimensions than the total number of stimuli from which the 

pairwise rankings were obtained. In this way, the stimuli 

are mapped onto a smaller set of features that systems 

analysts may have used to make their judgments about all 

of the stimuli. The underlying features of this space can 

be suggested from the relationships that exist in the 

space and the clusters that associate with a particular 

dimension. 

As discussed earlier in the chapter, inconsistent 

triads exist when a subject selects item A over B, item B 

over C, and finally item Cover A. Since inconsistent 

triads may occur, plotting each of the 136 choices on a 

single dimension would result in an intransitivity. This 

means that the three stimuli could not be arranged 

linearly and preserve the pairwise preferences. Adding a 

second dimension will eliminate the intransitivity as one 
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of the stimuli can be placed in the two-dimensional plane 

at an appropriate distance between the other two. In this 

way, MOS attempts to accommodate all possible 136 ranks 

and potential intransitivities in first one dimension, 

then two, three, or more. 

For systems analysts' preferences, the preferred 

representation of the 136 similarity rankings was in three 

dimensions with a .88 percent of the total original 

pairwise ranks accounted for and a stress factor of .135. 

Table 51 shows the SPSS-X ALSCAL MOS program input data 

matrix, Table 52 presents the statistical information for 

six different MOS solutions, and Table 53 presents the 

preferred SPSS-X ALSCAL MDS three dimensional solution. 

The three dimension solution was selected based on 

two criteria. First, the SPSS-X ALSCAL MOS computer 

program gave the following warning for solutions with more 

than three dimensions: 

The total number of parameters being estimated (the 
number of stimulus coordinates plus the number of 
weights, if any) is large relative to the number of 
data values in your data matrix. The results may not 
be reliable since there may not be enough data to 
precisely estimate the values of the parameters. You 
should reduce the number of parameters (e.g. request 
fewer dimensions) or increase the number of 
observations. Number of parameters is 68. Number of 
data values is 136. 
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Table 51 

SPSs-x ALSCAL MDS Program Input Data Matrix 

========================================================= 

1 2 3 4 5 6 7 8 

1.0000 
3.5055 1.0000 
3.8132 3.4615 1. 0000 
3.5165 3.3956 2.7253 1.0000 
3.8132 2.5495 3.1099 3.1319 1.0000 
3.6484 3.6374 3.7253 3.9670 3.6813 1.0000 
3.6154 3.5824 3.5604 3.3626 3.1868 4.1648 1.0000 
4.4615 4.0000 3.8352 3.7253 3.4615 4.0659 3.6923 1.0000 
2.8462 3.8022 3.7802 3.5495 3.9890 4.2418 3.7912 4.1758 
3.6264 3.3956 3.1319 3.2418 3.7912 3.7363 3.0769 4.1538 
5.1209 4.6484 4.5824 5.2308 4.5055 5.0659 4.6154 4.2418 
3.5934 3.4286 3.5604 4.1868 3.5934 3.2308 3.5824 3.2308 
4.4066 4.1429 4.1099 4.8681 3.6923 4.2198 3.9121 4.2967 
3.9670 4.1099 3.6154 4.2418 4.1099 4.8462 4.0659 4.4176 
3.8571 3.5165 4.3516 4.1648 3.7473 3.9121 3.6264 3.7912 
4.2857 3.5714 3.4505 3.9451 3.8022 3.5495 3.2637 3.5934 
4.7473 4.7582 4.4176 4.6923 4.5714 5.0989 4.5275 4.8681 

9 10 11 12 13 14 15 16 17 

1.0000 
3.1648 1.0000 
5.1099 5.4176 1.0000 
3.4286 3.5934 4.6154 1.0000 
4.3077 3.8462 3.4615 4.4286 1.0000 
4.0220 3.8022 3.7802 3.9560 3.1868 1.0000 
3.4396 3.4945 4.3516 3.4286 4.0440 3.2857 1.0000 
3.7143 2.9780 4.7473 3.2967 4.1319 3.8571 3.7582 1.0000 
4.8791 4.6593 3.3407 4.7143 3.7253 4.0000 4.5275 4.6923 1. 

========================================================== 



Table 52 

MDS statistical Information 
for six Solutions 

(n=91) 

=========================================== 
Number of 
Dimensions 

1 

2 

3 

4 

5 

6 

stress 

.280 

.192 

.135 

.092 

.068 

.046 

Change in 
stress 

.088 

.057 

.043 

.024 

.022 

RSQ* 

.813 

.8S0 

.883 

.922 

.945 

.970 

=========================================== 

* RSQ values are the proportion of variance 
of the scaled data (disparitites) in data 
which is accounted for by their 
corresponding distances. 
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Table 53 

SPSS-X ALSCAL MDS Three Dimensional Solution 

=================================================== 
3-MAR-87 SPSS-X RELEASE 2.2 FOR VAX/VMS PAGE 1 

22:19:15 DEC VAX-11/780 VMS V4.4 

For VMS V4.4 License Number 1127 
*************************************************** 

CONFIGURATION DERIVED IN 3 DIMENSIONS 

STIMULUS COORDINATES 

DIMENSION 
STIMULUS STIMULUS PLOT 1 2 3 

NUMBER NAME SYMBOL 

1 DFD 1 1. 0744 -1. 3251 -0.2477 
2 STRUCCHT 2 0.8922 0.3819 0.2576 
3 DATAMODL 3 0.2790 -0.1629 1.0902 
4 ERMODEL 4 1. 3073 -0.3452 1.1931 
5 STRUCDIA 5 0.1377 0.4369 0.9732 
6 PRESGRAP 6 1. 4321 1.3182 -0.5932 
7 ANAGRAPH 7 0.4011 -0.4816 0.6679 
8 RECLAYOT 8 -0.0236 1.6953 0.2209 
9 DATADICT 9 1. 0707 -1.1475 -0.7128 

10 ANAENTIT A 1.0552 -0.7489 -0.3423 
11 LANSUPPT B -3.0859 0.8114 0.0448 
12 SCRNRPTD C 0.6618 0.4300 -0.8302 
13 IMPTEXPT D -1.6255 -0.1311 -0.7095 
14 COMMUNIC E -1.2257 -0.9110 -0.3239 
15 STANDARD F -0.3034 -0.0979 -1.2178 
16 ANARPTWR G 0.5958 1.0358 -0.3850 
17 PCMAINFR H -2.6431 -0.7581 0.9147 

=================================================== 
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The second criteria for selecting the three 

dimension MDS solution is based on an E test to determine 

if the RSQ for three dimensions is statistically 

significant. RSQ values are the proportion of variance of 

the scaled data (disparitites) in data which is accounted 

for by their corresponding distances. The results of the 

E test, E(51,84) = 12.6756, £ < .01, show that RSQ for 

three dimensions is statistically significant. 

The representation of these similarity judgments 

is shown in Figure 7. Each axis is labeled with a 

suggested interpretation based on the coordinate position 

of each stimulus and the clusters determined from a 

hierarchical cluster analysis (Everitt, 1974 and Veldman, 

1967) on all three dimensions of the coordinate positions 

of the CASE product components. For the hierarchical 

clustering, the researcher used the SPSS-X CLUSTER module 

which uses Ward's (1963) clustering method. Ward's 

method, which uses Euclidean distance, was, selected 

because of its wide acceptance as an agglomerative 

clustering method, and because at each step in the 

analysis, union of every possible pair of clusters is 

considered, and the two clusters whose fusion results in 

the minimum increase in the error sum of squares are 

combined. Even though the clustering was performed using 
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the stimuli points in three dimensional space, for visual 

clarity, these clusters are only shown in the plane of 

Figure 7 as an area circumscribing the appropriate subset 

of components. 

As indicated in an earlier chapter, the MDS 

technique allows the researcher to interpret each axis in 

the resulting model. MDS advocates claim that it is not 

essential that all axes be labeled, and in fact caution 

against arbitrary axis labeling (Kruskal and Wish, 1978, 

p. 49). In analyzing the resulting MDS map, the 

researcher chose to label all three of the axes, however 

the researcher's interpretation of the third axis was more 

tenuous then the other two. Included in the researcher's 

analysis for the interpretation of the axes was the 

dominance rankings of the CASE components, the clusters 

closest to each axis, and the strength of a particular 

component relative to each axis. 

The researcher's interpretation of the first axis 

is labeled "Most Productivity - Least Productivity" 

because it roughly correlates with the preference rankings 

shown in Table 42. There seems to be general agreement 

between systems analysts that use CASE products that those 

components closest to the righ~ side of Figure 7 afford 

them much more in terms of productivity than those 
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components located to the far left side of the figure. At 

least two inferences can be drawn by the researcher from 

this interpretation. First, the respondents may in fact 

get more productivity improvement with the components on 

the far right, gradually reducing their productivity 

improvement as they make use of components on the left 

side. Second, it is possible that some of the respondents 

do not make use of the components on the left side of the 

figure, and they intuitively feel that these components 

would deliver less productivity improvement compared to 

those components on the right side. It appears clear from 

the responses, which are mapped into Table 42 and Figure 

7, that the Data Flow Diagram and the Data Dictionary 

components of the CASE product are contributing the most 

to the systems analyst's productivity improvements over 

manual methods. 

The interpretation label given to the second axis 

by the researcher is "Simple Modeling Components - Complex 

Modeling Components". Simple and complex are used here 

with reference to the "power" associated with each of the 

CASE product's component parts. To illustrate, the 

components nearer to the top of the plane in the figure 

such as "Presentation Graphics" and "Screen & Report 

Design" deliver simple, although very useful, 
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functionality to the systems analyst. "structure 

Diagrams" and "structure Charts", whose base of their flag 

pole is near the center of the plane, are more 

sophisticated (powerful) modeling components, and "Data 

Flow Diagrams" and "Data Dictionary" along with its 

associated "Analysis - Entity" could represent maximum 

modeling power for the users of the CASE products. 

The third axis, which the researcher labeled "Data 

Modeling - Data Flow Modeling", roughly correlates with 

the two prevailing schools of thought for modeling an 

information system. To illustrate, "Data Flow Diagrams" 

and "Data Dictionary" which are two of the components 

below the plane in Figure 7 (eg. those components whose 

flag pole is upside down) are representative of the Data 

Flow Modeling methodology while "Entity/Relationship 

Model" and "Data Model", whose flag pole tops are closest 

to the top of the page in the figure, are representative 

of the Data Modeling methodology. As mentioned, the 

researcher had some difficulty labeling this axis as the 

remaining components may be used regardless of which 

methodology is being used. 

In addition to the researcher's interpretation of 

the axes in Figure 7, some inferences and interpretations 

can be made from the evaluation of the clusters which 
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represent groupings of stimuli based on distance between 

stimuli. Clustering is illustrated, for visual purposes 

only, in the plane of Figure 7 as an area circumscribing 

the appropriate CASE product component parts. Figure 8 

presents the dendrogram of this hierarchical clustering. 

A discussion of the researcher's inferences and 

interpretations from clustering follows. 

Recalling from Chapter 2's discussion about MDS 

techniques, MDS is almost always used as a descriptive 

model for representing and understanding the data. The 

SPSS-X CLUSTER program provided Figure 8's dendogram, and 

the researcher preferred five clusters (visually shown in 

Figure 7) based on the response data for this work. 

The CLUSTER program presented all cluster 

combinations, however the researcher saw little value in 

considering more than six clusters or less than four 

clusters as either of these two groups would have provided 

less meaningful cluster information. A review of the six 

cluster configuration revealed that the "PC to Mainframe" 

and "Local Area Network support" stimuli were in singleton 

clusters. The five cluster configuration combined these 

two singletons. A review of the four cluster 

configuration consolidated a cluster of five stimUli with 

a cluster of four stimuli giving a single cluster of nine 
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Rescaled Distance Cluster Combine 

CAS E 0 5 10 15 20 25 
stimulus +---------+---------+~--------+---------+-//--+ 

1 -+ 
9 -+-----------+ 

10 -+ I 
3 -+ +-------------+ 
7 -+-+ I I 
5 -+ +---------+ I 
4 ---+ +-------------------+ 

12 -+-+ I I 
16 -+ I I I 

2 ---+---+ I I 
6 ---+ +-------------------+ I 
8 -------+ I 

13 -+---+ I 
14 -+ +-------------+ I 
15 -----+ +---------------------------+ 
11 ---------+---------+ 
17 ---------+ 

========================================================== 
CASE stimulus Legend: 

1 = Data Flow Diagram 
2 = Structure Charts 
3 = Logical Data Model Diagram 
4 = Entity/Relationship Data Model 
5 = Structure Diagrams 
6 = Presentation Graphics 
7 = Analysis => Graph Analysis 
8 = Record Layout Generation 
9 = Data Dictionary 

10 = Analysis => Entity Lists 
11 = LAN Support 
12 = Screen/Report Design 
13 = Import and/or Export Facility 
14 = Project Member's Communication via [CASE tool] 
15 = Project Standardization 
16 = Analysis => Report writer 
17 = [CASE tool] works on both a PC and a MainFrame 

Figure 8. Clustering Dendrogram using Ward Method 
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stimuli which the researcher thought to be too large for 

deriving meaningful interpretations. 

The cluster containing "Data Flow Diagram", "Data 

Dictionary", and "Analysis - Entity" appears to the 

researcher to be a cluster of stimuli that affects systems 

analysts' productivity in a very similar (and positive) 

way. In Figure 7, these three stimuli are positioned 

close to the axis labeled "Most Productivity". In 

addition to this, these three stimuli are located close to 

the axis labeled "Complex Modeling Components" which means 

that a high degree of "power" is afforded to the user by 

these stimuli. The combination of "most productive" and 

"complex modeling" could be interpreted as being 

beneficial to systems analysts' productivity. This 

cluster also contains the two most common Data Flow 

modeling tools - the Data Flow Diagram and the Data 

Dictionary. 

The cluster containing "Lan Support", and "PC to 

MainFrame" appears to affect systems analysts' 

productivity in a ~imilar, but converse, way. The effect 

on their productivity improvement over manual methods when 

using these components appears to be minimal. A review of 

Figure 7 shows these two stimuli very near the "Least 

Productivity" axis within the figure. A third cluster 
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containing "Screen-Report", "Present Graph" and others 

also appears to have similar effects on their 

productivity. The effect appears to be that of affording 

the user simpler (less powerful) modeling capability yet 

contributing positively to productivity. This 

interpretation is made based on the observation that all 

of the stimuli in this cluster, with the exception of one, 

lie in the upper right quadrant of the plane, and the one 

stimuli that is not in that quadrant is within .08 of an 

inch from it. 

The fourth cluster in Figure 7 groups the 

"Communication", "Enterprise Adherence to Standards", and 

"Import/Export Facility" stimuli together. The 

researcher's interpretation of this cluster, from 

observing Figure 7, is that these three stimuli appear to 

provide less productivity improvement for the user than do 

eleven other stimuli. The fifth and final cluster in 

Figure 7 has grouped the two most prominent Data Modeling 

tools, Entity/Relationship Diagrams and Data Modeling, 

with two other stimuli, and the interpretation of this 

cluster is that these stimuli appear to positively affect 

productivity over manual methods. 
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Chapter Summary 

The four research questions introduced and 

discussed in Chapter 1 concerning systems analysts' 

productivity when using CASE products were investigated in 

this chapter through a test of hypotheses and 

interpretation of some of the results. 

Several null hypotheses were rejected as expected. 

Based on statistical analysis, the respondents were able 

to perceive differences between pairs of stimuli in terms 

of productivity improvement over comparable manual 

methods. The "Communication" stimulus did have a 

statistically significant impact on productivity when 

compared to the other stimuli, however, its impact was 

negative. The "Standards" stimulus, which also had a 

statistically significant impact on productivity when 

compared to the other stimuli, was positive. 

One of the more interesting results for the 

researcher was the interpretation of the MDS space for the 

survey's stimuli. The researcher labeled and interpreted 

the MDS three dimensional productivity space and made some 

observations about the stimuli based on hierarchical 

clustering. 



CHAPTER 5 

CONCLUSIONS, IMPLICATIONS, AND 

DIRECTIONS FOR FUTURE RESEARCH 

The purpose of this study was to accomplish four 

research objectives: 

1. Investigate systems analysts' ordering preferences 

of specific CASE product components related to 

productivity. 

2. Investigate the relationship of CASE component 

parts to each other. 

3. Investigate, using systems analysts' preferences, 

whether there is a productivity improvement in the 

communication process during information systems 

development when a CASE product is used. 

4. Investigate whether there are productivity 

improvements in the adherence to the enterprise's 

information systems development standards when 

using a CASE product. 

Data collected from a personal computer based survey was 

analyzed to accomplish the objectives. The methodology 

for the research was explained in chapter 3, and the 

results were reported in chapter 4. This chapter 
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discusses the implications, limitations, and 

generalizations of those results and suggests directions 

for future research. 

Conclusions about Systems Analyst 
Productivity Issues in General 

The literature indirectly suggests that many 

factors may contribute to the productivity of systems 

analysts. These factors span a domain ranging from 

cognitive/psychological factors (Vitalari, 1981) (Eliot, 

1985) to rigorous engineering practices (Konsynski, 1984). 

Information systems design methodologies and computer-

aided support for these methodologies are also viewed as a 

contributing factor for productivity and fall within the 

domain mentioned above. Other factors may also enter into 

the productivity formula such as complexity of the system 

being analyzed and designed, sophistication of the 

available technology, computer literacy of the clients, 

and the number and relationship of communication channels 

(eg. project team members) (Ward, 1984). Refer to Chapter 

2's literature review for a more in-depth discussion of 

these factors. 

In an attempt to improve productivity as well as 

software quality, the MIS community is beginning to 

embrace computer-aided software engineering (CASE) 
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technology. The leading vendor of CASE products sold has 

indicated in one of its recent "Introductory Seminar" 

letters that it has shipped over 5,000 copies of its 

product to over 1,000 sites. Huling (1987) indicates that 

this vendor has shipped over 5,500 copies of its CASE 

product. Enterprises using CASE products are claiming 

productivity improvements of up to 30% on some of their 

projects. 

This research, which represents an initial study 

of CASE technology and its effect on productivity, had a 

goal of identifying the component parts of CASE technology 

that afford systems analysts the most productivity 

improvement over manual methods. This goal was 

accomplished by conducting a survey of respondents who 

were actual users of a specific CASE product. There was 

no attempt in this initial study to measure the amount of 

productivity improvement. The researcher wanted to 

identify and isolate the functions within CASE technology 

that contribute the most to productivity to set the stage 

for future research which would attempt to measure 

productivity improvements. 

The analysis and interpretation of the data from 

the respondents provided the researcher with some valuable 

information. Four research objectives were investigated, 
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and Table 54 lists each research objective and a brief 

summary of the results. Each objective is discussed in 

summary form here, and the reader is directed to Chapter 4 

for additional analysis and observations. 

with respect to the first research objective, the 

systems analysts were clearly able to identify the 

component parts of a specific CASE product that they 

perceived as contributing the most to their productivity 

over manual methods as well as to identify the components 

that provide minimal contribution to their productivity. 

Table 55 summarizes the four components that appear to 

contribute the most to their productivity, and Table 56 

summarizes the two components which appear to contribute 

the least. Of the 11 remaining component parts (stimuli) 

of the specific CASE product used in the study, the 

systems analysts were less sure of the contribution each 

has to their productivity. 

This researcher has found through personal 

communication with other researchers and practitioners 

that they intuitively feel that automated Data Flow 

Diagram and Data Dictionary software (stand-alone or 

integrated) would contribute positively to increasing 

systems analysts' productivity. This research has, 

through an empirical study, supported this intuitive claim 
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Table 54 

Summary of Research Objectives and Results 

========================================================== 
Research objective 

Investigate systems analysts' 
ordering preferences of 
specific CASE product components 
related to productivity. 

Investigate, using systems 
analysts' preferences, whether 
there is a productivity 
improvement in the 
communication process during 
information systems development 
when CASE technology is employed. 

Investigate whether there are 
productivity improvements in the 
adherence to the enterprise's 
information systems development 
standards when using a CASE 
product. 

Investigate the relationship of 
CASE component parts 
to each other. 

summarized Results 

Respondents were able 
to specify their 
ordering preferences. 

A subset of this 
objective was invest
igated comparing 
communication to the 
other 16 stimuli. 
Overall, Communication 
was a lesser factor on 
productivity; individ
ually it was signifi
cantly stronger than 
two stimuli and sig
nificantly weaker than 
seven stimuli. 

A subset similar to 
the above was inves
tigated. Overall, 
Standards was a 
stronger factor on 
productivity; individ
ually it was signifi
cantly stronger than 
seven stimuli and 
significantly weaker 
than two stimuli. 

Multi-Dimensional 
Scaling and Clustering 
were used by the 
researcher for making 
observations and 
inferences. 

========================================================== 



Table 55 

CASE Product Component Parts that contribute 
the Most to Systems Analysts' Productivity 

============================================ 

1. Data Flow Diagram 

2. Data Dictionary 

3. Project Standardization 

4. Screen and Report Design 

============================================ 

Table 56 

CASE Product Component Parts that contribute 
Minimally to Systems Analysts' Productivity 

============================================ 

1. CASE product works on both a PC 
and a mainframe computer. 

2. Local Area Network support for 
the CASE product. 

============================================ 
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for the population of enterprises that received the 

initial letter to participate in the research. 
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with respect to the second research objective, 

Communication was perceived as being statistically 

significant in the negative direction when compared to the 

other CASE component parts. The respondent's perceptions 

are that Communication is not improving their productivity 

as much as most of the other component parts. This is an 

interesting result from the researcher's point of view 

because communication continues to be an element of 

systems analysis and design that needs improved 

techniques. This work has shown that this group of 

respondents does not perceive a statistically significant 

improvement when compared to the other CASE product 

components. 

with respect to the third research objective, 

Standards was perceived as being statistically significant 

in the positive direction when compared to the other CASE 

component parts. The respondent's perceptions are that 

adherence to Standards is contributing to their 

productivity more than most of the other component parts. 

This is an interesting result from the researcher's point 

of view because Standards adherence continues to be an 

element of systems analysis and design that needs improved 
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monitoring techniques. This worle has shown that this 

group of respondents perceives a statistically significant 

improvement when compared to the other CASE product 

components. 

with respect to the fourth research objective, 

some conclusions can be drawn from the work in this study. 

Using multi-dimensional scaling (MDS) techniques the 

researcher explored the relationship between CASE product 

component parts. Essentially, the relationship of CASE 

product functionality was investigated using a specific 

CASE product. The researcher was able to plot the various 

components in three dimensional space along with the 

identification of clusters of components. An 

interpretation was given to each of the axes based on the 

researcher's knowledge of the component parts of the CASE 

product as well as where each was plotted in the MDS 

space. Table 57 summarizes the interpreted axis labels, 

and the researcher believes that these labels are roughly 

correlated with the stimuli as they are plotted in the MDS 

space. 

Table 58 summarizes the five hierarchical clusters 

for the stimuli. Cluster A shows that the respondents 

perceive a relationship on their productivity between the 

use of Data Flow Diagrams and the Data Dictionary. 



Table 57 

summarization of MDS Solution Dimensions 

======================================== 

x-Axis: Most Productivity -
Least Productivity 

Y-Axis: Simple Modeling Components -
Complex Modeling Components 

z-Axis: Data Modeling -
Data Flow Modeling 

======================================== 
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Table 58 

Summary of stimuli Hierarchical Clustering 

========================================== 

CLUSTER A: 

Data Flow Diagrams 
Data Dictionary 
Analysis -> Entities 

CLUSTER B: 

LAN support for CASE product 
CASE product runs on both a 

PC and Mainframe computer 

CLUSTER C: 

communication among team members 
Import and Export Facility 
standards adherence 

CLUSTER D: 

Structure Diagrams 
Data Modeling 
Entity/Relationship Models 
Analysis -> Graphs 

CLUSTER E: 

Presentation Graphics 
Structure Charts 
Screen & Report Designs 
Analysis -> Report writer 
Record Layout Generation 

========================================== 

192 



193 

Although the researcher found no prior literature 

supporting or refuting the finding, this finding is 

consistent with intuition about CASE products. In fact, 

this relationship is the strongest (eg. the two stimuli 

points are very close to each other) of all the stimuli 

relationships as shown in Figure 7. A third stimuli, 

"Analysis -> Entities", was also clustered with these two 

·stimuli indicating a similarity in productivity 

improvement. This can be explained by the fact that the 

"Analysis -> Entities" function is used to produce reports 

on the many different entities that exist in the Data 

Dictionary. In addition to this, the symbols on a Data 

Flow Diagram are included in the Data Dictionary as 

entities. Therefore, the respondents may see this stimuli 

as being very important when bundled with their usage of 

the Data Dictionary and Data Flow Diagrams. 

The researcher was interested to find that the 

respondents did not perceive the use of the "Analysis -> 

Graphs" function as being similar, with respect to their 

productivity, to the three stimuli discussed above. The 

primary purpose of this function is to validate Data Flow 

Diagrams. The MDS representation and the clustering 

technique show that the respondents perceived this stimuli 

to be similar, with respect to their productivity, with 
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Data Modeling, structure Diagrams, and Entity/Relationship 

Diagrams. A possible explanation for this would be that 

the respondents make less use of the "Analysis -> Graphs" 

function. Perhaps their utilization is similar to their 

utilization of the three functions it is similar to. A 

further possibility is that the systems analysts were 

experienced with Data Flow Diagramming techniques and, 

therefore the "Analysis -> Graphs" function is perceived 

as being of less value in terms of productivity to them. 

Cluster group B in Table 58 and shown in Figure 7 

is another interesting cluster. The respondents indicated 

that these two stimuli afforded them minimal productivity 

improvements compared to all other stimuli. Some possible 

explanations for this finding are discussed here. First, 

the respondents may not be using these two functions and, 

therefore, perceive them to be of little value in terms of 

productivity. Second, the respondents are using these 

functions but, compared to the other stimuli, these 

functions are offering less productivity improvements. 

Another possible explanation is that these functions are 

perceived as being more complex, and, therefore, the use 

of them does reduce productivity. A final explanation for 

this finding is that the respondents view these two 

functions as necessary for successful integration of team 
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member's contributions to the project but attribute little 

productivity improvement to them. 

The final observation about systems analyst's 

productivity relates to Cluster C in Table 58 and also 

shown in Figure 7. The "Import/Export" function is 

perceived as contributing less to the systems analyst's 

productivity compared to the other CASE product functions. 

It was also perceived as being a simple function, perhaps 

as simple as a few keystrokes. Clustered with this are 

the "communication" and "standardization" factors which 

are also perceived as providing a similar amount of 

productivity improvement. An explanation for this may be 

that "communication" and "standards" adherence are factors 

that are integral to the use of CASE products but are not 

actual "functions" on a menu of options. In other words, 

the systems analysts perceive that they either have 

improved communication and/or adherence to standards when 

using the CASE product or they do not. On a relative 

basis, this productivity improvement is similar to that 

afforded by the "Import/Export" function. 

Limitations of the Research 

This section reviews the limitations which 

appeared in the research methodology and considers the 



impacts on the results. The limitations fit into three 

categories: 

1. Survey instrument 

2. Sample population 

3. CASE product useability versus functionality 

196 

As discussed in Chapter 3, a prototype survey was 

conducted with 17 respondents completing it. The 

prototype survey revealed some weaknesses in its design 

which were subsequently corrected. Nonetheless, this 

current study has some limitations, and the reader should 

consider the findings in light of the following discussion 

of these limitations. 

Survey Instrument 

1. Both of the survey questions, as shown in Figures 

3 and 4 in Chapter 3, implied that the respondents were 

experiencing increased productivity with the CASE product 

stimuli. The respondents had to select one of the stimuli 

from the displayed pair even if neither was delivering 

more productivity for them as individuals. The question 

design was based on the hypothesis that CASE products 

deliver more productivity, and, therefore, their component 

parts contribute to this increase. 
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since the researcher was interested in their 

perceptions, the respondents had to select from the 

stimulus pair even if they had never used either of the 

stimuli. The researcher's statistical tests in Chapter 3 

revealed that the subjects were responding in a manner 

that was statistically better than chance. In addition to 

this, approximately 33% of the respondents made comments 

at the conclusion of the survey, and none of them 

indicated that they were experiencing reduced productivity 

when using the CASE product. The only comment remotely 

related to this was " ... it was impossible to indicate a 

toss-up between choice 'a' and 'b'. When this condition 

arose, I selected value 1." 

Based on the statistical tests and the lack of 

comments about this issue, the researcher believes that 

the question's implication was appropriate. 

A solution for overcoming this potential 

limitation in future work would be to ask a question near 

the beginning of the survey that would allow the 

respondent to differentiate between the stimuli that are 

increasing productivity and the ones that are not. The 

results of this question could then be used when 

presenting the stimuli and their question to the 

respondent. 



2. Another possible limitation is that the word 

productivity was not defined by the researcher in the 

survey prior to its use in the survey question (eg. "Of 

the following items which one most increases your 

productivity over manual methods?"). The researcher, 

focusing on perceptions, allowed the respondents to 

associate their own definition to the word. This could 

confound the research since no "standard" definition of 

productivity was established as a reference point. 
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The researcher wanted the subjects to use their 

own semantic interpretation of productivity rather than 

try to create a "common" definition which could bias the 

results in favor of the researcher. The researcher wanted 

the bias, if any, to be that of the respondents' 

interpretation of productivity. In addition to this, the 

researcher believed that there would be a high degree of 

correlation between the various interpretations of the 

word productivity. 

Two final points of discussion on this limitation 

are necessary. The first is that the researcher also 

believed that the complexity of the survey for the 

respondents would have increased if a "common" definition 

was given to productivity. There will be discussion on 

the actual survey questions later in this section, and a 
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"common" definition for productivity would have made t.he 

answering process more complex as the respondents would 

have had to remember the "common" definition of 

productivity rather than the one they are used to working 

with. The final comment on this issue is that there were 

no comments from the respondents indicating that they had 

any difficulty applying a definition to the word 

productivity. 

The researcher does now recognize this as being 

potentially problematic "and would therefore plan to 

provide a "common" definition for productivity if used in 

any subsequent work. 

3. Another possible confound, similar to the one 

above, relates to the researcher not defining the word 

similarity in the second survey question (eg. "Rate how 

similar these items are in their effect on your 

productivity"). Again, the researcher wanted respondents 

to use their definition rather than one that the 

researcher proposed. The only comment from the 

respondents that related to this situation is the one 

mentioned in the preceding discussion on productivity. 

Aside from this, the respondents did not indicate any 

difficulty with this word. A definition of this word 

would be advised for future work. 
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4. Another possible confound for this work focuses on 

the first survey question (eg. "Of the following items 

which one most increases your productivity over manual 

methods?"). The notion of question complexity may be 

raised, although none of the respondents indicated having 

difficulty with the question's complexity. This research 

had a specific goal of identifying productivity 

improvements when using automated tools versus using 

manual tools. In other words, the researcher explicitly 

wanted the baseline for this research to be manual tools 

as opposed to other possible automated tools. The 

researcher believes that the question needed to be phrased 

accordingly in order to clearly indicate to the 

respondents that the productivity improvement measurement 

for the stimuli was to use comparable manual tools as the 

baseline. 

In personal communication with the second co

author of (Alreck and Settle, 1985), the researcher was 

advised that question complexity most often results in 

response confusion/bewilderment which would show up as 

guessing or random responses. This kind of problem would 

generally be identified by the various statistical 

routines used in analyzing the data such as inconsistent 

triads, unusual E-test results, and abnormal clustering in 



cluster analysis. Since none vf the above statistical 

tests yielded unusual results, the researcher is 

suggesting that question complexity is not pervasive in 

this work. 
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For extensions to this work, the researcher could 

ask the respondents in the demographic data collection 

part of the survey to identify the amount of time they 

have used manual tools and the amount of time they have 

used other automated tools. This technique could allow 

for a less complex survey question. 

5. A few of the respondents indicated that some of 

the pairs of stimuli being displayed were incongruous. 

The following two comments revealed this to the 

researcher. " ..• the choices did not always convey my true 

meaning, as some of the choices were interrelated in their 

functionality .•. " and " ... at first it seemed like 

comparing apples and oranges, but I got the hang of it 

after awhile ... ". These two comments perhaps indicate 

that these respondents had difficulty keeping the research 

questions framed properly. It may be true that a 

particular pair of stimuli could be different in their 

functionality, but the ~esearcher had hoped that the 

respondents could still be able to assess the contribution 

of each towards their productivity. For example, "LAN 
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Support" is different than "Data Flow Diagram". The first 

deals with an implementation capability of the CASE 

product while the second is a specific function within the 

CASE product. Nonetheless, it was hoped that each 

respondent could assess which of the stimuli contributed 

more towards increased productivity. In the case of "LAN 

Support", the manual method equivalent of this might be 

that project team members had to pass paper documents 

between each other and hold meetings in order to aggregate 

project deliverables. with this in mind, the respondents 

could assess the productivity contribution over the manual 

method equivalent and then do the same thing for the other 

stimulus in the pair. Once both of the pair of stimuli 

had been assessed, the respondent could then determine 

which of the pair contributed more towards increased 

productivity. 

6. A sixth possible limitation deals with the stimuli 

definitions. The definitions were not given to the 

respondents prior to them taking the survey as is usually 

done in a paper-based survey. Rather the definitions were 

available on an "as needed" basis by pressing a "help" key 

on the keyboard each time the stimulus appeared in the 

item pair. The researcher chose this method because 1) 

having the respondents read all the definitions prior to 
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the start of the survey could have added additional (and 

possibly unnecessary) time to the length of the survey, 2) 

the respondents knew that they could get the definition 

any time they wanted it by pressing a "help" key on the 

keyboard, and 3) the researcher believed that the 

respondents would be familiar with many of the stimuli 

because they use them. 

The collected data, Table 36 in Chapter 3, reveals 

that 85% of the respondents used less than a minute of 

their time for displaying definitions. In future work the 

researcher could display the definitions at the beginning 

of the survey and also have them available during the 

survey on an "as needed" basis. 

7. The second to last limitation discussed by the 

researcher in this section deals with the fatigue factor 

when taking the survey. On the average, the respondents 

took less than 30 minutes to answer the survey questions. 

Forty-four percent of the respondents took less than 25 

minutes to answer the questions. A comparable paper-based 

survey doing pairwise comparisons ·could take longer than 

this and be more problematic. All surveys can have an 

element of fatigue in them, especially when the questions 

being asked are repetitious. Fatigue, if significant, 

usually manifests itself in the same way that question 
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complexity, limitation 4 above, does. Since the analysis 

revealed no unusual results, the researcher believes that 

fatigue, although possibly present, was not a significant 

confound for this work. 

For extensions to this work, the researcher could 

design a survey instrument that could be completed in less 

time thus possibly reducing the fatigue factor even more. 

8. One final possible confound needs mentioning here. 

Some of the respondents may have perceived that there was 

no manual method equivalent of the displayed CASE product 

stimulus. The IICASE product works on both a PC and 

Mainframe ll stimulus may possibly be in this category. 

Although the researcher believed that significant 

productivity improvements were to be gained by having the 

same CASE product functioning on a PC as well as a 

mainframe, the respondents indicated that this stimulus 

provided them very little in productivity improvement. 

This does not mean that no productivity increase may be 

attributed to this stimulus. It simply means that, 

compared to all other stimuli, it was rated very low. The 

respondents made no comments about this possible confound 

so the researcher believes that its limitation on the 

study is minimal. 
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Sample Population 

1. The first potential limitation relates to the 

initial letter requesting participation in the survey. It 

was sent to enterprises belonging to the specific CASE 

product's user group. Specifically, the letter was 

addressed to the "authorized voting representative" (or 

contact person) designated by the enterprise for the user 

group. This person, in most cases, decided whether (or 

not) the enterprise participated in the survey. Some bias 

could be introduced into the research based on the 

motivation to participate on the part of this individual. 

A copy of the researcher's dissertation was offered as an 

incentive for the enterprise to participate, however this 

may not have been enough incentive for some contact 

persons. Although the researcher would have liked to have 

a larger sample of enterprises, 47 (23%) of the 200 

enterprises receiving the initial letter responded which 

represents a statistically valid sample size. 

2. Another possible limitation again concerns the 

"authorized voting representative." This person also 

received the actual survey instrument (diskette) and, in 

most instances, asked or selected the individuals in the 

enterprise to take the survey. Again, some bias could be 

attributed to this individual's selection of subjects for 
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the survey. The researcher believes that there was no 

better way to identify qualified participants (in the 

sense that they had to be users of the CASE product). In 

support of this belief, the researcher split the 

respondents into two groups - contact persons and non

contact persons. The data for each group was analyzed and 

correlated with the other group. There was over 80% 

correlation in the data between the two groups which leads 

the researcher to believe that the respondents represent a 

homogeneous group. 

3. A third possible limitation was the ability of the 

respondents to perceive differences in their productivity 

when using one CASE component over another CASE component. 

Based on the results of the data and on the respondent's 

comments, it is clear that the respondents were able to 

identify the top four or five components that afforded 

them the greatest productivity improvement as well as the 

bottom three or four components. The components that fell 

in between these were more difficult to perceive 

productivity improvements. Future work in this area could 

focus primarily on the stimuli that afforded the 

respondents in this survey the greatest productivity 

improvement. 
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4. This potential limitation relates to the 

respondent's familiarity with the CASE product components 

and how many of the CASE product components they actually 

use. Several respondents commented on this issue: 

" ... this was difficult to do given that I have not tapped 

the full potential of [CASE product] ... ", " ... 1 haven't 

made much use of some of the [CASE product] features 

yet ... ", " .•. some of the features .•. are ones which I have 

not used ... ", " •.. 1 did have a little difficulty on some 

of the questions ... given my lack of exposure to some of 

the productivity tools ..• ", and " .•• we've really yet to 

tap the full resource of the product ... ". 

The researcher intentionally selected a robust 

CASE product for this research. It is not surprising that 

some of the respondents did not have a familarity with all 

of the product's functionality. For example, a given 

enterprise may use "Structure Charts" and therefore, not 

make use of "Structure Diagrams." 

The survey instrument instructed the respondents 

to speculate about a potential productivity improvement if 

they had not used a stimulus. This situation could 

confound the results as we have data that represents the 

respondent's perceptions based on actual experience with 

the stimuli combined with data that represents the 
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respondent's perceptions based on speculative use of the 

stimuli. 

Any extensions to this work should include a 

method for identifying (or eliminating) those respondents 

who would be speculating about a stimulus from those 

respondents that have actual experience with the stimulus. 

5. The last potential limitation in this section 

considers the respondents in relation to the total 

population of users in the XL/GROUP for this CASE product. 

The issue of extending the results beyond this population 

is covered in the next section of this chapter. The 

sample size is statistically significant to generalize the 

results beyond the sample to the population of the 

XL/GROUP at the time of the initial letter mailing. Any 

generalizations going beyond this population should be 

viewed with caution. 

CASE Product Useability Versus Functionality 

The last area of possible limitations centers on 

the concepts of useability and functionality. The 

researcher made no distinction between useability of the 

CASE product functional components and the actual 

functionality ~f the CASE product components. From the 

researcher's perspective, useability relates to the 
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implementation of a specific function, and functionality 

relates to the task(s) performed by the component. 

Although the function itself may be very beneficial for 

productivity, its useability (eg. implementation in a CASE 

product) may be perceived by the systems analyst as being 

awkward, too difficult, etc. One respondent commented 

"One assumption I made when answering the questions was 

that [CASE product] handled the functions well ... ". 

Again, using perceptions of the respondents, the 

researcher hoped that this issue would not be significant, 

and, based on only one respondent's comment on this issue, 

believes that it may not have been significant. 

Nonetheless, future research could include a technique to 

assess each respondent's perception of useability and 

functionality of the individual stimuli. 

Generalization of the Results 

The generalization of the results must be tempered 

by the following factors. 

1. The 200 non-unique enterprises receiving the 

initial letter asking for participation in the survey was 

the entire population of the CASE product user's group, 

which represented about 20% of the total non-unique 

enterprises using the specific CASE product. This is a 
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valid response rate which would indicate that the results 

could be extended beyond the user's group to include the 

entire population of enterprises that use the specific 

CASE product. 

The response rate for individual respondents is 

very difficult to determine. For example, 91 respondents 

completed the survey. The researcher only knew that there 

were approximately 4,000 copies of the CASE product in the 

marketplace at the time of the survey. There was no 

information available that indicated how many actual users 

there were of the CASE product either in total or brok8n 

down by enterprise. 

Ninety-one respondents would suggest to the 

researcher that this represents a statistically 

significant individual response rate for the 47 

enterprises that returned completed surveys, but the fact 

is that the researcher does not know this for sure. 

Therefore, extending the results beyond the 47 enterprises 

to include the population in the user's group could still 

be statistically significant, but again the researcher 

does not have the data to support this assertion. 

Extending the results beyond the user's group population 

would be highly speculative. 
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2. A second tempering factor for generalizability is 

that the CASE component parts selected as the stimuli for 

the survey are the most significant identifiable 

functional components of the specific CASE product. Not 

all commercially available CASE products include all of 

these component parts, and therefore, the selected stimuli 

would not necessarily be appropriate for a population of 

CASE users ~hat use a different CASE product. 

3. Another generalizability tempering factor is that 

the survey requested that the subjects make selections 

based on their perceptions. The Psychology literature 

indicates that perceptions change over time, therefore our 

survey results could show differences if administered to 

the same subjects at a different time. 

4. A fourth and final factor limiting 

generalizability is that the survey respondents were all 

users of one specific CASE product. This was by design as 

the researcher wanted to hold the CASE product constant 

across all respondents. This allowed the researcher to 

use stimulus names specific to the CASE product rather 

·than generalizing the names so that they would fit any 

CASE product. As implied in tempering factor 1 above, any 

generalization beyond the users of the specific CASE 

product would be highly speculative. 



212 

In summary, the results provide for some 

generalization and direction but not definite conclusions. 

Future research of CASE technology and productivity must 

pursue broader generality. 

Implications of the Results 

The results of this research could have 

implications for several groups in the management 

information systems field: 

1. Systems Analysts 

2. Managers 

3. Software Engineering Vendors 

4. Software Engineering Researchers 

Implications for systems analysts fit three 

categories: 1) all systems analysts, 2) systems analysts 

already using CASE technology, and 3) systems analysts not 

yet using CASE technology. For all systems analysts, CASE 

technology should not be viewed as a solution for all of 

their problems. It is doubtful that any technology will 

sUbstitute for improving the systems analysts' 

professional skills. Systems analysts must continually 

improve their interpersoD01 skills while at the same time 

staying abreast of technological advances. 
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For the systems analysts that are currently using 

CASE technology, this study shows via perceptions that 

productivity improvements were attributed to CASE 

technology for the respondents of the survey. It also 

identified the component parts of a specific CASE product 

that were perceived to provide the most productivity as 

well as those that offered the least improved 

productivity. Systems analysts that use other CASE 

products may be able to draw some inferences from this 

study as many of the CASE products have generic 

equivalents of the stimuli used in this survey. 

The study also indicates that there are perceived 

productivity improvements attributed to adherence to the 

enterprise's systems development standards when using CASE 

technology. This is significant in light of the fact that 

most of the larger enterprises have rigorous system 

development methodologies and associated standards. 

For the systems analysts that do not use CASE 

technology, this study could be a motivating reference for 

them to continue their education and knowledge of CASE 

technology. The use of automation to assist in systems 

development will continue to increase over the next 

decade, and systems analysts need to stay current with it. 

In addition to this, they should work to have the 
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technology introduced in their enterprises. Quite often 

management will respond when systems analysts show 

cost/benefit analyses related to new technologies. Along 

with cost/benefit analyses, the systems analysts should 

provide a plan for an orderly introduction of the 

technology into the enterprises. If the systems analysts 

believe the technology will improve their information 

systems development efforts, provide management with 

cost/benefit analyses, and prepare a plan for 

introduction, then management may decide to acquire the 

technology. 

For managers of information systems, this study is 

a step towards rigorous validation of the effects of CASE 

technology on systems analysts' productivity. It may also 

acquaint them with some of the features of commercially 

available CASE products. Many of these CASE products are 

robust, new CASE product offerings become available nearly 

every month, and existing CASE products are continually 

enhanced. Merlyn (1987) suggests that CASE technology 

corne under an organizational umbrella called the 

Development Center. This organization would view the 

systems development process the same as developing an 

information system. Its charter would be to assist in the 

investigation, introduction, monitoring, and on-going 



support of new technologies which can be applied to the 

systems development process. 
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Information systems managers are continuously 

faced with large backlogs, employee turnover, and pressure 

to develop higher quality systems in a more cost effective 

manner. CASE technology, although not a panacea for all 

these stresses, appears to be a valuable contribution to 

the systems analyst's workbench. 

Managers should also be interested in the findings 

related to adherence to systems development standards. 

These findings are valuable since many enterprises have 

standards which must be enforced. This study shows via 

perceptions that the use of CASE technology has a tendency 

to increase one's productivity when adhering to the 

enterprise's standards over adhering to the enterprise's 

standards via manual methods. 

The implications for software engineering vendors 

are positive. The perceptions of the respondents in this 

survey appear to show that CASE technology increases 

productivity over manual methods. This study did not 

attempt to measure the degree of productivity improvement, 

but represents a step in that direction. The intuitive 

claims about improved productivity made by vendors have 

been supported through this research, however the amount 
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of productivity improvement was not investigated. Vendors 

should continue to enhance their product offerings to 

address those facets of the systems analyst's job that 

will deliver the greatest increases in productivity 

coupled with increased system quality. 

Another interesting implication for the vendors is 

that their product offerings need not be as robust in 

functionality in order to positively affect productivity. 

Based on the sample population's perceptions, it appears 

that "LAN Support" and "CASE product works on PC and 

Mainframe" are perceived as being less valuable in terms 

of productivity when compared to the other stimuli in the 

survey. 

Implications for software engineering researchers 

are that they should continue to push the frontiers of 

technology to continue to automate more of the systems 

analyst's job duties. Increased productivity should 

result from this as well as increased system quality. The 

information systems being developed in the late 1980's are 

much more sophisticated, integrated, interactive, and 

distributed than their predecessor applications. These 

systems possibly exceed the ability of a human mind to be 

fully knowledgeable of the system, and do completeness, 

consistency, and integrity checking in a timely manner. 
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The MIS discipline may be in an era where large systems 

development efforts must be assisted by CASE technology. 

Directions for Future Research 

This study represents an empirical investigation 

of CASE technology and its perceived effects on systems 

analysts' productivity. Efforts have been made to 

structure this research in a form that allows refutation. 

The current study may be replicated and expanded in 

several directions. 

1. Replicate the study using a different sample of 

subjects. 

2. Replicate the study using a different CASE 

product. 

3. Perform a similar study using subjects that 

represent multiple CASE products. 

4. Perform a similar study with a reduced stimulus 

list, perhaps choosing the top 10 stimuli. 

Include in this study questions that would allow 

inferences regarding how much productivity is 

increased. 

5. Perform a similar study investigating productivity 

when combining stimuli. One respondent commented 



that this would be an interesting study to 

perform. 

6. Investigate the useability versus functionality 

factor for CASE component stimuli. 
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7. Perform a similar study that would allow for 

separating the subjects that had actual experience 

with the individual stimuli from those that would 

be speculating about a particular stimulus. 

8. Investigate the other issues identified in Chapter 

1 of this study (Table 2). 

Chapter Summary 

This chapter has discussed several limitations 

of this research and their impact on the results. 

Generally, the impacts appear minimal, and suggestions 

have been made to resolve them. The major limitation of 

the results is their generalization to systems analysts 

that use other CASE products because the sample size was 

small, and a few of the stimuli may be CASE product 

specific. The researcher believes that there are generic 

equivalents to the stimuli used in the study, and the 

investigation of this issue is reserved for a future 

study. 
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Overall, this study has demonstrated that systems 

analysts are capable of identifying, through their 

perceptions, the component parts of CASE technology that 

afford them productivity improvements over comparable 

manual methods. Additional empirical research focusing on 

CASE technology issues is needed in order to build a 

robust knowledge base that willI) identify strengths and 

weaknesses of CASE technology, 2) identify future 

directions for enhancing CASE technology, and 3) give 

practitioners the necessary information to make decisions 

regarding the introduction and widespread use of CASE 

technology into their enterprises. 
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IndtJJt TocJmology COIJXIl'ltron 
'01 ""am Street 
Camer'age Massac"userts 02'012 

6170191·2'00 

Ronald Norman 
San Diego State University 
Dept. of Info. & Decision Systems 
San Diego CA 92182 

Dear Prof. Norman, 
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November 26, 1986 

This letter is to introduce Professor Ronald J. Norman of San Diego State University, and 
to invite San Diego State University to participate in his current study of the relationship 
between automated tools and systems analyst productivity. 

Prof. Norman is an Assistant Professor of Information and Decision Systems in San Diego 
State's College of Business Administration. This study is part of his doctoral thesis to 
complete the degree requirements of the University of Arizona. His thesis advisor is Prof. 
Jay Nunamaker Jr., with whose work you may be familiar. 

This phase of the study involves surveying analysts and managers on the relative benefit of 
the concepts, techniques, and tools used in Excelerator. Prof. Norman will send each 
participating organization a PC-based survey on diskette, to be taken by the appropriate 
individuals and returned. The time needed to complete the survey is approximately 30 
minutes for each individual. Participating organizations will receive a copy of both the 
results of the study and Prof. Norman's thesis. The identities of organizations will not 
appear in the thesis or published articles unless otherwise agreed. 

InTech is assisting this study as part of our Research Incentive Program. A pilot version of 
the PC-based survey was conducted with volunteers at the Excelerator User Conference in 
San Diego last September. InTech is identifying and contacting likely participant 
organizations from the Excelerator user community. However, please note that InTech is 
not responsible for the content or conduct of the study. 

Please consider taking part in Prof. Norman's study. User productivity measurement for 
software engineering tools is an emerging area of research. Your participation can 
contribute to new understandings of user productivity, which in tum may have an impact 
upon the direction of tool development for years to come. 

If you would like to participate or would like further information from Prof. Norman, 
please return the enclosed form as soon as possible, preferably by December 8. 

Sincerely, 

Elliot J. Chikofsky / 
Manager, Technology Programs 



Index Technology Corporation 
Attention: Research Incentive Program 
101 Main Street 
Cambridge, MA 02142 
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Referral for Participation in Study 

Automated Tools and Systems Analyst Productivity 
(Prof. R. Norman, San Diego State University) 

Check one: 

Please forward my name to Prof. Norman for my organization 
to participate in this study. 

We require further information before participating. 
Please have Prof. Norman contact us. 

Please print or type: 

Name: 

Title: 

Organization: 

Mail Stopl Dept: _____________________ _ 

Address: 

Phone: . __ --' ____________ ext __ _ 

Please return this form to Index Technology at the address above as soon as possible, 
preferably by December 8, 1986. 



INFORMATION AND DECISION SYSTEMS 
COLLEGE OF BUSINESS ADMINISTRATION 
SAN DIEGO STATE UNIVERSITY 
SAN DIEGO CA 92182·0127 

(619) 265·5316 

December 4, 1986 

Dear Excelerator User: 
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Thank you for your response to the letter from Index Technology 
Corporation introdUCing me and my current research study of the 
relationship between automated tools and systems analyst 
productivity. 

This PC-based survey was administered at the Excelerator Use~ 
Conference last September as a pilot, and this mailing represents 
the actual research survey. Enclosed you will find: 

1) The PC-based survey diskette. 
2) A single page of the survey's operating instructions. 
3) A pre-addressed and stamped diskette jacket for 

returning the diskette. 
4) Samples of the survey's screens. 

I would like as many of your organization's Exceler~tor users 
<systems analysts) as possible to take the PC-based survey. The 
survey's program can be stopped after each person finishes the 
survey, or it can run in a continuous manner to allow several 
individuals to take the survey in succession. 

Each person taking the survey should be allowed as much time as 
he/she needs, however prototype survey results indicate that the 
average time is between 20 and 30 minutes. 

When all users have finished taking the survey please place the 
survey diskette in the enclosed jacket, seal it, and mail it back 
to me. I would appreciate receiving the diskette by January 5, 
1987. 

Thank you for your interest in this research, and I look forward 
to a continued professional relationship with you. 

Sincerely, 

~JJ~ 
Ronald J Norman, CDP 
Assistant Professor 



INFORMATION AND DECISION SYSTEMS 
COLLEGE OF BUSINESS ADMINISTRATION 
SAN DIEGO STATE UNIVERSITY 
SAN DIEGO CA 92182·0127 

(619) 265·5316 

EXCELERATDR PC-BASED SURVEY INSTRUCTIONS 

December 4, 1986 
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The Excelerator PC-based survey is designed to run on the IBM 
PC/XT/AT family of personal computers and should also run on most 
compatibles. The computer you use needs at least 196KB of 
available memory and either a color or monochrome monitor. The 
survey does make use of screen color. PC/MS-DOS 2.1 or greater is 
required, and there is no requirement for a printer. 

To administer the PC-based survey please follow these steps: 

1) 800t your computer with PC/MS-DOS 2.1 or later. 

2) 8e sure the DOS DATE and TIME are set for today's date 
and time as the survey needs this information. 

3) Place the SURVEY diskette in disk drive A (or B). Be sure 
the A: drive (or 8:) is the default drive by typing 
"A:" (do not type the quotes) at the DOS prompt. 

4) Type the following underlined command: 

A:)SURVEY 

5) The survey program will begin running within 10 seconds. 
To end the program press CTRL-END key combination at the 
first screen display. 

Thank you for your participation in this survey. 

Ronald J. Norman 
Assistant Professor 



EXCELERATOR 

PC-BASED SURVEY 

SAt,1PLE SCREENS 

DeceMber 4, 1986 

Ronald J. Norl1lan 
Assistant Professor 

Infor~ation & Decision Syste~s Depart~ent 
San Diego State University 

San Diego, California 92182-0127 
619/265-5316 
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12/04/86 

12/04/86 

SYSTEMS ANALYST PRODUCTIVITY SURVEY 

Press any key to activate the program' 

Copyright (c) 1986 Ronald J. Norman 
San Diego State University 

619/265-5316 

Press ~END (Ctrl-End key combination) to END the program 

SYSTEMS ANALYST PRODUCTIVITY SURVEY 

Welcome to our PC-based EXCELERATOR Survey' 

SURVEY'S PURPOSE: 

To rank order EXCELERATOR's capabllitles and 
benefits as they relate to systems analyst's 
productivity. 

INTENUED SURVEY PARTICIPANTS: 

A working knowledge of EXCELERATOR is necessary 
for meaningful completion of this survey. Its 
intended participants are systems analysts or 
others that use the EXCELERATOR product. 

Press ~ to contlnue or Q to Quit 
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12/04/86 

SYSTEMS ANALYST PRODUCTIVITY SURVEY 

welcome to our PC-based EXCELERATOR Survey! 

***** PLEASE NOTE THE FOLLOWING ***** 
***** CONFIDENTIALITY STATEMENT ***** 

All of your individual responses in this survey are 
strictly confidential. but we are requesting that 
you prov1de US with your NAME in order that we may 
contact you individually during our data analysis 1f 
the need ar1ses. Also. in order to provide individual 
feedback on your responses we must have your name. 

Press cQJ to continue or Q to Quit 

SYSTEMS ANALYST PRODUCTIVITY SURVEY 

Welcome to our PC-based EXCELERATOR Survey' 

The ~ext three screens will ask you for some 
demographic information. Since it 1S verj 1mportant 
that we have complete demograpnic information. 
please answer all of the demogra~h1c quest1ons. If 
,ou are not able to answer a spec1fic demograph1c 
quest ion. Just press the ¢I key 1 n response to the 
quest1on. Movement from one question to the next 
question may be accomplished by USing either the 
(lJ key or ~ key. 

You will need about 30 minutes to complete this survey' 

Press 01 to continue or Q to Quit 
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12/04/86 SYSTEMS ANALYST PRODUCTIVITY SURVEY 

Your Name Ronald J Norman MalelFemale (M/F) M 

Your CompanylAffiliation San Diego State University 

Enter the letter that best represents the organization's Industry: 
A ... Manufacturing H ... Wholesale O ..• Mining 
B ..• Finance I ... Retail Trade P ... Constructlon 
C ... Med ic i ne 
D .•• Insurance 
E ... Real Estate 
F ... Law 
G ... Educat:ion 

Enter 

J ... Business Service 
K ... Government 
L ... Public Utility 
M ... Communication System 
N •.. Transportation 
the code (A-U) G 

Q •.. Petroleum 
R ••. Refining 
S •.. Consu 1 tant 
T ..• Eng i neer I ng 
U ••. Other 

Approximate number of employees in the organization 2500 

Approximate $ budget for data processing 3000000 

ESC key = QUIt; t = backward one field; 
~ or ~ = forward one field. 

12/04/86 SYSTEMS ANALYST PRODUCTIVITY SURVEY 

Ronald J Norman demographic information continued: 

Name of the department you work In Information & Decision Systems 

Your office location (N,S,E,W part of USA, 0 Outside USA) W 

Number of employees in your department 27 

Your PosItion Title Assistant Professor 

Your highest degree attaIned (see list below) M 
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10:57:23 

(N=none. H=HSchool, A=Assoc., B=8achelor, M=MaS-ters, D=Doctoratelequi/.) 

Years 
Years 

Total 
Total 

(rounded) of all professional experience 17 
(rounded) of computer experience 20 

MONTHS experIence wi th EXCELERATOR 11 
MONTHS experience wi th all automatedCAD packages 

ESC key = Qui t; t = backward one field; 
eo' or " = forward one field. 
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12/04/86 SYSTEMS ANALYST PRODUCTIVITY SURVEY 

Ronald J Norman demographic information continued: 

Indicate your percentage of time working on the following tasks: 

20 50 - 20 Other Management Analysis/Design Programming 10 

Is most of your work related to the development of new information 
systems or maintenance of existing information systems? 

Enter N for new or M for maintainance !!. 

Approximately how many hours per WEEK do you use or anticipate 
using Excelerator? 10 -
The primary (target) programming language being used for 
systems being analyzed/designed using Excelerator is: 
A ••• Cobol C •.• "C" language E ••• Basic 
B •.• 4GL language D ••. Pascal F •.• Other 

12/04/86 

Enter A-F ~ 

ESC key =, Qui t; f = backward one field; 
~ or ~ = forward one field. 

SYSTEMS ANALYST PRODUCTIVITY SURVEY 

We are now ready to begin the actual survey questions. 
There will be a total of 136 questions to answer. The 
questions will be in the form of: 

Of the following items which one most increases 
your productivity over manual methods: 

a. I tem *I 1 name 
b. Item 1*2 name 

Enter a or b ? 

Press QJ to continue 
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12/04/86 
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SYSTEMS ANALYST PRODUCTIVITY SURVEY 11:10:51 

NOTE: If you have not used either of the 2 displayed items, 

please select the item that you PERCEIVE to be the 

more useful of the two to you. 

Press ~ to continue 

SYSTEMS ANALYST PRODUCTIVITY SURVEY 

After you respond with an a or b, a follow-up question 
like the following wlil be asked: 

Rate how similar these items are in thelr effect 
un your productivity (1-7, 7 = very different)? 

Enter I to 7 ? 

Press qI to continue 

II: 13: 43 
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12/04/86 

SYSTEMS ANALYST PRODUCTIVITY SURVEY 

Then this process of asking you to select one of two 
items followed by the similarity ranking question will 
repeat 135 times. 

At the conclusion of the survey you will have an 
opportunity to provide constructive feedback on this 
survey should you desire to do so. Thank you very 
much for your participation. 

Press ~ to begin the surveyor Q to Quit 

SYSTEMS ANALYST PRODUCTIVITY SURVEY 

THE ACTUAL SURVEY IS NOW SHOWN HERE" 
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APPENDIX B 

FEATURE BACKGROUND 

The feature list used in for the comparative 

review of the CASE tools was developed based on generic 

features found in the software and its documentation. As 

might be expected, no one package contains all of the 

features listed. Each package may contain other features 

not included in the feature list which are covered in a 

later section of the report titled "Software 

strengths/Weaknesses". The following descriptions explain 

the relevance of each feature used in the Feature Matrix: 

Project Management 

PERT, CPM, or other scheduling and resource 

allocation capability is included as part of the 

CASE product. 

Screen Display 

1. Color - product uses multiple colors for display. 

2. Monochrome - product uses standard monochrome 

colors for display. 

Input Devices 

1. Keyboard - product uses a keyboard for data entry. 

2. Mouse - product uses a mouse for input and editing. 
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output Devices 

1. Printer - product uses a printer for output. 

2. Plotter - product uses a plotter for output. 

Menus - capability which allows the user to position the 

cursor at the desired choice or function for 

selection. 

Tutorial 

1. On-line a function allowing the user to gain 

immediate on screen information or 

instructions about a process. 

2. Off-line - helpful information or instructions 

Diagrams 

found in user manuals and various types 

of documentation. 

1. Data Flow - diagrams which detail the flow of data 

through a system (Gane and Sarson or 

Yourdon). 

2. Data Flow for Real-Time Applications - Same as #1 

with additional capabilities to 

accommodate real-time applications. 

3. Structure Charts - diagrams that detail the actual 

structure of a system 

(Constantine) . 

4. Structure Diagrams - similiar to structure charts 
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(Jackson) . 

5. Data Models - diagrams which show data access paths 

and key data element relationships 

(IBM) . 

6. Enti~y Relationships - diagrams that define 

individual data element 

relationships (Chen or 

Merise) . 

7. state Transition - any special diagram, such as a 

tree diagram, which the system 

is capable of producing. 

8. Presentation Graphics - capability to illustrate 

various aspects of a system 

for presentation purposes. 

Diagram Manipulation/Viewing 

1. Zoom in/out - the capability to enlarge or shrink 

any diagram on the screen. 

2. Scroll forward/back - the capability to page 

forward or backward when 

viewing a diagram larger than 

will fit on the screen. 

3. Rotate - the capability to rotate objects. 

Data/Design Dictionary 

1. Software Integrated - a feature which ties element 
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and variable names used in 

diagrams to those defined in 

the database. 

2. Automatic Retrieval - a function that retrieves 

definitions and information 

about variables or elements 

used in the diagrams from a 

database. 

Local Consistency Checking 

1. Variable Names - a function that provides the 

capability to check all variable 

names within a single diagram 

against those in the data 

dictionary. 

2. Relationships - a feature which checks the validity 

of data element relationships in a 

diagram against those defined in 

the data dictionary. 

3. Diagrams - the symbols and figures used within a 

single diagram are checked for validity 

and consistency. 

4. Decomposition - a function that checks parent -

child relationships for valid 

decomposition against those 
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relationships defined in the data 

dictionary. 

Global consistency Checking 

All functions are similar to those found in local 

consistency checking except that the validation is 

applied to all diagrams within the entire system 

being developed. 

Occurrences Checking 

1. Variables - a feature which scans the data 

dictionary and diagrams, and reports 

where variables are found and used. 

2. Relationships - this function scans the data 

dictionary and diagrams to find all 

occurrences of a single unique 

relationship. 

Modifications 

1. Local changes of variable names - a feature 

requiring the user to change a variable name 

within a single diagram only once, with all 

other occurrences of the variable being 

automatically changed. 

2. Global changes of variable names - a feature 

similar to the local changing of variable 

names which occurs on a system-wide basis. 



File Nesting -

Repm::t Generation 

a function allowing the user to page 

forward or backward within a set of 

heirarchically arranged files. 
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1. Integrated with the data dictionary - a report 

generator which allows the user to pull 

information to be contained in a report 

directly from the data dictionary. 

2. Cut and Paste Capabilities - a feature that permits 

the user to move, edit, and experiment 

with various report formats. 

3. Word processor Integrated - a report generator that 

ties the capabilities of an independent 

word processing package to those of the 

design package. 

Record Layout Generation 

This feature produces record layouts for files in 

either COBOL or other language. The layouts are 

generated directly from specifications defined in the 

data/design dictionary. 

Source Code Generation 

This function relates to the ability of the system to 

generate c;: :-·tual programming code directly from 

diagrams, relationships, and definitions in the 



data/design dictionary. 

Host Interface - capability to interface with a larger 

computer. 

LAN Support - capability to use product in a local area 

network. 
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Test Data Verification - capability to verify test data. 
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19/16 EXCELERATOR USER SURVEY 

Please fill in your n~, address, and phone number: 

Name 

Company 

Dept I Mail Stop _________________ _ 

Address 

Telephone 

ORGANIZATION 

1. What is the primary end-product of your company? (Check one) 

I( ) Manufacturing s( ) Financial Services 
:( ) Consulting c( ) Computer/EDP Services 
s( ) Transportation 1( ) Wholesale/Retail Trade 
.( ) Construction 

.( ) Other 

2. How many people are employed in YOUR ENTIRE COMPANY? 

c( ) Education 
t( ) Utilities 
a( ) Government 
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(7) 

(I) 

I( ) over 2000 :() 500-2000 ,( ) 200-500 .( ) 100-200 s( ) 50-100 c( ) under 50 

3. How many people are employed in YOUR DEPARTMENT? 

I( ) over 100 2( ) 50-100 s( ) 25-50 .( ) 10-25 s( ) under 10 

4. How many people are employed in YOUR PROJECT GROUP OR TEAM? (10) 

I( ) over 100 2{ ) 50-100 s( ) 25-50 .( ) 10-25 s( ) under 10 

5. How many of these project group members are Excclerator users? (11.11) 

6. How many copies of Excclerator docs your project group use? (1"10) 

7. The systems developed by your project team fall into which of the following categories? (IT) 

(Check all that apply) 

I( ) Tnmsaction-bascd systems 
2( ) Communications 

.( ) Aerospaccl Avionics 
s( ) Real-time systems 

e( ) Database applications 
1( ) Manufacturing 

s( ) Financial Management c( ) Other ___________ _ 

8. What documentation standards docs your organization or project require of its deliverables? (III 

I( ) None 
:( ) In-house standards 
s( ) Government or MIL-STDs (specify: )(lP)o 

.( ) Other (ltJ)o 



JOB ROLE 

9. What is your job tiUe? _____________ _ 

10. What is your job role in relation to projects using Excelerator? (Check one) 

.( ) Management of department where Excelerator is used. 
l{ ) Manager of project team using Excelerator. 
,( ) Member of project team using Excelerator . 
..( ) Librarian using Excelerator on behalf of team. 
,( ) End-user customer of project team. 
0( ) Consultant to department or p."oject team. 
7( ) Not related to projects using Excelerator. 
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CD' 

11. To what percent did each of the following activities constitute a part of your job responsibilities in the 
last six months? 

Strategic Planning, ____ % (24.2.!' 

Feasibility % 
Requirements % 
Analysis % 
Design % 
Coding % 
Testing % 
Maintenance %"".,,, 

PURCHASE CONSIDERATIONS 

12. Where did you fIrSt learn about Excelerator? (40) 

.( ) Advertisement 
l( ) Magazine article or review 
,( ) Reco=ended by consultant 

..( ) Convention, Exhibit, Trade Show 
s{ ) Product Demonstration (Demo Day) 
c( ) Word of mouth 
7( ) Other ____________ _ 

13. Why did you purchase Excelerator? (Select all that apply) 

.( ) To automate the development process. 
l( ) To reduce maintenance costs. 
,( ) To facilitate co=unication between analysts and end-users . 
..( ) To produce design documentation. 
s{ ) To assist in adopting structured methods for the Xust time. 
0( ) Because I (or the project) was told to. 
7( ) I was not involved in the purchase decision. 
c( ) Other _______________ _ 

USE OF EXCELERATOR 

(41) 

14. What is the average size of projects on which Excelerator has been used in your organization? (<1..,) 

person-months 

15. How many users share an Excelerator workstation? (46) 

.( ) One 2() Two ,() Three ..() Four or more 

16. Do you use Excelerator output (graphs or reports) in deliverable documents 10 management? (47) 

.( ) Yes l( ) No 
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17. Do you use Excelerator output (graphs or reports) in deliverable documents to end-user customea? (tt) 
I( ) Ye:I >( ) No 

18. How do end-user customea of the system development process interact with Excelerator? (41) 

I( ) Hands-on use )( ) Only as recipients of graphs and reports 
l( ) No interaction .( ) Other _____________ _ 

19. Is your project currently using Excelerator? 

If YES, in which of the following areas is it used? (~ 

I( ) Strategic planning 5{ ) Applications development 
>( ) Maintenance and documentation 0( ) System proto typing 
l( ) Automation of manual methods 7{ ) Preparing management presentations 
.( ) Data modelling, database design, info engineering 

a( ) Other _____________ _ 

If NO, why not? _______________ _ 

20. For what percent of each of the fo llowing activities does your organization use Excelerator? 
(Your answers will not total 100%) 

____ % of Strategic Planning "W) 

____ % of Feasibility 
____ % of Requirements 

% of Analysis 
---- % of Design 

'1& of Coding 
---- % of Testing 
____ % of Maintenance (16-." 

21. How much time per week: on the average do you spend using Excelerator? 

I( ) 30 hours or more 
l( ) 20 to 30 hours 

l( ) 10 to 20 houa 
.( ) 5 to 10 hours 

$( ) I to 5 hours 

22. What percent of time is spent with each of the following facilities? 

Graphics 
Graph Analysis 
Report Writer 
Screen Design 
Report Design 

____ '1& IS.., 

---_% 
---_% 
---_% 
---_% 

XLDictionary % 
Entity List % 
Documentation % 
Screen Data Entry ___ ---:% 
XLD Interface % (D.24) 

TOTAL 100 % 

ell) 

(GI) 
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23. Within the Gr~phics facility, how frequently do you use the following diagrams? 

Used Regularly Used Seldom 
Extensively Used Sometimes Used 

Presentation Graph ( ) ( ) ( ) ( ) (l.l) 

Data Flow Diagram - Gane and Sarson ( ) ( ) ( ) ( ) 
Data Flow Diagram - Yourdon ( ) ( ) ( ) ( ) 
Structure Chan ( ) ( ) ( ) ( ) 

Structure Diagram ( ) ( ) ( ) ( ) 
Logical Data Model ( ) ( ) ( ) ( ) 
Entity Relationship Diagram - Chen ( ) ( ) ( ) ( ) 
Entity Relationship Diagram - Merise ( ) ( ) ( ) ( ) (ll) 

24. Please rank the usefulness to your project of each of the following Excelerator features: 

Not at all Somewhat Useful Very Extremely 
Useful Useful Useful Useful 

Graphics ( ) ( ) ( ) ( ) ( ) (J)) 

Data Dictionary ( ) ( ) ( ) ( ) ( ) 
Document Prod\lction ( ) ( ) ( ) ( ) ( ) 
Screen Data Entry ( ) ( ) ( ) ( ) ( ) 
Level Balancing ( ) ( ) ( ) ( ) ( ) 

Entity List ( ) ( ) ( ) ( ) ( ) 
Report Writer ( ) ( ) ( ) ( ) ( ) 
Import/Export ( ) ( ) ( ) ( ) ( ) 
LoclcJUnlock ( ) ( ) <) ( ) ( ) (<I) 

25. By what percentage, if any, has Excelerator increased your productivity in the following portions of the 
system development life·cycle? 

Under Over 
10% 10% 20% 30% 40% 50% 50% 

Strategic Planning ( ) ( ) ( ) ( ) ( ) ( ) ( ) (4l) 

Feasibility ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
Requirements ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
Analysis ( ) ( ) ( ) ( ) ( ) ( ) ( ) 

Design ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
Coding ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
Testing ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
Maintenance ( ) ( ) ( ) ( ) ( ) ( ) ( ) (4') 

26. In what ways has Excelerator irnkroved the quaWy of your deliverab!es? 
(Check all that apply) 

I( ) Prettier 
l( ) More consistent 
l( ) No improvement 

.( ) Less defects 0( ) Mor;; standardized 
,( ) More complete 7{ ) Closer to user's need 

.( ) Other _____________ _ 

("') 



DOCUMENTATION 

27. Please rate your overall satisfaction with each portion of the Excelerator documentation seL 

Excellent Good Satisfactory 
Reference Guide ( ) . ( ) ( ) 
Keyboard Template ( ) ( ) ( ) 
User Guide ( ) ( ) ( ) 

Release Notes ( ) ( ) ( ) 
Tutorial ( ) ( ) ( ) 
Installation Guide ( ) ( ) ( ) 

Comments 

SUPPORT 

28. Please rate your overall satisfaction with the InTech Hotline. 

Excellent 
( ) 

Good 
( ) 

Satisfactory 
( ) 

Fair 
( ) 

Fair 
( ) 
( ) 
( ) 

{ ) 
( ) 
( ) 

Poor 
( ) 

Comments. ____________________________________________ _ 

Poor 
( ) (51) 

( ) 
( ) 

( ) 
( ) 
( ) (56) 

(ST). 

(Sf) 

29. On the average, how often have you taken advantage of the InTech toll-free Hotline service? (Ill) 

I( ) Never 
l( ) Once a month or less 
I( ) Five calls per month 

EDUCATION 

.( ) Ten calls per month 
s( ) More than ten per month 

30. What form of training do you use to acquaint new users with Excelerator? (Check all that apply) (61) 

I( ) Training course at InTech 
l( ) Training course in-house by InTech instructor 
,( ) Training course in-house by our own instructor 
.( ) Tutorial 
s( ) Hands-on exploration 
~ ) Other ____________________________________ ___ 

31. How many hours of hands-on use are needed to be considered: 

an Excelerator novice? 
an intermediate user? 
an Excelerator expert'? 

_____ hours (Ill.") 

hours 
_____ houn ("-11) 

32. What constitutes a good mix of training to become an intermediate Excelerator user? 

plus 
plus 

_______ hours in classroom (oa.", 

_______ hours with computer-based tutorial 
_______ hours hands-on with own project (72.14) 
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33. Would you be interested in receiving referrals of upcoming college graduates (Bachelor or Masters degrees) 
with Excelerator experience? I( ) Yes 2() No ('m 

ASSESSMENT 

34. Please rate your overall satisfaction with Excelerator. 
(5 ~ extremely satisfied ... 1 '" totally dissatisfied) 

35. What are the three stropgest features. of the Excelerator? 

1) 

2) 

3) 

___________________________________________ on· 

_________________________________________ 01). 

--------------------------------------o~· 

36. What are the three weakest features of the Excelerator? 

1) 

2) 

3) 

----------------------------------",. 
___________________________________ 0,. 

37. What three ephancements to Excelerator would most add to its usefulness in your work. and to 
productivity in your organization? 

1) 

2) 

3) 

------------------------------------~,. 
---------------------------------(.,. 
___________________________________ (10). 

38. What products would you like to interface with Excelerator? 

Product Name 

Other Data Dictionaries 
--------------------------_--__ ---(11). 

Screen Generators _________________________________ (12). 

Program Generators _________________________________ (1,). 

Application Generators ------------------------------_----_,(14,. 

4th Generation Languages ----------------------------------(1,). 

Project Mgt Packages _______________________________ (14). 
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ENVIRONMENT 

39. What version of Excelerator do you use? (17) 

,( ) Version 1.41 2( ) Version 1.5 l( ) Version 1.6 .( ) I don't know 

40. What type of computer do you use for your Excelerator workstation? (Check any that apply) 

(II) ,( ) IBM PC AT 
2( ) IEM PC XT 
l( ) IBM 3270 PC 
.( ) IBM 3270 AT 

l( ) AT&T 6300 
0( ) AT&T 6300 Plus 

(19) ,( ) Compaq Plus 
2( ) Compaq 286 Portable 

l( ) TI 
.( ) Wang PC 
l( ) Sperry PC 

0( ) Other_--::-;__--.,.,---;__-,-~;__--
Please specify make and model 

41. How much memory does the workstation have? (Check one) 
,( ) 512K 2( ) 640K l( ) 1 Meg .( ) 2 Meg l( ) I don't know 

... 
42. What else do you use the same workstation for? (Check all that apply) (21) 

,( ) Spreadsheet l( ) Software devel. (e.g. compilers) 
2( ) Word Processing 0( ) Project management packages 
l( ) 4GL database 1{ ) Mainframe host access 
.( ) None - it is dedicated to Excelerator 

.( ) Other ______________ _ 

43. Do you have other computer equipment already in-house (or which you plan to acquire) on which you 
would like to use Excelerator? (For example, Sun, Apollo, IBM RT, VaxStation. Not necessarily 
limited to MS-DOS machines. Please specify make and model.) 

_________________________ ,(l2). 

_________________________ ,(2]). 

44. What type of printerlplouer do you use? (Check all that apply) 

,( ) QMS 800 or 1200 
2( ) IBM Graphics Printer 
l( ) Epson FX 80/100 
.( ) Epson LQ 1500/1000 
l( ) Epson MX 
0( ) IDS Prism 

1{ ) HP7475 
.( ) HP7470 
0( ) Toshiba 1350/350 
0( ) IBM Proprinter 
.( ) Okidata . 

45. Would you like InTech to support any other printers? (Please specify make and model) 

_______________________ ,(2]). 

46. What security device does your copy of Excelerator currently have? 

,( ) Block 2( ) Key Diskette l( ) PAL chip 

(2') 

(2,6) 
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47. What Local Area Network do you use Excelerator on now? (Check all that apply) 

I( ) IBM PC Network: 1( ) Ethernet .( ) Banyan 
2( ) Not used on a network 

5( ) Other ______________ _ 

48. Are you planning to install Excelerator on a Local Area Network within the next year? (21) 

I( ) Yes 2() No 

49. What mainframe or medium-scale hardware configurations arc available to your project at your site? 
(Check all that apply) 

(20) I( ) IBM MVSrrSO ('0) 

2( ) IBM VMJCMS 
l( ) IBM System 34136/38 
.( ) Prime 
5( ) Burroughs 
,( ) Sperry 
7{ ) None available 

I( ) Digital VAX/VMS or MicrnVax 
2( ) AT & T 3B Unix 
,( ) Digital Ultrix 
.( ) Data General 
5( ) HP3000 
0( ) HP9000 Unix 

7{ ) Other ______________ _ 

Thank you for participating in the 1986 Excelerator User Survey. 

If you would like to comment further on any items in this survey, or if you would like to further describe 
enhancements you would like to see, please feel free to use the space below, or write to InTech, Attention: 
Hotline Staff, 101 Main Street, Cambridge, MA 02142. 

Space for your additional comments: 



APPENDIX D 

EXCELERATOR PC-BASED SURVEY QUESTIONS 

Q = Question ITEM = stimulus item number 
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Q CHOICE QUESTION DESCRIPTION 

10 a. Excelerator works on both PC and mainframe 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 

2. a. Data Flow Diagram (Gane & Sarson, Yourdon) 
b. Analysis -> Report writer 

3. a. Record Layout Generation 
b. Data Dictionary 
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ITEM 

17 
1 

1 
16 

8 
9 

4. a. Entity/relationship data model (Chen or Merise) 4 
b. Import and/or Export Facility 13 

5. a. Presentation Graphics 6 
b. Project member's communication via Excelerator 14 

6. a. Analysis -> Entity List 10 
b. LAN Support 11 

7. a. Structure Charts (constantine) 2 
b. Record Layout Generation 8 

8. a. Data Dictionary 9 
b. Project standardization 15 

9. a. Excelerator works on both PC and mainframe 17 
b. Presentation Graphics 6 

10. a. Record Layout Generation 8 
b. Excelerator works on both PC and mainframe 17 

11. a. Project member's communication via Excelerator 14 
b. Record Layout Generation 8 

12. a. Structure Diagrams (Jackson) 
b. Structure Charts (Constantine) 

13. a. Record Layout Generation 
b. Analysis -> Entity List 

14. a. Import and/or Export Facility 
b. Record Layout Generation 

5 
2 

8 
10 

13 
8 

15. a. LAN Support 11 
b. Entity/relationship data model (Chen or Merise) 4 
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16. a. structure Diagrams (Jackson) 5 
b. Project member's communication via Excelerator 14 

17. a. Analysis -> Report writer 16 
b. Data Dictionary 9 

18. a. Excelerator works on both PC and mainframe 17 
b. structure Charts (Constantine) 2 

19. a. Screen/Report Design 12 
b. Import and/or Export Facility 13 

20. a. Import and/or Export Facility 13 
b. Excelerator works on both PC and mainframe 17 

21. a. Presentation Graphics 6 
b. Analysis -> Graph Analysis 7 

22. a. Data Dictionary 9 
b. Structure Charts (Constantine) 2 

23. a. LAN Support 11 
b. Excelerator works on both PC and mainframe 17 

24. a. LAN Support 11 
b. Presentation Graphics 6 

25. a. Project standardization 15 
b. Presentation Graphics 6 

26. a. Presentation Graphics 6 
b. Data Dictionary 9 

27. a. Record Layout Generation 8 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 

28. a. Logical Data Model diagram (IBM) 3 
b. Structure Diagrams (Jackson) 5 

29. a. Data Dictionary 9 
b. Project member's communication via Excelerator 14 

30. a. Data Dictionary 
b. Structure Diagrams (Jackson) 

31. a. LAN Support 
b. Logical Data Model diagram (IBM) 

9 
5 

11 
3 



32. a. structure Diagrams (Jackson) 
b. Analysis -> Report writer 

33. a. Logical Data Model diagram (IBM) 
b. Record Layout Generation 
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5 
16 

3 
8 

34. a. Entity/relationship data model (Chen or Merise) 4 
b. Screen/Report Design 12 

35. a. Record Layout Generation 
b. Presentation Graphics 

36. a. Analysis -> Entity List 
b. Data Dictionary 

37. a. Structure Charts (Constantine) 
b. Import and/or Export Facility 

38. a. Logical Data Model diagram (IBM) 
b. Project standardization 

39. a. Import and/or Export Facility 
b. Project standardization 

40. a. Analysis -> Report writer 
b. Import and/or Export Facility 

41. a. Presentation Graphics 
b. Structure Charts (Constantine) 

8 
6 

10 
9 

2 
13 

3 
15 

13 
15 

16 
13 

6 
2 

42. a. Project member's communication via Excelerator 14 
b. Analysis -> Graph Analysis 7 

43. a. LAN Support 
b. Data Dictionary 

44. a. Data Dictionary 
b. Logical Data Model diagram (IBM) 

45. a. Analysis -> Entity List 
b. Structure Diagrams (Jackson) 

46. a. Screen/Report Design 
b. Data Dictionary 

11 
9 

9 
3 

10 
5 

12 
9 
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47. a. structure Diagrams (Jackson) 5 
b. LAN Support 11 

48. a. Excelerator works on both PC and mainframe 17 
b. Analysis -> Entity List 10 

49. a. Screen/Report Design 12 
b. Structure Diagrams (Jackson) 5 

50. a. Structure Charts (Constantine) 2 
b. Project member's communication via Excelerator 14 

51. a. Excelerator works on both PC and mainframe 17 
b. Structure Diagrams (Jackson) 5 

52. a. Analysis -> Entity List 10 
b. Presentation Graphics 6 

53. a. Project standardization 15 
b. Project member's communication via Excelerator 14 

54. a. Structure Charts (Constantine) 2 
b. LAN Support 11 

55. a. project standardization 15 
b. Analysis -> Report writer 16 

56. a. Data Flow Diagram (Gane & Sarson, Yourdon) 1 
b. Project standardization 15 

57. a. Screen/Report Design 12 
b. Analysis -> Entity List 10 

58. a. Project member's communication via Excelerator 14 
b. Excelerator works on both PC and mainframe 17 

59. a. Project member's communication via Excelerator 14 
b. Entity/relationship data model (Chen or Merise) 4 

60. a. Analysis -> Report Writer 16 
b. project member's communication via Excelerator 14 

61. a. Project standardization 15 
b. Entity/relationship data model (Chen or Merise) 4 

62. a. Excelerator works on both PC and mainframe 17 
b. Project standardization 15 
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63. a. Project member's communication via Excelerator 14 
b. Screen/Report Design 12 

64. a. Entity/relationship data model (Chen or Merise) 4 
b. Analysis -> Report writer 16 

65. a. Analysis -> Graph Analysis 
b. LAN Support 

66. a. Analysis -> Graph Analysis 
b. Data Dictionary 

67. a. Structure Diagrams (Jackson) 
b. Presentation Graphics 

7 
11 

7 
9 

5 
6 

68. a. Entity/relationship data model (Chen or Merise) 4 
b. Excelerator works on both PC and mainframe 17 

69. a. Screen/Report Design 12 
b. Record Layout Generation 8 

70. a. Structure Charts (Constantine) 2 
b. Project standardization 15 

71. a. Analysis -> Entity List 10 
b. Logical Data Model diagram (IBM) 3 

72. a. Structure Diagrams (Jackson) 5 
b. Analysis -> Graph Analysis 7 

73. a. Analysis -> Graph Analysis 7 
b. Excelerator works on both PC and mainframe 17 

74. a. Excelerator works on both PC and mainframe 17 
b. Analysis -> Report writer 16 

75. a. Data Dictionary 9 
h. Entity/relationship data model (Chen or Merise) 4 

76. a. Logical Data Model diagram (IBM) 3 
b. Screen/Report Design 12 

77. a. Structure Charts (Constantine) 2 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 



254 

78. a. Import and/or Export Facility 13 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 

79. a. Excelerator works on both PC and mainframe 17 
b. Logical Data Model diagram (IBM) 3 

80. a. Record Layout Generation 8 
b. Structure Diagrams (Jackson) 5 

81. a. Excelerator works on both PC and mainframe 17 
b. Data Dictionary 9 

82. a. Analysis -> Report writer 16 
b. Analysis -> Entity List 10 

83. a. Import and/or Export Facility 13 
b. Analysis -> Entity List 10 

84. a. Logical Data Model diagram (IBM) 3 
b. Import and/or Export Facility 13 

85. a. Project member's communication via Excelerator 14 
b. Analysis -> Entity List 10 

86. a. Presentation Graphics 6 
b. Analysis -> Report writer 16 

87. a. Data Flow Diagram (Gane & Sarson, Yourdon) 1 
b. Logical Data Model diagram (IBM) 3 

88. a. LAN Support 11 
b. Project member's communication via Excelerator 14 

89. a. Structure Diagrams (Jackson) 5 
b. Import and/or Export Facility 13 

90. a. Screen/Report Design 12 
b. Excelerator works on both PC and mainframe 17 

91. a. Record Layout Generation 8 
b. LAN Support 11 

92. a. Entity/relationship data model (Chen or Merise) 4 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 
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93. a. Project member's communication via Excelerator 14 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 

94. a. Project standardization 
b. Analysis -> Entity List 

95. a. LAN Support 
b. Screen/Report Design 

15 
10 

11 
12 

96. a. Logical Data Model diagram (IBM) 3 
b. Entity/relationship data model (Chen or Merise) 4 

97. a. Structure Charts (Constantine) 
b. Screen/Report Design 

2 
12 

98. a. Entity/relationship data model (Chen or Merise) 4 
b. Analysis -> Graph Analysis 7 

99. a. Project standardization 
b. Record Layout Generation 

15 
8 

100. a. Data Flow Diagram (Gane & Sarson, Yourdon) 1 
b. Structure Diagrams (Jackson) 5 

101. a. LAN Support 11 
b. Project standardization 15 

102. a. Import and/or Export Facility 13 
b. Data Dictionary 9 

103. a. Presentation Graphics 6 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 

104. a. analysis -> Graph Analysis 
b. Structure Charts (Constantine) 

105. a. analysis -> Report Writer 
b. Record Layout Generation 

7 
2 

16 
8 

106. a. Import and/or Export Facility 13 
b. LAN Support 11 

107. a. Project standardization 15 
b. Structure Diagrams (Jackson) 5 

108. a. Screen/Report Design 12 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 
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109. a. Data Flow Diagram (Gane & Sarson, Yourdon) 1 
b. analysis -> Graph Analysis 7 

110. a. Data Dictionary 9 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 

111. a. analysis -> Entity List 
b. structure Charts (Constantine) 

10 
2 

112. a. structure Diagrams (Jackson) 5 
b. Entity/relationship data model (Chen or Merise) 4 

113. a. Entity/relationship data model (Chen or Merise) 4 
b. Record Layout Generation 8 

114. a. analysis -> Report Writer 
b. structure Charts (Constantine) 

115. a. Screen/Report Design 
b. Presentation Graphics 

116. a. Presentation Graphics 
b. Import and/or Export Facility 

117. a. Structure Charts (Constantine) 
b. Logical Data Model diagram (IBM) 

16 
2 

12 
6 

6 
13 

2 
3 

118. a. analysis -> Graph Analysis 7 
b. analysis -> Report Writer 16 

119. a. analysis -> Report Writer 16 
b. LAN Support 11 

120. a. analysis -> Graph Analysis 7 
b. Screen/Report Design 12 

121. a. analysis -> Entity List 10 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 

122. a. LAN Support 11 
b. Data Flow Diagram (Gane & Sarson, Yourdon) 1 

123. a. Project standardization 15 
b. Screen/Report Design 12 
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124. a. Logical Data Model diagram (IBM) 3 
b. Project member's communication via Excelerator 14 

125. a. Import and/or Export Facility 
b. analysis -> Graph Analysis 

126. a. Screen/Report Design 
b. analysis -> Report writer 

13 
7 

12 
16 

127. a. Project member's communication via Excelerator 14 
b. Import and/or Export Facility 13 

128. a. Entity/relationship data model (Chen or Merise) 4 
b. analysis -> Entity List 10 

129. a. analysis -> Graph Analysis 
b. Project standardization 

7 
15 

130. a. Structure Charts (Constantine) 2 
b. Entity/relationship data model (Chen or Merise) 4 

131. a. Presentation Graphics 6 
b. Entity/relationship data model (Chen or Merise) 4 

132. a. analysis -> Graph Analysis 
b. Logical Data Model diagram (IBM) 

133. a. Logical Data Model diagram (IBM) 
b. Presentation Graphics 

134. a. analysis -> Report writer 
b. Logical Data Model diagram (IBM) 

135. a. Record Layout Generation 
b. analysis -> Graph Analysis 

136. a. analysis -> Entity List 
b. analysis -> Graph Analysis 

* * * END OF QUESTIONS * * * 

7 
3 

3 
6 

16 
3 

8 
7 

10 
7 



stimulus* 
======== 

1 

2 

3 

4 

5 

6 

7 

APPENDIX E 

LIST OF STIMULUS ITEM "HELP" 

Definition 
============================================== 

Representation of the flow of data through a 
system showing the external entities that are 
sources or destinations of data, the processes 
that transform data, and the places where data 
is stored. 

Representation of the modular hierarchy within 
a system. This graph uses decision diamonds 
to show the location of function objects, data 
and control flow symbols to show communication 
between functions, and loop symbols to show 
repetition. 

A graphical representation of data entities, 
illustrated by ovals, and the relationships 
among them, illustrated by connections. The 
conventions used for the connnections 
generally follow Bachman methodology. 

A top-down technique that illustrates the data 
model using data and relationship objects that 
are connected together. 

Representations of hierarchical logic flow 
using Jackson structured Programming (JSP) 
symbols. Separate indicators for sequence, 
selection, and iteration logic are supported. 

A graph type that is used primarily for 
overview presentations. It features a variety 
of objects and drawing commands. 

Graph Analysis helps you verify the design of 
a project by producing reports on your graphs. 
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8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

The ability to generate program language 
source code record layouts for record 
definitions in the project data dictionary. 
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The central repository for all definitions and 
data, and also the clearinghouse for all of 
the information that is associated with a 
given project. 

Entity List lets you create or modify lists of 
entities that are used to analyze the contents 
of the project dictionary. 

The ability for Excelerator to be supported on 
Local Area Networks. 

The facility that lets you create or modify 
screens and/or reports that may become part of 
the information system being analyzed and 
designed. 

The ability to export information to or import 
information from another PC or host 
(mainframe) computer that may have the same 
or a different CASE tool operating on it. 

The Excelerator tool plays a role in the 
communication process between all team 
members. 

The Excelerator tool enhances an 
organization's efforts to enforce project 
standardization. 

Report writer lets you produce customized 
reports on the project dictionary. 

The advantage it is to have Excelerator not 
only operational on a PC but also operational 
on a mainframe computer. 
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* stimulus List 

1 Data Flow Diagram (Gane & Sarson, Yourdon) 

2 Structure Charts (constantine) 

3 Logical Data Model diagram (IBM) 

4 Entity/relationship data model (Chen or Merise) 

5 Structure Diagrams (Jackson) 

6 Presentation Graphics 

7 Analysis -> Graph Analysis 

8 Record Layout Generation 

9 Data Dictionary 

10 Analysis -> Entity List 

11 LAN Support 

12 Screen/Report Design 

13 Import and/or Export Facility 

14 Project member's communication via CASE product 

15 project standardization 

16 Analysis -> Report Writer 

17 CASE product works on both PC and mainframe 



APPENDIX F 

statistical Information for each Respondent 

STIMULI = 17 QUESTIONS = 136 CASES = 91 

1 COEFFICIENT OF CONSISTENCE = 
INCONSISTENT TRIADS = 
CHI-SQUARE WITH 24.1420 DF = 
1-TAILED PROBABILITY = 

2 COEFFICIENT OF CONSISTENCE = 
INCONSISTENT TRIADS = 
CHI-SQUARE WITH 24.1420 DF = 
l-TAILED PROBABILITY = 

3 COEFFICIENT OF CONSISTENCE = 
INCONSISTENT TRIADS = 
CHI-SQUARE WITH 24.1420 DF = 
1-TAILED PROBABILITY = 

4 COEFFICIENT OF CONSISTENCE = 
INCONSISTENT TRIADS = 
CHI-SQUARE WITH 24.1420 DF = 
l-TAILED PROBABILITY = 

5 COEFFICIENT OF CONSISTENCE = 
INCONSISTENT TRIADS = 
CHI-SQUARE WITH 24.1420 DF = 
1-TAILED PROBABILITY = 

6 COEFFICIENT OF CONSISTENCE = 
INCONSISTENT TRIADS = 
CHI-SQUARE WITH 24.1420 DF = 
1-TAILED PROBABILITY = 

7 COEFFICIENT OF CONSISTENCE = 
INCONSISTENT TRIADS = 
CHI-SQUARE WITH 24.1420 DF = 
1-TAILED PROBABILITY = 
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.8922 
22.0000 

115.5266 
.0000 

.9461 
11.0000 

122.2959 
.0000 

.9216 
16.0000 

119.2189 
.0000 

.8578 
29.0000 

111. 2189 
.0000 

.6716 
67.0000 
87.8343 

.0000 

.9657 
7.0000 

124.7574 
.0000 

.6275 
76.0000 
82.2959 

.0000 
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8 COEFFICIENT OF CONSISTENCE = .9020 
INCONSISTENT TRIADS = 20.0000 
CHI-SQUARE WITH 24.1420 DF = 116.7574 
1-TAILED PROBABILITY = .0000 

9 COEFFICIENT OF·CONSISTENCE = .8088 
INCONSISTENT TRIADS = 39.0000 
CHI-SQUARE WITH 24.1420 DF = 105.0651 
1-TAILED PROBABILITY = .0000 

10 COEFFICIENT OF CONSISTENCE = .8578 
INCONSISTENT TRIADS = 29.0000 
CHI-SQUARE WITH 24.1420 DF = 111. 2189 
1-TAILED PROBABILITY -- .0000 

11 COEFFICIENT OF CONSISTENCE = .8824 
INCONSISTENT TRIADS = 24.0000 
CHI-SQUARE WITH 24.1420 DF = 114.2959 
1-TAILED PROBABILITY = .0000 

12 COEFFICIENT OF CONSISTENCE = .8775 
INCONSISTENT TRIADS = 25.0000 
CHI-SQUARE WITH 24.1420 DF = 113.6805 
1-TAILED PROBABILITY = .0000 

13 COEFFICIENT OF CONSISTENCE = .8725 
INCONSISTENT TRIADS = 26.0000 
CHI-SQUARE WITH 24.1420 DF = 113.0651 
1-TAILED PROBABILITY = .0000 

14 COEFFICIENT OF CONSISTENCE = .7598 
INCONSISTENT TRIADS = 49.0000 
CHI-SQUARE WITH 24.1420 DF = 98.9112 
1-TAILED PROBABILITY = .0000 

15 COEFFICIENT OF CONSISTENCE = .8382 
INCONSISTENT TRIADS = 33.0000 
CHI-SQUARE WITH 24.1420 DF = 108.7574 
1-TAILED PROBABILITY = .0000 

16 COEFFICIENT OF CONSISTENCE = .6912 
INCONSISTENT TRIADS = 63.0000 
CHI-SQUARE WITH 24.1420 DF = 90.2959 
1-TAILED PROBABILITY = .0000 
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17 COEFFICIENT OF CONSISTENCE = .9118 
INCONSISTENT TRIADS = 18.0000 
CHI-SQUARE WITH 24.1420 DF = 117.9882 
1-TAILED PROBABILITY = .0000 

18 COEFFICIENT OF CONSISTENCE = .8578 
INCONSISTENT TRIADS = 29.0000 
CHI-SQUARE WITH 24.1420 DF = 111.2189 
1-TAILED PROBABILITY = .0000 

19 COEFFICIENT OF CONSISTENCE = .9853 
INCONSISTENT TRIADS = 3.0000 
CHI-SQUARE WITH 24.1420 DF = 127.2189 
1-TAILED PROBABILITY = .0000 

20 COEFFICIENT OF CONSISTENCE = .8431 
INCONSISTENT TRIADS = 32.0000 
CHI-SQUARE WITH 24.1420 DF = 109.3728 
1-TAILED PROBABILITY = .0000 

21 COEFFICIENT OF CONSISTENCE = .9265 
INCONSISTENT TRIADS = 15.0000 
CHI-SQUARE WITH 24.1420 DF = 119.8343 
1-TAILED PROBABILITY = .0000 

22 COEFFICIENT OF CONSISTENCE = .7843 
INCONSISTENT TRIADS = 44.0000 
CHI-SQUARE WITH 24.1420 DF = 101. 9882 
1-TAILED PROBABILITY = .0000 

23 COEFFICIENT OF CONSISTENCE = .8873 
INCONSISTENT TRIADS = 23.0000 
CHI-SQUARE WITH 24.1420 DF = 114.9112 
I-TAILED PROBABILITY = .0000 

24 COEFFICIENT OF CONSISTENCE = .7353 
INCONSISTENT TRIADS = 54.0000 
CHI-SQUARE WITH 24.1420 DF = 95.8343 
1-TAILED PROBABILITY = .0000 

25 COEFFICIENT OF CONSISTENCE = .8088 
INCONSISTENT TRIADS = 39.0000 
CHI-SQUARE WITH 24.1420 DF = 105.0651 
1-TAILED PROBABILITY = .0000 
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26 COEFFICIENT OF CONSISTENCE = .9020 
INCONSISTENT TRIADS = 20.0000 
CHI-SQUARE WITH 24.1420 DF = 116.7574 
1-TAILED PROBABILITY = .0000 

27 COEFFICIENT OF CONSISTENCE = .9069 
INCONSISTENT TRIADS = 19.0000 
CHI-SQUARE WITH 24.1420 DF = 117.3728 
1-TAILED PROBABILITY = .0000 

28 COEFFICIENT OF CONSISTENCE = .9461 
INCONSISTENT TRIADS = 11.0000 
CHI-SQUARE WITH 24.1420 DF = 122.2959 
1-TAILED PROBABILITY = .0000 

29 COEFFICIENT OF CONSISTENCE = .9069 
INCONSISTENT TRIADS = 19.0000 
CHI-SQUARE WITH 24.1420 DF = 117.3728 
1-TAILED PROBABILITY = .0000 

30 COEFFICIENT OF CONSISTENCE = .9069 
INCONSISTENT TRIADS = 19.0000 
CHI-SQUARE WITH 24.1420 DF = 117.3728 
1-TAILED PROBABILITY = .0000 

31 COEFFICIENT OF CONSISTENCE = .8284 
INCONSISTENT TRIADS = 35.0000 
CHI-SQUARE WITH 24.1420 DF = 107.5266 
1-TAILED PROBABILITY = .0000 

32 COEFFICIENT OF CONSISTENCE = .8431 
INCONSISTENT TRIADS = 32.0000 
CHI-SQUARE WITH 24.1420 DF = 109.3728 
1-TAILED PROBABILITY = .0000 

33 COEFFICIENT OF CONSISTENCE = .9461 
INCONSISTENT TRIADS = 11.0000 
CHI-SQUARE WITH 24.1420 DF = 122.2959 
1-TAILED PROBABILITY = .0000 

34 COEFFICIENT OF CONSISTENCE = .9412 
INCONSISTENT TRIADS = 12.0000 
CHI-SQUARE WITH 24.1420 DF = 121. 6805 
1-TAILED PROBABILITY = .0000 
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35 COEFFICIENT OF CONSISTENCE = .7696 
INCONSISTENT TRIADS = 47.0000 
CHI-SQUARE WITH 24.1420 DF = 100.1420 
1-TAILED PROBABILITY = .0000 

36 COEFFICIENT OF CONSISTENCE = .9853 
INCONSISTENT TRIADS = 3.0000 
CHI-SQUARE WITH 24.1420 DF = 127.2189 
1-TAILED PROBABILITY = .0000 

37 COEFFICIENT OF CONSISTENCE -- .8284 
INCONSISTENT TRIADS = 35.0000 
CHI-SQUARE WITH 24.1420 DF = 107.5266 
I-TAILED PROBABILITY = .0000 

38 COEFFICIENT OF CCNSISTENCE = .8873 
INCONSISTENT TRIADS = 23.0000 
CHI-SQUARE WITH 24.1420 DF = 114.9112 
1-TAILED PROBABILITY = .0000 

39 COEFFICIENT OF CONSISTENCE = .8480 
INCONSISTENT TRIADS = 31. 0000 
CHI-SQUARE WITH 24.1420 DF = 109.9882 
1-TAILED PROBABILITY = .0000 

40 COEFFICIENT OF CONSISTENCE = .8529 
INCONSISTENT TRIADS = 30.0000 
CHI-SQUARE WITH 24.1420 DF = 110.6035 
I-TAILED PROBABILITY = .0000 

41 COEFFICIENT OF CONSISTENCE = .8529 
INCONSISTENT TRIADS = 30.0000 
CHI-SQUARE WITH 24.1420 DF = 110.6035 
1-TAILED PROBABILITY = .0000 

42 COEFFICIENT OF CONSISTENCE = .6667 
INCONSISTENT TRIADS = 68.0000 
CHI-SQUARE WITH 24.1420 DF = 87.2189 
1-TAILED PROBABILITY = .0000 

43 COEFFICIENT OF CONSISTENCE = .9069 
INCONSISTENT TRIADS = 19.0000 
CHI-SQUARE WITH 24.1420 DF = 117.3728 
I-TAILED PROBABILITY = .0000 
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44 COEFFICIENT OF CONSISTENCE = .8039 
INCONSISTENT TRIADS = 40.0000 
CHI-SQUARE WITH 24.1420 DF = 104.4497 
I-TAILED PROBABILITY = .0000 

45 COEFFICIENT OF CONSISTENCE = .7353 
INCONSISTENT TRIADS = 54.0000 
CHI-SQUARE WITH 24.1420 DF = 95.8343 
I-TAILED PROBABILITY = .0000 

46 COEFFICIENT OF CONSISTENCE = .7304 
INCONSISTENT TRIADS = 55.0000 
CHI-SQUARE WITH 24.1420 DF = 95.2189 
I-TAILED PROBABILITY = .0000 

47 COEFFICIENT OF CONSISTENCE = .5196 
INCONSISTENT TRIADS = 98.0000 
CHI-SQUARE WITH 24.1420 DF = 68.7574 
I-TAILED PROBABILITY = .0000 

48 COEFFICIENT OF CONSISTENCE = .8627 
INCONSISTENT TRIADS = 28.0000 
CHI-SQUARE WITH 24.1420 DF = 111.8343 
I-TAILED PROBABILITY = .0000 

49 COEFFICIENT OF CONSISTENCE = .7451 
INCONSISTENT TRIADS = 52.0000 
CHI-SQUARE WITH 24.1420 DF = 97.0651 
I-TAILED PROBABILITY = .0000 

50 COEFFICIENT OF CONSISTENCE = .9314 
INCONSISTENT TRIADS = 14.0000 
CHI-SQUARE WITH 24.1420 DF = 120.4197 
I-TAILED PROBABILITY = .0000 

51 COEFFICIENT OF CONSISTENCE = .9314 
INCONSISTENT TRIADS = 14.0000 
CHI-SQUARE WITH 24.1420 DF = 120.4497 
I-TAILED PROBABILITY = .0000 

52 COEFFICIENT OF CONSISTENCE = .8480 
INCONSISTENT TRIADS = 31.0000 
CHI-SQUARE WITH 24.1420 DF = 109.9882 
I-TAILED PROBABILITY = .0000 
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53 COEFFICIENT OF CONSISTENCE = .8922 
INCONSISTENT TRIADS = 22.0000 
CHI-SQUARE WITH 24.1420 DF = 115.5266 
1-TAILED PROBABILITY = .0000 

54 COEFFICIENT OF CONSISTENCE = .8824 
INCONSISTENT TRIADS = 24.0000 
CHI-SQUARE WITH 24.1420 DF = 114.2959 
1-TAILED PROBABILITY = .0000 

55 COEFFICIENT OF CONSISTENCE = .7794 
INCONSISTENT TRIADS = 45.0000 
CHI-SQUARE WITH 24.1420 DF = 101. 3728 
1-TAILED PROBABILITY = .0000 

56 COEFFICIENT OF CONSISTENCE = .9216 
INCONSISTENT TRIADS = 16.0000 
CHI-SQUARE WITH 24.1420 DF = 119.2189 
1-TAILED PROBABILITY = .0000 

57 COEFFICIENT OF CONSISTENCE = .7990 
INCONSISTENT TRIADS = 41.0000 
CHI-SQUARE WITH 24.1420 DF = 103.8343 
1-TAILED PROBABILITY = .0000 

58 COEFFICIENT OF CONSISTENCE = .8775 
INCONSISTENT TRIADS = 25.0000 
CHI-SQUARE WITH 24.1420 DF = 113.6805 
1-TAILED PROBABILITY = .0000 

59 COEFFICIENT OF CONSISTENCE = .7010 
INCONSISTENT TRIADS = 61.0000 
CHI-SQUARE WITH 24.1420 DF = 91.5266 
1-TAILED PROBABILITY = .0000 

60 COEFFICIENT OF CONSISTENCE = .8873 
INCONSISTENT TRIADS = 23.0000 
CHI-SQUARE WITH 24.1420 DF = 114.9112 
1-TAn:"ED PROBABILITY = .0000 

61 COEFFICIENT OF CONSISTENCE = .9314 
INCONSISTENT TRIADS = 14.0000 
CHI-SQUARE WITH 24.1420 DF = 120.4497 
1-TAILED PROBABILITY = .0000 
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62 COEFFICIENT OF CONSISTENCE = .8676 
INCONSISTENT TRIADS = 27.0000 
CHI-SQUARE WITH 24.1420 DF = 112.4497 
1-TAILED PROBABILITY = .0000 

63 COEFFICIENT OF CONSISTENCE = .5490 
INCONSISTENT TRIADS = 92.0000 
CHI-SQUARE WITH 24.1420 DF = 72.4497 
1-TAILED PROBABILITY = .0000 

64 COEFFICIENT OF CONSISTENCE = .8578 
INCONSISTENT TRIADS = 29.0000 
CHI-SQUARE WITH 24.1420 DF = 111. 2189 
1-TAILED PROBABILITY = .0000 

65 COEFFICIENT OF CONSISTENCE = .9412 
INCONSISTENT TRIADS = 12.0000 
CHI-SQUARE WITH 24.1420 DF = 121.6805 
1-TAILED PROBABILITY = .0000 

66 COEFFICIENT OF CONSISTENCE = .5980 
INCONSISTENT TRIADS = 82.0000 
CHI-SQUARE WITH 24.1420 DF = 78.6036 
1-TAILED PROBABILITY = .0000 

67 COEFFICIENT OF CONSISTENCE = .6029 
INCONSISTENT TRIADS = 81.0000 
CHI-SQUARE WITH 24.1420 DF = 79.2189 
1-TAILED PROBABILITY = .0000 

68 COEFFICIENT OF CONSISTENCE = .8676 
INCONSISTENT TRIADS = 27.0000 
CHI-SQUARE WITH 24.1420 DF = 112.4497 
1-TAILED PROBABILITY = .0000 

69 COEFFICIENT OF CONSISTENCE = .8775 
INCONSISTENT TRIADS = 25.0000 
CHI-SQUARE WITH 24.1420 DF = 113.6805 
1-TAILED PROBABILITY = .0000 

70 COEFFICIENT OF CONSISTENCE = .9069 
INCONSISTENT TRIADS = 19.0000 
CHI-SQUARE WITH 24.1420 DF = 117.3728 
1-TAILED PROBABILITY = .0000 
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71 COEFFICIENT OF CONSISTENCE = .9216 
INCONSISTENT TRIADS = 16.0000 
CHI-SQUARE WITH 24.1420 DF = 119.2189 
1-TAILED PROBABILITY = .0000 

72 COEFFICIENT OF CONSISTENCE = .8088 
INCONSISTENT TRIADS = 39.0000 
CHI-SQUARE WITH 24.1420 DF = 105.0651 
1-TAILED PROBABILITY = .0000 

73 COEFFICIENT OF CONSISTENCE = .8382 
INCONSISTENT TRIADS = 33.0000 
CHI-SQUARE WITH 24.1420 DF = 108.7574 
1-TAILED PROBABILITY = .0000 

74 COEFFICIENT OF CONSISTENCE = .8137 
INCONSISTENT TRIADS = 38.0000 
CHI-SQUARE WITH 24.1420 DF = 105.6805 
1-TAILED PROBABILITY = .0000 

75 COEFFICIENT OF CONSISTENCE = .9216 
INCONSISTENT TRIADS = 16.0000 
CHI-SQUARE WITH 24.1420 DF = 119.2189 
1-TAILED PROBABILITY = .0000 

76 COEFFICIENT OF CONSISTENCE = .9216 
INCONSISTENT TRIADS = 16.0000 
CHI-SQUARE WITH 24.1420 DF = 119.2189 
1-TAILED PROBABILITY = .0000 

77 COEFFICIENT OF CONSISTENCE = .7892 
INCONSISTENT TRIADS = 43.0000 
CHI-SQUARE WITH 24.1420 DF = 102.6036 
1-TAILED PROBABILITY = .0000 

78 COEFFICIENT OF CONSISTENCE = .6324 
INCONSISTENT TRIADS = 75.0000 
CHI-SQUARE WITH 24.1420 DF = 82.9112 
1-TAILED PROBABILITY = .0000 

79 COEFFICIENT OF CONSISTENCE = .9608 
INCONSISTENT TRIADS = 8.0000 
CHI-SQUARE WITH 24.1420 DF = 124.1420 
1-TAILED PROBABILITY = .0000 
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80 COEFFICIENT OF CONSISTENCE = .9118 
INCONSISTENT TRIADS = 18.0000 
CHI-SQUARE WITH 24.1420 DF = 117.9882 
1-TAILED PROBABILITY = .0000 

81 COEFFICIENT OF CONSISTENCE = .9265 
INCONSISTENT TRIADS = 15.0000 
CHI-SQUARE WITH 24.1420 DF = 119.8343 
1-TAILED PROBABILITY = .0000 

82 COEFFICIENT OF CONSISTENCE = .8578 
INCONSISTENT TRIADS = 29.0000 
CHI-SQUARE WITH 24.1420 DF = 111.2189 
1-TAILED PROBABILITY = .0000 

83 COEFFICIENT OF CONSISTENCE = .9069 
INCONSISTENT TRIADS = 19.0000 
CHI-SQUARE WITH 24.1420 DF = 117.3728 
1-TAILED PROBABILITY = .0000 

84 COEFFICIENT OF CONSISTENCE = .8235 
INCONSISTENT TRIADS = 36.0000 
CHI-SQUARE WITH 24.1420 DF = 106.9112 
1-TAILED PROBABILITY = .0000 

85 COEFFICIENT OF CONSISTENCE = .8873 
INCONSISTENT TRIADS = 23.0000 
CHI-SQUARE WITH 24.1420 DF = 114.9112 
1-TAILED PROBABILITY = .0000 

86 COEFFICIENT OF CONSISTENCE = .9510 
INCONSISTENT TRIADS -- 10.0000 
CHI-SQUARE WITH 24.1420 DF = 122.9112 
1-TAILED PROBABILITY = .0000 

87 COEFFICIENT OF CONSISTENCE = .8775 
INCONSISTENT TRIADS = 25.0000 
CHI ·~SQUARE WITH 24.1420 DF = 113.6805 
1-TAILED PROBABILITY = .0000 

88 COEFFICIENT OF CONSISTENCE = .7941 
INCONSISTENT TRIADS = 42.0000 
CHI-SQUARE WITH 24.1420 DF = 103.2189 
1-TAILED PROBABILITY = .0000 
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89 COEFFICIENT OF CONSISTENCE = .7500 
INCONSISTENT TRIADS = 51.0000 
CHI-SQUARE WITH 24.1420 DF = 97.6805 
1-TAILED PROBABILITY = .0000 

90 COEFFICIENT OF CONSISTENCE = .8971 
INCONSISTENT TRIADS = 21.0000 
CHI-SQUARE WITH 24.1420 DF = 116.1420 
1-TAILED PROBABILITY = .0000 

91 COEFFICIENT OF CONSISTENCE = .8578 
INCONSISTENT TRIADS = 29.0000 
CHI-SQUARE WITH 24.1420 DF = 111.2189 
1-TAILED PROBABILITY = .0000 

CATEGORIES FREQUENCIES PERCENTS 

QUESTION A B A B A B 

1 17 1 34 57 .3736 .6264 
2 1 16 65 26 .7143 .2857 
3 8 9 10 81 .1099 .8901 
4 4 13 53 38 .5824 .4176 
5 6 14 64 27 .7033 .2967 
6 10 11 77 14 .8462 .1538 
7 2 8 52 39 .5714 .4286 
8 9 15 63 28 .6923 .3077 
9 17 6 32 59 .3516 .6484 

10 8 17 61 30 .6703 .3297 
11 14 8 46 45 .5055 .4945 
12 5 2 39 52 .4286 .5714 
13 8 10 32 59 .3516 .6484 
14 13 8 43 48 .4725 .5275 
15 11 4 22 69 .2418 .7582 
16 5 14 42 49 .4615 .5385 
17 16 9 23 68 .2527 .7473 
18 17 2 28 63 .3077 .6923 
19 12 13 64 27 .7033 .2967 
20 13 17 63 28 .6923 .3077 
21 6 7 53 38 .5824 .4176 
22 9 2 68 23 .7473 .2527 
23 11 17 36 55 .3956 .6044 
24 11 6 17 74 .1868 .8132 
25 15 6 57 34 .6264 .3736 
26 6 9 29 62 .3187 .6813 
27 8 1 14 77 .1538 .8462 
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CATEGORIES FREQUENCIES PERCENTS 

QUESTION A B A B A B 

28 3 5 59 32 .6484 .3516 
29 9 14 76 15 .8352 .1648 
30 9 5 74 17 .8132 .1868 
31 11 3 16 75 .1758 .8242 
32 5 16 35 56 .3846 .6154 
33 3 8 52 39 .5714 .4286 
34 4 12 40 51 .4396 .5604 
35 8 6 30 61 .3297 .6703 
36 10 9 20 71 .2198 .7802 
37 2 13 52 39 .5714 .4286 
3P 3 15 40 51 .4396 .5604 
39 13 15 29 62 .3187 .6813 
40 16 13 65 26 .7143 .2857 
41 6 2 56 35 .6154 .3846 
42 14 7 43 48 .4725 .5275 
43 11 9 6 85 .0659 .9341 
44 9 3 64 27 .7033 .2967 
45 10 5 60 31 .6593 .3407 
46 12 9 24 67 .2637 .7363 
47 5 11 70 21 .7692 .2308 
48 17 10 24 67 .2637 .7363 
49 12 5 63 28 .6923 .3077 
50 2 14 50 41 .5495 .4505 
51 17 5 34 57 .3736 .6264 
52 10 6 39 52 .4286 .5714 
53 15 14 69 22 .7582 .2418 
54 2 11 73 18 .8022 .1978 
55 15 16 45 46 .4945 .5055 
56 1 15 72 19 .7912 .2088 
57 12 10 57 34 .6264 .3736 
58 14 17 61 30 .6703 .3297 
59 14 4 34 57 .3736 .6264 
60 16 14 63 28 .6923 .3077 
61 15 4 48 43 .5275 .4725 
62 17 15 24 67 .2637 .7363 
63 14 12 27 64 .2967 .7033 
64 4 16 43 48 .4725 .5275 
65 7 11 76 15 .8352 .1648 
66 7 9 22 69 .2418 .7582 
67 5 6 30 61 .3297 .6703 
68 4 17 66 25 .7253 .2747 
69 12 8 67 24 .7363 .2637 
70 2 15 45 46 .4945 .5055 
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CATEGORIES FREQUENCIES PERCENTS 

QUESTION A B A B A B 

71 10 3 46 45 .5055 .4945 
72 5 7 48 43 .5275 .4725 
73 7 17 65 26 .7143 .2857 
74 17 16 21 70 .2308 .7692 
75 9 4 73 18 .8022 .1978 
76 3 12 39 52 .4286 .5714 
77 2 1 14 77 .1538 .8462 
78 13 1 9 82 .0989 .9011 
79 17 3 30 61 .3297 .6703 
80 8 5 49 42 .5385 .4615 
81 17 9 11 80 .1209 .8791 
82 16 10 50 41 .5495 .4505 
83 13 10 32 59 .3516 .6484 
84 3 13 53 38 .5824 .4176 
85 14 10 40 51 .4396 .5604 
86 6 16 52 39 .5714 .4286 
87 1 3 74 17 .8132 .1868 
88 11 14 15 76 .1648 .8352 
89 5 13 49 42 .5385 .4615 
90 12 17 70 21 .7692 .2308 
91 8 11 67 24 .7363 .2637 
92 4 1 19 72 .2088 .7912 
93 14 1 13 78 .1429 .8571 
94 15 10 58 33 .6374 .3626 
95 11 12 17 74 .1868 .8132 
96 3 4 41 50 .4505 .5495 
97 2 12 37 54 .4066 .5934 
98 4 7 49 42 .5385 .4615 
99 15 8 64 27 .7033 .2967 

100 1 5 79 12 .8681 .1319 
101 11 15 10 81 .1099 .8901 
102 13 9 11 80 .1209 .8791 
103 6 1 27 64 .2967 .7033 
104 7 2 48 43 .5275 .4725 
105 16 8 65 26 .7143 .2857 
106 13 11 65 26 .7143 .2857 
107 15 5 64 27 .7033 .2967 
108 12 1 22 69 .2418 .75::2 
109 1 7 82 9 .9011 .0989 
110 9 1 47 44 .5165 .4835 
111 10 2 45 46 .4945 .5055 
112 5 4 43 48 .4725 .5275 
113 4 8 49 42 .5385 .4615 
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CATEGORIES FREQUENCIES PERCENTS 

QUESTION A B A B A B 

114 16 2 55 36 .6044 .3956 
115 12 6 40 51 .4396 .5604 
116 6 13 61 30 .6703 .3297 
117 2 3 50 41 .5495 .4505 
118 7 16 36 55 .3956 .6044 
119 16 11 76 15 .8352 .1648 
120 7 12 34 57 .3736 .6264 
121 10 1 14 77 .1538 .8462 
122 11 1 5 86 .0549 .9451 
123 15 12 46 45 .5055 .4945 
124 3 14 46 45 .5055 .4945 
125 13 7 43 48 .4725 .5275 
126 12 16 53 38 .5824 .4176 
127 14 13 49 42 .5385 .4615 
128 4 10 53 38 .5824 .4176 
129 7 15 34 57 .3736 .6264 
130 2 4 50 41 .5495 .4505 
131 6 4 63 28 .6923 .3077 
132 7 3 48 43 .5275 .4725 
133 3 6 34 57 .3736 .6264 
134 16 3 52 39 .5714 .4286 
135 8 7 45 46 .4945 .5055 
136 10 7 45 46 .4945 .5055 

SCALE TOTALS 

CATEGORY FREQ. SCALE 

1 1155 .7933 
2 721 .4952 
3 712 .4890 
4 726 .4986 
5 602 .4135 
6 854 .5865 
7 683 .4691 
8 598 .4107 
9 1128 .7747 

10 728 .5000 
11 277 .1902 
12 857 .5886 
13 577 .3963 
14 616 .4231 



CATEGORY 

15 
16 
17 

SCALE TOTALS 

FREQ. 

862 
827 
453 

SCALE 

.5920 

.5680 

.3111 

COEFFICIENT OF AGREEMENT = 
CHI-SQUARE = 
DEGREES OF FREEDOM = 
I-TAILED PROBABILITY = 

.1609 
2153.8320 

140.6186 
.0000 
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