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Abstract

This draft proposal poses the hypotheses that flexible development processes or agile methods are linked to better performing
projects and the production of higher quality internet products and services. Flexible development processes are characterized
by short overlapping development cycles, rapid prototyping, solicitation of early customer feedback, malleable designs that
are optimized for change, and use of highly experienced computer programmers to enhance productivity and quality. This
proposal suggests a study to collect valid empirical data from organizations that produce internet products and services, and
then to correlate high quality products and services to the use of flexible development processes by these organizations. In
doing so, this study poses to create an empirical basis for linking software methods to business benefits, which has eluded the

computer programming industry for more than 50 years.
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Introduction

Purpose, Focus, and Rationale

The purpose of this study is to link the use of flexible software development processes, also known as agile methods,
to better performing software projects, or organizations that produce high quality internet products and services. Flexible
development processes are characterized by activities such as the use of overlapping stages rather than long sequential ones,
rapid prototyping rather than late development, early rather than late market feedback, and the use of experienced versus
novice computer programmers. Traditional methods use long stages, late development, late market feedback, and novice
developers. Poor organizational performance and low product quality are linked to these activities.
Scope and Delimitations

The scope of this study is limited to organizations that produce internet products and services, such as websites, e-
commerce systems, portals, online shopping systems, online auction systems, and tools such as internet browsers. This study
is also limited to organizations that practice flexible development processes, such as rapid prototyping, rapid incremental
development, and those that foster the use of highly experienced computer programmers. This study will not focus on
organizations that produce military systems, embedded systems such as semiconductors, or non-internet applications.
Relevance, Significance, Importance, and Justification

Many organizations are developing internet products and services to enhance their basic missions, products, and
services, regardless of the type of business or industry, such as the Fortune 1,000 (Liu, Arnett, & Litecky). These firms are
faced with using no established methods for producing internet products and services, traditional software methods based
outdated techniques, or flexible development processes (MacCormack, Verganti, & lansiti, 2001). Organizations from the
Fortune 1,000 or any number of industries would benefit from the knowledge that flexible development processes will help
them cost effectively produce high quality internet products and services (MacCormack, Verganti, & lansiti).
Key Terms and Definitions

Flexible development processes are those based on the use of overlapping iterative stages, rapid prototyping, early
market feedback, and highly experienced personnel. Iterative development is a process of delivering small parts of a product
in short stages versus developing a large product over a long period of time. Rapid prototyping is a process of developing
working models of a final product for customers to see and use to determine their needs as early as possible. Early market
feedback is a process of involving customers in the development process itself, delivering early prototypes for them to see
and use, and delivering early beta versions for them to try out before the final product is complete. Experienced personnel are
those that have made an internet product or service directly related to the one they are now making.
Organization of Document

This draft proposal is organized into five sections: an introduction, research problem, theoretical framework,
literature review, research methodology, and references. The introduction is one page, the research problem is stated in two
pages, the theoretical framework consists of five pages, the literature review surveys 32 software methods in 15 pages, the

research methodology is one page, and there are eight pages of references. This proposal contains two figures and five tables.
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Research Problem

The research problem is simply to link the use software methods to some measure of business success. The literature
survey contains an in-depth review of 32 major classes of software methods, their purpose, their principles, and more
importantly, their business benefits. However, few empirical studies on software methods clearly link the pervasive use of
any software method to fundamental business success as pointed out by MacCormack, VVerganti, and lansiti (2001).
Therefore the general research problem is to link the use of software methods by internet firms to business success.
Research Problem Statement

The research problem is to collect valid empirical evidence linking the use of software methods by internet firms
such as flexible development processes or agile methods to some measure of business or market success. Examples of
internet firms are Microsoft, Yahoo, Google, America Online, Amazon, E-Bay, or any number of the other lesser known
firms. The firms don’t have to be major names such as these and don’t even have to be commercial internet service providers
such as these, but could even be U.S. government agencies and contractors that build internet products and services.
Examples of flexible development processes or agile methods are the use of highly parallelized and iterative activities, rapid
prototyping, and early customer or market involvement, such as those described by MacCormack, Verganti, and lansiti
(2001). Examples or measures of business or market success are increased revenues, profits, marketshare, product quality,
customer satisfaction, time to market reductions, productivity, and reliability (Cusumano, 1995, 1997).
Research Background

Computer programmers, computer scientists, software engineers, and management scientists specializing in
technology have been trying to solve computer programming problems such as quality, reliability, productivity, cost
effectiveness, time to market, and customer satisfaction for more than five decades (Knuth, 1963; Dijkstra, 1968; Fagan,
1976; Jones, 1985; Sulack, Lindner, & Dietz, 1989; Cusumano, 1991; Kan, 1994; MacCormack, Verganti, & lansiti, 2001).
Fagan introduced software inspections to increase quality and productivity by an order of magnitude in 1976, Jones
introduced defect prevention to increase quality by another order of magnitude in 1985, and Sulack, Lindner, and Dietz used
iterative, overlapping lifecycles with early market feedback to produce a 30 million line of code computer operating system
in record time. Hewlett Packard saved $350 million using Fagan’s software inspections over a 10 year period (Grady, 1997),
Motorola successfully produced an error free paging system at 25 times the normal productivity levels (Ferguson, Humphrey,
Khajenoori, Macke, & Matvya, 1997), and Electronic Brokering Services designed a 65,000 line Java system using team
processes that conducted $1 billion worth of online trades per day without error in record time (Goth, 2000). Yet, all of these
major breakthroughs linking software methods to business and market success have left computer programmers, management
scientists, and business executives questioning the place of software methods in the boardroom (MacCormack, Verganti, and
lansiti). Are the business benefits of software methods suffering from lack of public relations? Does the study of the link
between software methods and business success really belong in business schools? This is the background, which establishes
the context, for seeking hard empirical, scholarly, and peer reviewed evidence to link the use of flexible development

processes such as agile methods to business success (MacCormack, Verganti, & lansiti).
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Research Questions

The research questions revolve around the fundamental issue of whether software methods are linked to business
success. The 1990s and the new millennium have introduced an onslaught of internet technologies that have transformed
technology, the world economy, and computer programming, and MacCormack, Verganti, and lansiti (2001) have accurately
portrayed the current market conditions as dynamic and uncertain. Therefore, the basic research question is whether the use
of flexible development processes or agile methods are linked to better performing projects (e.g., higher product quality).
Flexible development processes are characterized by three fundamental features: greater investments in architectural design,
earlier market feedback on a product’s system level performance, and greater amounts of generational experience

(MacCormack, Verganti, & lansiti). Therefore, three research questions have been posed as shown in Table 1.

Table 1
Research Questions for Linking Market Conditions to Flexible Development Processes (Agile Methods)

Conditions Factors Variables Type Research Questions
Dynamic and  Flexible Greater Research Q1: In dynamic and uncertain environments, are greater
uncertain development investments in question #1 investments in architectural design associated with higher
environments  processes architectural product quality?
(agile methods) design
Earlier market Research Q2: In dynamic and uncertain environments, is earlier
feedback on  question #2 feedback on a product’s system-level performance
product’s associated with higher product quality?
system level
performance
Greater Research Q3: In dynamic and uncertain environments, are project
amounts of question #3 teams with greater generational experience associated with
generational higher product quality?
experience

Research Goals and Objectives

The research goals and objectives are to gather empirical evidence linking greater investments in architectural
design, earlier market feedback, and the use of highly experienced personnel to better performing projects and higher product
quality (MacCormack, Verganti, & lansiti, 2001). This study will attempt to identify organizations with high quality internet
products and services. Then it will link product quality to design expenditures, earlier market feedback, and more experience.
Research Assumptions, Constraints, Limitations, and Delineations

This study will be limited to flexible development processes, rather than those in the literature review. This study
assumes a valid empirical model of product quality exists. This study will be limited to organizations producing internet
products and services. This study will only be based on valid empirical data on design expenditures, evidence of early market
feedback, and use of highly experienced personnel. This study will not attempt to validate the benefits of other major

methods such as those based on empirical project and quality management (Humphrey, 1996; Webb & Humphrey, 1999).
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Theoretical Framework

Research Hypotheses

There are three major research hypotheses linking market conditions to the variables associated with flexible
development processes or agile methods (see Table 2). The first hypothesis tests to see if internet firms with higher quality
internet products and services spend more resources on architectural design, namely building prototypes and flexible designs
that are adaptable to change. The second hypothesis tests to see if internet firms with higher quality internet products and
services release prototypes to customers in order to proactively solicit early market feedback. The third hypothesis tests to see
if internet firms with higher quality internet products and services utilize personnel with direct experience on two or more
major product releases, the idea being that prior release experience results in higher product quality. The alternatives are that

internet firms don’t spend more on architectural design, solicit early feedback with prototypes, or use experienced personnel.

Table 2
Research Hypotheses for Linking Market Conditions to Flexible Development Processes (Agile Methods)

Conditions Factors Variables Type Research Questions and Hypotheses
Dynamic and Flexible Greater Research Q1: In dynamic and uncertain environments, are greater
uncertain development investments in question #1 investments in architectural design associated with higher
environments  processes architectural product quality?

(agile methods) design Alternative  Hy: In dynamic and uncertain environments, greater

hypothesis #1 investments in architectural design will be associated with
higher product quality.

Null Ho: In dynamic and uncertain environments, greater
hypothesis #1  investments in architectural design will be not associated
with higher product quality.

Earlier market Research Q2: In dynamic and uncertain environments, is earlier
feedback on  question #2 feedback on a product’s system-level performance
product’s associated with higher product quality?

system level Alternative H,: In dynamic and uncertain environments, earlier

performance v othesis #2  feedback on a product’s system-level performance will be
associated with higher product quality.
Null Ho: In dynamic and uncertain environments, earlier
hypothesis #2 feedback on a product’s system-level performance will not
be associated with higher product quality.
Greater Research Q3: In dynamic and uncertain environments, are project
amounts of question #3 teams with greater generational experience associated with
generational higher product quality?
EXPErience  Ajternative  H,: In dynamic and uncertain environments, project teams

hypothesis #3  with greater generational experience will be associated with
higher product quality.

Null Ho: In dynamic and uncertain environments, project teams
hypothesis #3  with greater generational experience will not be associated
with higher product quality.
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Research Variables

There are two major classes of research variables, namely better performing projects and the principle characteristics
of better performing processes or agile methods (see Table 3). The first major class (e.g., better performing projects) refers to
internet firms with higher quality internet products and services. The characteristics (e.g., independent variables) of higher
quality internet products and services are more product features, better technical performance, and higher product reliability.
These embody the user’s or customer’s view of the internet product or service. The second major class (e.g., flexible
development processes or agile methods) refers to internet firms that apply greater investments in architectural design, solicit
earlier feedback on their product’s system level performance, and apply greater amounts of generational experience. The
primitive characteristics of flexible development processes are total resources, architectural design effort, prototype feedback,
system testing feedback, beta release feedback, and experience on two or more major product releases. These embody the
best features of flexible development processes or agile methods (e.g., rapid prototyping, high customer involvement, rapid

incremental releases, and use of highly experienced personnel).

Table 3
Research Variables for Linking Market Conditions to Flexible Development Processes (Agile Methods)

Market Conditions Major Factors Dependent Variables Independent Variables
Dynamic and uncertain  Better performing Higher product quality More product features
environments projects

Better technical performance
Higher product reliability

Flexible Greater investments in Total resources
development architectural design
processes

(agile methods)

Architectural design effort
Earlier feedback on product’s Prototype feedback
system level performance System testing feedback
Beta release feedback

Greater amounts of generational ~ Experience on two or more major
experience product releases

Research Theory

The theoretical model shown in Figure 1 links market conditions to the use of flexible development processes or
agile methods and was adapted from MacCormack, Verganti, and lansiti (2001). The theoretical model is based on notions of
highly parallelized processes (Clark & Fujimoto, 1991), rapid iterative development (Cusumano, 1997), and early customer
involvement and the expenditure of resources on prototyping (Beck, 1999). Highly parallelized processes are known to be
utilized by firms to gain an advantage under highly competitive market conditions (Clark & Fujimoto) and are embodied by
earlier market feedback on a product’s system level performance, prototype feedback, and system testing feedback. Rapid
iterative development has been empirically attributed to Microsoft’s unprecedented market success (Cusumano) and is

embodied by these same variables, as well as greater amount of generational experience.
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Figure 1. Research Theory for Linking Market Conditions to Flexible Development Processes (Agile Methods)

Research Theory (Alternatives)

The theoretical model shown in Figure 1 was developed by MacCormack, Verganti, and lansiti (2001) and was
validated using data from 29 projects from 17 highly successful firms such as Microsoft, Netscape, Alta Vista, and Yahoo.
Furthermore, MacCormack’s, Verganti’s, and lansiti’s theoretical model was published in a scholarly, peer reviewed journal
primarily on the strength of its quantitative empirical foundations (e.g., weighted least squares and ordinary least squares).
An interesting element of MacCormack’s, Verganti’s, and lansiti’s theoretical model was its dependent variable called
product quality, which itself was based on the three independent variables of product features, technical performance, and
reliability. These variables were based on the use of what MacCormack, Verganti, and lansiti called the Delphi method. It
was basically a panel of industry experts who themselves evaluated the product features, technical performance, and
reliability of the internet products from the 29 firms and 17 projects that were surveyed on the basis of how much they
applied the principles of flexible development processes or agile methods (MacCormack, Verganti, & lansiti). In other words,
a panel of independent experts evaluated the internet products of the 29 firms and then rated the quality of their products and
services, the results of which were later correlated to the survey of the same 29 firm’s software methods (MacCormack,
Verganti, & lansiti). There is a growing body of empirical research, which itself is based on conducting broad surveys of
market perceptions of the quality of internet products and services, namely online shopping portals, e-commerce websites,
and online auction services, whose results may be more generalizable than portions of Figure 1, as shown in Table 4

(Torkzadeh & Dhillon, 2002; Kwon, Kim, & Lee, 2002; McKinney, Yoon, & Zahedi, 2002; Liu, Arnett, & Litecky, 2000).
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Research Theories for Linking Market Conditions to Flexible Development Processes (Agile Methods) and Internet Website Quality

9

Sources  Market Conditions Major Factors Dependent Variables Independent Variables
(@) Dynamic and Better performing Higher product More product features, better technical performance, higher product
uncertain projects quality reliability
environments Flexible Greater investments Total resources, architectural design effort
development in architectural
process design
Earlier feedback on  Prototype feedback, system testing feedback, beta release feedback
product’s system
level performance
Greater amounts of ~ Experience on two or more major product releases
generational
experience
(b) Pervasive e- Internet website Means objectives Internet product choice, online payment method, internet vendor trust,
commerce based effectiveness shopping travel, internet shopping errors
market Fundamental Internet shopping convenience, internet ecology, internet customer relations,
objectives internet product value
(c) Internet auction Beliefs about Product Price level, complexity of product usage
market growth website characteristics
effectiveness Website architecture Layout, information organization
Website information Reference information for bidding, convenient functions, miscellaneous
content information
Website information Basic auction information, product information, bidding information,
design miscellaneous information
Customer Gender, financial status, bidding experience, risk preference
characteristics
(d) Pervasive online Web customer Web information Information quality expectation, information quality perceived performance
shopping market satisfaction quality satisfaction
Web system quality ~System quality perceived performance, system quality expectation
satisfaction
(e) Pervasive e- Design quality of Information quality ~ Relevant, accurate, timely information, flexible and customized information

commerce based

market

websites

Learning capability
Playfulness

System quality

System use

Service quality

presentation, products/services differentiation, complete description of
products/services, price information, satisfying ethical standards, perceived
products/services quality, information to support business objectives
Interactive function between customers and business organization, well
defined link, help function, customized search engine

Enjoyment, excitement, feeling of participation, charming, escapism
Security, rapid accessing, quick error recovery, precise operation and
computation, balanced payment method between security and ease of use,
coordination

Confidence, control, ease of use, online order status, privacy

Quick responsiveness, assurance, empathy, follow up service

Note. (a) MacCormack, Verganti, and lansiti (2001); (b) Torkzadeh and Dhillon (2002); (c) Kwon, Kim, and Lee (2002); (d) McKinney, Yoon, and Zahedi
(2002); and (e) Liu, Arnett, and Litecky (2000).
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Research Variable Operationalization

The dependent and independent variables introduced in Table 3 and Figure 1 are defined and operationalized in
Table 5. More product features is simply that, is the user satisfied with the amount of functionality provided by the various
internet products and services? The definitions of the independent variables in Table 5 are only meant to give a general idea
of what these variables mean. The models by Torkzadeh and Dhillon (2002), Kwon, Kim, and Lee (2002), McKinney, Yoon,
and Zahedi (2002), and Liu, Arnett, and Litecky (2000) place greater significance on the variables surrounding the definition
of internet products and services than do MacCormack, Verganti, and lansiti (2001). However, it is difficult to assess the
depth of MacCormack’s, Verganti’s, and lansiti’s definitions without a detailed examination of MacCormack (1998). The

variables in Table 5 will be defined with scholarly resources and operationalized in the form of measurement instruments.

Table 5

Research Variable Operationalizations for Linking Market Conditions to Flexible Development Processes (Agile Methods)
Dependent Variable Independent Variable Definition

Higher product quality More product features Better user control, tailorability, presentation of choices, and user services

Better technical performance Faster response times, ease of use, and efficiency of transactions
Higher product reliability =~ Fewer product crashes, functional failures, and higher mean time to failure
Greater investments in  Total resources Total development and test resources consumed in project (person-days)

architectural design Acrchitectural design effort  Ratio of architectural design resources to development and test resources

Earlier feedback on Prototype feedback Percentage of product functionality included in the first prototype

S;??;Jr?;:niftem level System testing feedback Percentage of product functionality included in the first system integration
Beta release feedback Percentage of product functionality included in the first beta release

Greater amounts of Experience on two or more  Proportion of team with greater than two generations of project experience

generational experience major product releases

Research Approach

The first research approach that may be employed would be a survey. That is, the selection and design of the
theoretical model will be finalized, but will look very similar to Figure 1. Then a sample of organizations, firms, and projects
will be selected, either from high profile Internet firms, such as those found in MacCormack, Verganti, and lansiti (2001) or
from a unique sample. For instance, a new sample of projects may come from a civilian or military U.S. government agency,
in order to evaluate the quality of their Internet products and services against their use of flexible development processes or
agile methods, to test for a correlation between these variables. Measurement instruments will be obtained from MacCormack
(1998) or adapted from Torkzadeh and Dhillon (2002), Kwon, Kim, and Lee (2002), McKinney, Yoon, and Zahedi (2002), or
Liu, Arnett, and Litecky (2000). Other forms of quantitative studies may be to obtain the dataset from MacCormack and look
for other patterns linking the use of flexible development processes to high product quality. Another form of study may be to
obtain datasets from empirical studies such as Torkzadeh and Dhillon and look for correlations to the dataset from
MacCormack. This would be an interesting correlational analysis because the dataset from Torkzadeh and Dhillon is likely to

be more generalizable than the dataset from MacCormack due to its larger sample and consumer origin.
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Literature Review
The literature review identifies 32 major classes of software methods that have emerged over the last 50 years. There

are many variations of each major class of software method, which renders the number of software methods in the hundreds.
However, this is a comprehensive timeline of software methods similar to popular textbooks (Kaplan, Clark, & Tang, 1995).
The literature review contains a brief synopsis of each of the 32 major classes of software methods, identifying the decade
and year in which it appeared, its purpose, its major tenets, its strengths, and its weaknesses. The year each software method
appeared corresponds to the seminal work that introduced the method based on extensive bibliographic research and the
strengths and weaknesses were based on scholarly and empirical works to provide an objective capstone for each method.

Figure 2 and Table 6 themselves establish a solid empirical foundation and framework for future scholarly research.

Figure 2. Timeline of Software Methods

Mainframe Era Midrange Era Microcomputer Era Internet Era Personalized Era
1960s 1970s 1980s 1990s 2000s
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([ Software Factory >
[__|_Domain Analysis >
[ Quality Management >
[ BuyversusMake >
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Market Conditions Market Conditions Market Conditions Market Conditions Market Conditions
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sxstems born born 3 + Disk drives become smaller bundles l?ecome killerapp . :ﬁ&sg%a}iﬁig;tﬂeﬁzi%lgg%e
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Elr)?grammmg languages . ::r.ogrammlng emerges * Personal computers emerge * Netscape becomes killerapp « Everything is miniaturized
* Large scale computer prggr;‘;\l/ﬁ:iﬁgr?;r%i;ges * DOS emerges * HTML and Java emerge * Global industry slowdown
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* Telecommunications obsolete Andreessen become Wall 20 years of prophecy
industry deregulated * High tech trade deficit Street wonderboys « Outsourcing threatens U.S.
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boost to U.S. economy




Table 6

Summary of relationships between market conditions, software methods, and business objectives
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Era Market Conditions Problem Method Goal Savings
Mainframe = Bureaucracies use computers Unreadable programs ~ Flowcharting Document programs Maintenance
= Early programs in binary
= Programmers are Math PhDs  Complex programs Structured Design Program using subroutines Development
Midrange = Telecoms, engineering firms, Error prone programs ~ Formal Specification ~ Verify programs early Maintenance

Microcomputer » Medium and small-sized
businesses use computers

= Fast computers and graphical
user interfaces ideal for
automated software tools to

Internet

Personalized

and academia use computers
= Number of projects explode
= Productivity, cost, and quality

are pervasive issues

= Large projects are broken into

smaller pieces

« Most computer programs

inoperable

- Software maintenance costs

are astronomical

« Programmers are engineers

and physicists

document customer

requirements and designs

= Automated scheduling tools
abound but discipline of
project management doesn’t

take hold
= Firms try and solve

productivity and quality
problems with reusable

computer programs

« Programmers are computer

scientists

= Computers are fast, cheap,
easy-to-use and reliable, and
one or more computers per
household are the norm

= Internet technologies like
Netscape and HTML obsolete
all prior computer languages

= Productivity, quality, and
automation take a back seat
= Project management attempts

to make a last stand, though
it’s rejected as too inflexible

= Most software can be

purchased now and doesn’t

have to be built anew

= Millions of websites are
created by anyone with a
computer and some curiosity

= Computers small and wireless

Costly programs
Failure prone programs
Long schedules

Poor code reviews
Unwritten requirements
Inoperable programs
Lost programs

Unmet requirements
Overrun schedules
Expensive testing
Unpredictable projects
Manual documentation
Numerous subroutines

Redundant subroutines

Undefined requirements

Long phases or stages
Manual lifecycles
Slow learning curves
Late verification
Numerous problems
Redundant designs
Inconsistent measures
Inconsistent quality
Redundant applications
Poor management
Redundant products
Late programming
Poor team management

Inflexible programs

Software Estimation
Software Reliability
Iterative/Incremental
Software Inspections
Structured Analysis
Software Testing
Configuration Control
Quality Assurance
Project Management
Defect prevention
Process Improvement
CASE Tools

Object Oriented
Software Reuse
Rapid Prototyping
Concurrent Lifecycle
Software Factory
Domain Analysis
Quality Management
Risk Management
Software Architecture
Software Metrics

Six Sigma

Buy versus Make
Personal Processes
Product Lines
Synch-n-Stabilize
Team Processes

Agile Methods

Control costs

Test important programs

Program using subprojects

Remove most defects
Document requirements
Test all programs
Inventory programs
Evaluate requirements
Control schedules

Reduce appraisal cost

Standardize management

Automate documentation

Group subroutines
Standardize subroutines
Solicit early feedback
Use overlapping stages
Automate lifecycles

Use program specialists

Verify requirements early

Reduce problems early
Standardize designs
Standardize measures

Achieve high quality

Buy commercial programs

Teach management skills

Standardize products

Begin programming early
Teach team management

Create flexible programs

Development
Maintenance
Development
Maintenance
Development
Maintenance
Development
Maintenance
Development
Maintenance
Development
Development
Development
Development
Development
Development
Development
Development
Maintenance
Development
Development
Maintenance
Maintenance
Development
Development
Development
Development
Development

Development
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Mainframe Era

The 1960s were a defining period for the world of computers giving rise to what we now know as mainframe
computers (Solomon, 1966). Think of mainframe computers as building-sized calculators, most of which can now fit in your
shirt pocket and are versatile enough to run on sunlight. Of course, these mainframe computers gave rise to large scale
operating systems requiring hundreds of expert programmers to produce over many years (Needham and Hartley, 1969).
More importantly, high-level computer programming languages such as the Common Business Oriented Language or
COBOL were created to help humans communicate with these building-sized calculators and instruct them to perform useful
functions more easily (Sammet, 1962). The creation of these mainframes, their operating systems, and their high-level
COBOL computer programming languages caused the North Atlantic Treaty Organization or NATO to form a new technical
discipline called software engineering to help manage the explosion of computer programming projects (Naur & Randell,
1969). But, this was only the tip of the iceberg, because transistors were being commercialized, which would soon give rise
to an explosion of new computers, operating systems, programming languages, and software projects that NATO could never
have anticipated (Smith, 1965). However, suffice it to say that mainframes met the needs of the government and corporate
bureaucracies that dominated the market and era of the 1960s rather well (Niskanen, 1968).

Flowcharting. The first major software method to emerge during the mainframe era of the 1960s was flowcharting
(Knuth, 1963). The purpose of flowcharting was to document computer programs written in primitive computer
programming languages, which used complex symbolic codes or pseudonyms, so that other computer programmers could
understand their design, maintain them (e.g., correct, enhance, or upgrade), and prepare computer program user guides for
customers (Knuth). Flowcharting was a seven step process of dividing the computer program into logical sections, describing
the overall computer program at the beginning, documenting the functions and assumptions, delineating each section with a
special code, delineating each instruction with a special code, placing special markings next to each instruction, inserting a
special symbol to show the relationships between instructions, and automatically generating a flowchart from the results
(Knuth). From these codes within codes, diagrams were automatically generated to help computer programmers visualize the
primitive computer languages using flowcharts (Knuth). The strength of flowcharting was that it provided a two dimensional
graphical representation of the flow and control of computer programs that was easily understood, enabled other computer
programmers to easily understand it, and it provided customers with an explanation of computer programs (Knuth). The
weakness of flowcharting was that it generated numerous complex graphical symbols and arrows because computer programs
were organized into logical abstractions called subroutines (Dijkstra, 1968). The use of flowcharting has never proven to
have any appreciable quantitative benefits (Shneiderman, Mayer, McKay, & Heller, 1977), yet flowcharting remains one of
the most ubiquitous tools for business process reengineering and quality improvement (Stinson, 1996; Wingo, 1998).

Structured design. The second major software method to emerge during the mainframe era of the 1960s was
structured design (Dijkstra, 1968). The purpose of structured design was to organize computer programs into a functionally
decomposed hierarchy of larger algorithmic abstractions called subroutines versus individual computer statements, much like

an organizational chart of a large and complex bureaucracy (Dijkstra). Structured design was a top down approach of
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identifying the main purpose of the computer program, dividing the top level function into smaller parts, dividing the smaller
parts into even smaller parts, and then iterating over this process until the computer program was a functionally decomposed
hierarchy of subroutines rather than a conglomeration of primitive computer instructions (Dijkstra). The strength of
structured design was that computer programs organized into a hierarchy of subroutines were easier to design, implement,
test, and maintain (Wirth, 1971; Stevens, Myers, & Constantine, 1974). The weakness of structured design was that no one
could agree on the optimal size, number, and complexity of the hierarchy of subroutines leading to wide variations in
structured design practices (Endres, 1975; Basili & Perricone, 1984).
Midrange Era

If the 1960s were a defining era for the world of computers, the 1970s completely redefined the face of technology
resulting in the creation of what we now know as midrange or minicomputer systems (Eckhouse, 1975). Midrange systems
were simply smaller, better, faster, and cheaper computers created by the likes of Gene Amdahl, an IBM engineer, whose
back-of-the-napkin innovations fell on deaf ears at Big Blue, but was more than welcome news to the Japanese (Amdahl,
1967). Amdahl simply told the Japanese that he could build a better mousetrap, if they’d just foot-the-bill, and the likes of
NASA would roll out the red carpet for his new machines, which they did in order to fuel the information processing needs of
the both the Apollo and Skylab programs (Yamamoto, 1992). But, trouble was on the horizon, the innovations in computers,
operating systems, programming languages, and software methods were resulting in too much software, too fast, for the U.S.
government, its military, and its corporations to manage successfully, causing the Dutch inventor of the structured design
methodology to describe this period as the software crisis (Dijkstra, 1972). The software crisis transcended the invention of
the microcomputer and only recently began subsiding with the advent of the Internet age, more than 25 years later
(Humphrey, 1989). To add insult to injury, over 170 high-level computer languages emerged by the early stages of the
midrange era (Sammet, 1972). The U.S. DoD, for whom computers had been created, demanded an end to this Tower of
Babel and set out to create a single, standard high-level computer programming language that embodied the best features,
ideas, and innovations in computer programming (Carlson, Druffel, Fisher, and Whitaker, 1980). A slew of advanced
information technologies exploded onto the global scene, which would not only fulfill the promise of computers for
technologists, but for the U.S. military as well as the worldwide commercial marketplace. These technologies included the
relational database for creating large repositories of reliable information that were portable across a wide variety of
computers and were cost effective to maintain (Codd, 1970). Semiconductors were also commercialized, opening the door for
smaller and faster midrange systems, more sophisticated operating systems, sleek and efficient computer programming
languages, and more importantly, cost effective computers that would serve as a catalyst for enhancing organizational
performance and profitability (Monk, 1980). The microprocessor also emerged in the midrange era, which was simply an
entire computer on a chip (Brennan, 1975). Whereas, a mainframe was the size of a building and early midrange computers
filled up entire rooms, microprocessors could fit in a lunch box (Brennan). The UNIX operating system was created, which
was the smallest, most efficient, and most useful computer operating system ever created (Ritchie & Thompson, 1974), and

by only two people using their own private computer programming language called C (Kernighan & Ritchie, 1978), whereas
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early mainframe operating systems required thousands of people to create over periods as long as a decade (Brooks, 1975).
The midrange era saw the deregulation of the telecommunications industry and breakup of Ma Bell into many baby bells,
which consumed the plethora of midrange systems, commercial semiconductors, microprocessors, UNIX operating systems,
and the C programming language to create switching systems for handling consumer long-distance calling, consisting of tens
of millions of lines of code (Stanley, 1973; Kernighan & Ritchie; Ritchie & Thompson).

Formal specification. The first major software method to emerge during the midrange era of the 1970s was formal
specification (Hoare, 1971). The purpose of formal specification was to provide a method for designing computer programs
that were free of errors and defects before they were created as an alternative to flowcharting and structured design (Hoare).
Formal specification was a four stage process of applying the language and semantics of logic and mathematics to defining
requirements or problem statements, translating the problem into a mathematical or logical formula, simplifying the formula,
translating the formula into a computer program, and then refining the computer program further (Knuth). The strength of
formal specification was that it reduced time to market and productivity by four times, it increased computer program quality
by 100 times, and it had a return on investment of 33 to 1 (McGibbon, 1996). The weakness of formal specification was that
it didn’t have a mechanism for capturing customer needs, the use of logic and mathematics was difficult to link to customer
requirements, and the use of logic and mathematics was ambiguous and subject to wide interpretation (Liu & Adams, 1995).

Software estimation. The second major software method to emerge during the midrange era was software
estimation (Merwin, 1972). The purpose of software estimation was to establish an empirical framework for project
management of computer programming based on effort, costs, productivity, quality, schedules and risks (Walston & Felix,
1977). Software estimation was a seven step process of defining the customer requirements, producing a conceptual design,
estimating the computer program size from historical data, estimating the effort and costs from historical data, producing a
schedule, developing the product, and analyzing the results (Flaherty, 1985). The strength of early software estimation
methods was that they established the basis for empirical project and quality management of computer programming for
several decades (McGibbon, 1997). However, in spite of their pervasive use well into the 21st century, the reliability and
validity of software estimation has proven to be a continuing issue hindering their wide spread usage and acceptance (Auer &
Biffl, 2004).

Software reliability. The third major software method to emerge from the midrange era was software reliability
(Littlewood, 1975). The purpose of software reliability was to improve customer satisfaction by reducing the number of times
a system crashed by operating computer programs the way customers would, removing the failures, and measuring the mean
time between failures with various mathematical or statistical models (Littlewood). Software reliability was a five step
process of defining the customer’s reliability needs, applying a software development method to meet those needs,
integrating in commercial or reusable software that met the reliability requirements, operationally testing computer programs
by using them the way customers would, and verifying that computer programs satisfied mean time to failure requirements
through the application of specialized statistical or mathematical models (Everett, 1995). The strengths of software reliability

were that it was an inexpensive way of maximizing customer satisfaction and statistical reliability models had proven to be
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accurate (Kan, 1991, 1995). The weaknesses of software reliability were that some reliability models were not focused on
testing that models the customer's behavior, reliability models varied widely in their designs, the underlying metrics and
measures of reliability models varied widely, software failures were inconsistently classified, few practitioners applied more
than one type of reliability model, computer programs were rarely classified according to type and kind, reliability models
were difficult to calibrate and verify, and there was evidence of bias among reliability studies (Lanubile, 1996).

Iterative and incremental. The fourth major software development method to emerge during the midrange era was
iterative and incremental development (Basili & Turner, 1975). The purpose of iterative and incremental development was to
maximize customer satisfaction by designing computer programs one component at a time and soliciting early market
feedback (Basili & Turner). Iterative and incremental development was a six step process of identifying as many customer or
market needs as possible, defining a product specification consisting of prioritized customer requirements, planning a series
of autonomous subprojects to implement the customer requirements from highest to lowest priority, rapidly designing
computer programs to meet individual requirements, soliciting early market feedback by releasing rapidly produced computer
programs, and repeating the entire process by leveraging the early market feedback, benefiting from the lessons learned in
doing so and gaining momentum from the experiences obtained through this iterative process (Basili & Turner). The
strengths of iterative and incremental development were that it could result in 50% increases in productivity, a time to market
improvement of 66%, and an overall computer programming cost reduction of 20% (Woodward, 1999). The weakness of the
iterative and incremental method was lack of sound project management and quality assurance practices (Humphrey, 1996).

Software inspections. The fifth major software development method to emerge during the midrange era was
software inspections (Fagan, 1976). The purpose of software inspections was to maximize customer satisfaction, software
quality, and software reliability of computer programs by using small teams to identify and remove software defects from
computer programs using group reviews (Fagan). Software inspections were a six step process of planning the number of
inspections based on the number of computer programs to be inspected, holding a preliminary overview meeting to orient
programmers on the computer programs they were about to review, individual self study and review of computer programs
and their associated documentation, the team review itself to analyze computer programs one instruction at a time to identify
software defects, a rework stage for the computer programmer to repair defects, and a follow-up stage to verify the defects
were repaired and to report the status of the computer program quality (Fagan). The strengths of software inspections were
that they were 10 times more efficient at eliminating defects than software testing, minimized software maintenance costs,
resulted in high levels of computer program reliability, and had a return on investment of up to 30 times over software testing
alone (Fagan, 1986). The weaknesses of software inspections were inadequate training, poor facilitation, poor execution,
organizational resistance, lack of management support, lack of focus, bloated checklists, manual data collection, pursuit of
trivial issues, inexperience, inadequate preparation, and lack of measurement (Lee, 1997).

Structured analysis. The sixth major software development method to emerge during the midrange era was
structured analysis (Ross & Schoman, 1977). The purpose of structured analysis was to improve the success of software

projects and computer program design by documenting customer requirements in a functionally decomposed graphical



Under What 17

hierarchy (Ross & Schoman). Structured analysis was a seven step process of defining the top level function of the system
with its inputs and outputs, decomposing the top level function into subfunctions with their inputs and outputs, continuing
this process until all of the customer requirements had been represented on the hierarchy chart, internally verifying the
functional decompoasition, soliciting customer feedback about the functional decomposition, repairing and refining the
functional decomposition based on the customer feedback, and then developing one or more computer subroutines
corresponding to each requirement on the functional decomposition (Ross & Schoman). The strength of structured analysis
was that it resulted in substantial improvements in productivity, estimation accuracy, computer program quality, requirements
quality, and satisfaction of customer requirements at the system and software level (Hardy, Thompson, & Edwards, 1994).

Software testing. The seventh major software development method to emerge during the midrange era was
software testing (Hennell, Hedley, & Woodward, 1977). The purpose of software testing was to ensure a computer program
satisfied its customer needs and requirements, performed its intended functions, and operated properly and failure free.
Software testing was an eight step process of defining a test strategy based on customer requirements, a project plan for
conducting testing, an overall design for the tests, individual test cases to verify a range of requirements, test procedures
corresponding to a particular set of conditions, a test item transmittal for communications, a test log for recording testing
actions, and a test summary to report the findings of the testing process (Institute of Electrical and Electronics Engineers,
1993). The strengths of software testing was that it improved time to market, productivity, quality, and return on investment
by more than 10 times (Asada & Yan, 1998). The weakness of testing was that it was 10 times less efficient than other
methods (Russell, 1991).

Configuration control. The eighth major software development method to emerge during the midrange era was
configuration control (Bersoff, Henderson, & Siegel, 1978). The purpose of configuration control was to reduce the cost and
risk of developing computer programs by maintaining an inventory of computer programs and their associated documents
(e.g., requirements, designs, subroutines, and tests) as they were being developed (Bersoff, Henderson, & Siegel).
Configuration control was an eight step process of identifying configuration items (e.g., computer programs and their
documentation), naming configuration items, gathering configuration items as they were developed, requesting changes to
configuration items, evaluating those changes, approving or disapproving changes, implementing the changes, producing
status reports about the state of configuration items, and auditing the configuration items against inventory lists (Institute of
Electrical and Electronics Engineers, 1990). The strengths of configuration control were that it enhanced communication
among computer programmers, it established a clear inventory of all computer programs and associated documentation, and
it acted as a solid foundation to enhance decision-making for project managers and computer programmers (Cugola et al.,
1997). The weakness of configuration control was that it cost more than it saved computer programmers (Cugola et al.).

Quality assurance. The ninth major software development method to emerge during the midrange era was quality
assurance (Benson & Saib, 1978). The purpose of quality assurance was to ensure that a computer program satisfied its
customer needs and requirements by ensuring that management and technical activities were properly used (Benson & Saib).

Quality assurance was an 11 step process of ensuring minimum documentation was produced; standards, practices,
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conventions, and metrics were utilized; reviews and audits were conducted; software testing was performed; problem
reporting and corrective action took place; software tools, techniques, and methodologies were applied; computer programs
were controlled; media were tracked; suppliers were managed; records were kept; training was conducted; and risk
management was performed (Institute of Electrical and Electronics Engineers, 1989). The strengths of quality assurance were
that it ensured customer needs and requirements were satisfied early in the lifecycle of computer programs when it was less
expensive to do so and it enhanced quality and reliability of computer programs (Rubey, Browning, & Roberts, 1989). The
weaknesses of quality assurance were that it was often confused with many other software methods such as software testing
and configuration control and was is often omitted for this reason (Runeson & lsacsson, 1998).

Microcomputer Era

The microcomputer era of the 1980s ushered in revolutionary changes in information technology, and, as if all at
once, threatened to make the mainframes of the 1960s and midrange systems of the 1970s suddenly obsolete, in favor of
much faster, cheaper, and more reliable workstations (Bewley, Roberts, Schroit, & Verplank, 1983) and personal computers
(Ahlers, 1981). Cathode ray tubes or inexpensive television screens combined with keyboards also seemed to magically
appear, replacing the punch cards that were developed in the 1960s and 1970s to program computers (Randles, 1983).
Computer disk drives, which were one of the most significant innovations to emerge from the midrange era, became faster
and cheaper during the microcomputer era (Murray, 1989). While UNIX was the star of the 1970s (Ritchie & Thompson,
1974), the disk operating system or DOS for personal computers became the killerapp of the 1980s, which was a computer
program not unlike its big mainframe or midrange operating system cousins (Pechura, 1983). Apple’s Macintosh, a premium-
priced personal computer, appeared as an oddity replete with one of the first graphical user interfaces (Broadhead, Gregory,
Pelkie, Main, & Close, 1985), which due to its price was only a promise of things to come for the average user (lves, 1982).
Spreadsheets emerged as a killerapps because they made easy the task of budgeting, financial analysis, and could be used to
design simple economic what-if scenarios for strategic planning (Carlsson, 1988). The microprocessor that emerged in the
1970s was now getting faster and cheaper in two-year intervals and itself was considered a killerapp (Lockwood, 1988).
Microcomputers and their powerful computer programs were functionally indistinguishable from mainframes (Collins &
Stem, 1986; Harrison, 1985). The loss of the mainframe revenues for the U.S. computer industry exacerbated the broadening
technologically-based trade deficit between East and West and quickly became a national crisis (Tyson, 1992).

Project management. The first major software development method to emerge during the microcomputer era was
project management (Mills, 1980). The purpose of project management was to estimate the costs, develop a schedule, and
manage the costs and schedule for developing complex computer programs (Mills). One of the goals of project management
was to oversee the implementation of a consistent set of practices or lifecycle across all computer programming projects that
were known to reduce costs and improve quality (O’Neill, 1980). Standardized design and programming practices were
considered a key part of the project management life cycle (Linger, 1980). The project management lifecycle also consisted
of standardized configuration control and automated software testing tools (Dyer, 1980). Early project management also

consisted of a standard suite of lifecycle documents, such as project planning, requirements, design, and testing
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documentation (Quinnan, 1980). The strength of project management and its standard lifecycle, activities, and documents
was that it acted as a basis for bottom up estimation of project costs and provided a framework for cost control (Mills).
However, this early project management model failed to incorporate best practices in iterative and incremental development,
which were instrumental project management practices for dramatically reducing costs and risks (Basili & Turner, 1975).

Defect prevention. The second major software development method to emerge during the microcomputer era was
defect prevention (Jones, 1985). The purpose of defect prevention was to improve customer satisfaction of computer
programs along with quality and reliability by preventing software defects more cost effectively than software inspections
and testing (Jones). Defect prevention was a six step process of holding kickoff meetings to teach computer programmers
about the common causes of errors and how to avoid them, holding causal analysis meetings after computer programs were
complete to analyze the software errors and determine what to do about them, populating an action database with all
organizational action plans to prevent common causes of error in the future, holding action team meetings to begin
implementing organizational controls to prevent errors, and populating a defect repository with defect prevention results to
feed back into the kickoff meetings (Jones). The strengths of defect prevention were that it was hundreds of times more
effective at achieving customer satisfaction, software reliability, and software quality than software inspections and testing
alone (Mays, Jones, Holloway, & Studinski, 1990). The weaknesses of defect prevention were that its process was subjective
and occurred too late, and it was a manual process subject to intense organizational resistance (Chillarege et al., 1992).

Process improvement. The third major software development method to emerge during the microcomputer era
was process improvement (Radice, Harding, Munnis, & Phillips, 1985). The purpose of process improvement was to
standardize project management and quality assurance practices across an organization in order to enhance productivity and
quality (Radice, Harding, Munnis, & Phillips). Process improvement was a four-step process of auditing an organization’s
computer programming processes, identifying their strengths and weaknesses, standardizing the strongest ones, and
improving the weakest practices (Radice, Harding, Munnis, & Phillips). The strength of this approach was that it enabled
organizations to standardize only the strongest best practices that were tailored for each business unit, serving as a
simultaneous bottom up and top down approach (Radice, Harding, Munnis, & Phillips). And, some organizations experienced
ten-fold increases in productivity and quality using process improvement (Diaz & Sligo, 1997). However, more organizations
failed to show any improvements at all and frequently deceived the auditors in order to get favorable evaluations (O'Connell
& Saiedian, 2000).

CASE tools. The fourth major software development method to emerge during the microcomputer era was computer
aided software engineering or CASE tools (Hoffnagle & Beregi, 1985). The purpose of CASE tools was to serve as an broad
ranging, but integrated set of automated tools to support project management and development of computer programs
(Hoffnagle & Beregi). The ultimate goal of using CASE tools was to automate manually intensive tasks, stimulate
productivity, and ultimately yield market and economic advantages (Hoffnagle & Beregi). CASE tools automated important

activities such as project management, documentation of customer requirements, design of computer programs, software
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testing, and configuration control (Mercurio, Meyers, Nisbet, and Radin, 1990). CASE tools cost millions of dollars to
purchase and deploy (Huff, 1992) and failed to live up to their economic benefits (Guinan, Cooprider, and Sawyer, 1997).
Object oriented. The fifth major software development method to emerge during the microcomputer era was object
oriented design (Booch, 1986). The purpose of object oriented design was to logically organize computer programs into
larger abstractions called objects that mirrored the real world, which resulted in computer programming modules called
radios, engines, missiles, or automobiles (Booch). Structured analysis and design organized computer programs into
mathematical formulas, such as sine, cosine, or tangent, and resulted in thousands of subroutines that were difficult to design,
program, and maintain (Booch). By grouping computer programs into real world abstractions, computer programs would
contain fewer modules, and thus would be easier to design, program, and maintain (Booch). More importantly, object
oriented programs would be faster to produce, easier to understand, and easier to adapt to rapidly changing customer needs
(Booch). Combined, these benefits reduced the costs and improved the reliability of computer programs (Booch). The
productivity-enhancing benefits of object oriented design never came to fruition (Reifer, Craver, Ellis, & Strickland, 2000).
Software reuse. The sixth major software development method to emerge during the microcomputer era was
software reuse (Owen, Gagliano, and Honkanen, 1987). The purpose of software reuse was to create libraries of high quality
object oriented computer programs that could be used many times, eliminate reinventing the wheel, and reduce development
and maintenance costs (Owen, Gagliano, and Honkanen). Software reuse was a four-step process of creating an
organizational environment for software reuse (e.g., organizational policies and procedures), creating the reusable computer
programs themselves, managing an organizational library of these reusable compute programs, and building new systems
from these computer programs (Lim, 1998). The strengths of software reuse were its 50% increases in quality, 60%
improvements in productivity, and 40% reductions in time to market (Lim, 1994). However, software reuse proved to be
difficult to implement due to intense cultural resistance and the effort of achieving its economic benefits was too great (Lim).
Rapid prototyping. The seventh major software development method to emerge during the microcomputer era was
rapid prototyping (Luqi, 1989). The purpose of rapid prototyping was to solicit a complete set of customer requirements and
optimize customer satisfaction by developing early prototypes of computer programs, which they could evaluate (Lugi).
Rapid prototyping was a four-step process of soliciting preliminary customer requirements, creating an early model of
computer programs, allowing customers to evaluate the models, refining the models until they met the customer’s needs,
documenting the customer requirements, and designing the final computer program based on the customer requirements
(Luqi). The strengths of rapid prototyping were that customers were involved early, a complete set of customer requirements
was obtained, and the final products met needs (Luqi). The weaknesses of rapid prototyping were that project management
was ignored and poorly operating prototypes that didn’t meet quality assurance standards were delivered to customers (Lugi).
Concurrent lifecycle. The eighth major software development method to emerge during the microcomputer era
was concurrent lifecycle development (Sulack, Lindner, & Dietz, 1989). The purpose of the concurrent lifecycle was to
produce large computer programs as quickly as possible in an era of highly competitive market conditions (Sulack, Lindner,

& Dietz). Concurrent lifecycle development was a five part approach consisting of breaking large software projects into
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multiple iterations; overlapping activities such as design, programming, and test; soliciting early feedback from customers;
standardizing software development activities across a large organization; and rigorously verifying the computer programs.
The strengths of this approach were cycle time reductions of 60% (Sulack, Lindner, & Dietz) and early user involvement
(Pine, 1989), which led to 100% customer satisfaction and quality levels (Kan, Dull, Amundson, Lindner, & Hedger, 1994).
However, use of concurrent lifecycles simply could not result in a level of competitiveness necessary to keep pace with rapid
innovations in personal computer and internet software (Liu, 1995; Bethony, 1996; Baker, 1994; Heck, 1995; Bouvier, 1995).

Software factory. The ninth major software development method to emerge during the microcomputer era was the
software factory (Cusumano, 1989). The purpose of the software factory was to reduce the cost and improve the quality of
producing computer programs in order to achieve massive economies of scale comparable to manufacturing (Cusumano).
The software factory consisted of centralizing resources, establishing standards, automating configuration control and testing,
applying quality assurance, and using computer aided software engineering or CASE tools and software reuse (Cusumano).
The strength of the software factory was that it helped corporations improve sales by 10 times, reduce time to market by five
times, improve software quality by five times, and achieve software reuse levels of more than 50% (Cusumano, 1991). The
primary weakness of the software factory was its inflexibility and inability to help firms keep pace with rapid innovations in
personal computer and internet software (Liu, 1995; Bethony, 1996; Baker, 1994; Heck, 1995; Bouvier, 1995).

Domain analysis. The tenth major software development method to emerge during the microcomputer era was
domain analysis (Arango, 1989). The purpose of domain analysis for computer programming was to systematically capture
organizational learning and knowledge, reduce the learning curve, and prevent reinventing the wheel many times (Arango).
Domain analysis was a five part process of characterizing the requirements for a class of computer programs, collecting data,
analyzing data, classifying data, and evaluating the data for the various classes (Schafer, Prieto-diaz, & Matsumoto, 1994).
The strength of domain analysis was its ability to implement 60% more design features per unit time than traditional
methods, reduce development costs by 75%, and reduce the number of computer programmers by over 66% (Siy & Mockus,
1999). The weakness of domain analysis was that it propagated the use of older technologies, which were not as powerful and
easy to use as internet tools, requiring the re-calibration of the economic models of domain analysis (Siy & Mockus).
Internet Era

The internet era of the 1990s was the most profound decade for the field of computer programming since computers
emerged in the 1950s as information technology was transformed from a caterpillar into butterfly in the form of Microsoft
Windows (Liu, 1995) and the world wide web (Baker, 1994). The 1990s started off rather slowly with only incremental and
inconsequential improvements in Microsoft Windows (Udell, 1993), which almost lulled a few computer programmers into a
false sense of security about mainframe, midrange, and microcomputer era software methods (Humphrey, Snyder, & Willis,
1991). However, about the middle of the decade, the 1990s took off and never looked back, as the world wide web exploded
onto the global scene (Heck, 1995; Bouvier, 1995; Singhal & Nguyen; 1998), Windows 95 became an instant media
sensation (Liu). The coffin had been nailed shut on the mainframe era (Gould, 1999) and its software methods characterized
by Humphrey (1989) were suddenly overtaken by events. A few more amazing technological wonders materialized in the

1990s, namely high speed internet service (Sheehan, 1999), crystal clear and colorfully brilliant flat screen displays
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(Bergquist, 1999), wireless networks (Choy, 1999), palm sized computers (Sakakibara, Lindholm, & Ainamo, 1995), and
digital cameras (Gerard, 1999). The creator of Microsoft Windows was now the richest person on the planet with $90 billion
(Schulz, 1998) and a 21 year old college student who created Netscape had a net worth of $2 billion (Tetzeli & Puri, 1996).
The U.S. jumped from last to first among technological innovators within the top 10 industrialized nations and internet
technologies contributed a much needed breath of life to the once sputtering U.S. economy (Goss, 2001).

Quality management. The first major software development method to emerge during the internet era was quality
management (Rigby, Stoddart, & Norris, 1990). The purpose of quality management was to embody the best features of
modern quality assurance practices in an international standard and encourage organizations to create and enforce standards
for management, administration, finance, product development, and even training (Tingey, 1997). Implementing quality
management was a four part process of characterizing the as-is approach to product development, creating an organizational
culture of quality, designing a broad ranging program of quality assurance, and conducting formal audits to verify
compliance with ISO 9001 (Rigby, Stoddart, & Norris). Productivity and cycle time benefits for quality management were on
the order of 13%, quality improvements were on the order of 12 times, and cost savings were on the order of 20% (Naveh,
Marcus, Allen, & Moon, 1999). The weakness of quality management was the sheer difficult of designing, deploying, and
verifying the use of a set of standard practices for everything from management through training (Rigby, Stoddart, & Norris).

Risk management. The second major software development method to emerge during the internet era was risk
management (Boehm, 1991). The purpose of risk management for computer programming was to identify serious or high
impact threats to software project success and to mitigate or eliminate negative impacts to the software project (Boehm). Risk
management was a seven step process of identifying the risk factors, assessing the risk probabilities and effects on the
project, developing risk mitigation strategies, monitoring the risk factors, invoking a contingency plan if necessary, managing
a crisis if it occurred, and recovering from the crisis (Boehm). The strengths of risk management were that it cost as little as
one hour to identify four risks for computer programming projects and cost savings ranged as high as $6,000,000, while its
weaknesses wee that very few projects applied risk management (Freimut, Hartkopf, Kaiser, Kontio, & Kobitzsch, 2001).

Software architecture. The third major software development method to emerge during the internet era was
software architecture (Lange & Schwanke, 1991). The purpose of software architecture is to improve the function and
performance of computer programs by analyzing them for the purposes of exploiting the economic benefits of satisfying
customer needs (Lange & Schanke). Software architecture is a six step process of specifying the structure, analyzing the
scope, evaluating the requirements, recording the structural data, evaluating the modularity, and improving the structure of
computer programs. The strength of software architecture is that it costs only 10% of total project costs, project savings
outweigh its costs, and customer satisfaction levels reach 80% (Clements, 1998). The weakness of software architecture is
that software technologies along with their design structure quickly become obsolete and the process was manually intensive
(Clements).

Software metrics. The fourth major software development method to emerge during the microcomputer era was
software metrics (Kan, 1991). The purpose of using software metrics was to quantitatively measure, predict, and control the

degree to which computer programming projects and computer programs themselves satisfied customer requirements (Kan).
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Examples of software metrics were software cost models (e.g., number of hours to produce a computer program), quality
models (e.g., number of defects in computer programs), reliability (e.g., time between system crashes), and customer
satisfaction (Kan, 1995). Implementing software metrics was an eight step process of preparing the measurement program,
identifying and defining the goals, preparing and conducting interviews, developing the measurement plan, developing a data
collection plan, collecting data, analyzing the data, and recording the measurement activities for future reference (Birk, Van
Solingen, & Jarvinan, 1998). The strengths of software measurement were that it resulted in cost estimation accuracy of more
than 90%, quality and reliability estimation accuracy of more than 99%, and customer satisfaction of nearly 100% (Kan). The
weakness of software measurement was that it wsa inconsistently practiced and highly error prone (Johnson & Disney, 1998).

Six sigma. The fifth major software development method to emerge during the internet era was six sigma (Ebenau,
1994). The purpose of six sigma was to meet or exceed all customer needs and expectations by reducing the process variation
associated with producing computer programs (Ebenau). Six sigma was a 10 step process of collecting data about processes
like costs, defects, and resources; selecting a type of two dimensional graph in which to plot the data for visualization
purposes; recording the process data points on the two dimensional graph; estimating the average values and standard
deviation of the process data points to establish operating boundaries or control limits; drawing boundaries on the two
dimensional graph; labeling the X and Y axes with appropriate labels showing the type of process characteristics and time
measures; plotting an initial sample of process data; searching for potential problems as indicated by the plotted process data;
and recalculating the control limits to adjust for any problem areas in the process data (Ebenau). The strengths of six sigma
were that it resulted in 100% quality of computer programs, high levels of customer satisfaction, 100% increases in schedule
estimation accuracy, faster time to market, and achieved cost savings in the millions of dollars (Murugappan & Keeni, 2003).
The weakness of six sigma was that humans couldn’t be controlled like machines (Binder, 1997).

Buy versus make. The sixth major software development method to emerge during the internet era was buy versus
make (Kontio, 1996). The purpose of buy versus make was to purchase commercial computer programs instead of building
custom computer programs as a means of reducing the high costs and risks associated with software development (Kontio).
Buy versus make consisted of searching for one or more commercial computer programs that may have met your needs,
screening the initial candidates to narrow down the choices, evaluating the final set of alternatives using criteria, applying a
system of weighting to distinguish among the alternatives, and applying a process of bottoms up scoring of the alternatives
(Kontio). The strengths of buy versus make were that it had a return on investment of nearly six times over traditional
software development methods, it reduced software development costs by as much as 85%, and it was up to 70% faster
(Ochs, Pfahl, Chrobok-Diening, & Nothhelfer-Kolb, 2001). The weakness of buy versus make was accentuated by the
internet age because web products had too many bugs translating into security flaws, insecure purchasing and downloading
procedures, incompatible security schemes with other computer programs, poor operating security while users interfaced to
the internet, weak security measures that were unknown by ordinary users, and insecure internet maintenance and updating
procedures such as virus file updates from popular anti-virus computer programs (Lindqgvist & Jonsson, 1998).

Personal processes. The seventh major software development method to emerge during the internet era was

personal processes (Humphrey, 1996). The purpose of personal processes were to help computer programmers achieve high
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levels of programming productivity and software quality by teaching them how to apply project management, software
testing, and software metrics (Humphrey). Personal processes were a four step approach to learning how to apply software
estimation for project planning, earned value management for tracking time and effort, quality assurance for removing bugs
from designs and computer programs, and incremental and iterative development for reducing the costs and risks of long
duration computer programming projects (Humphrey). The strengths of personal processes were that they improved
productivity by up to 25 times, increased the precision of software estimates, and resulted in nearly zero-defect and failure
free computer programs (Ferguson, Humphrey, Khajenoori, Macke & Matvya, 1997). The weaknesses of personal processes
were their manual data collection procedures, which resulted in poor data validity and reliability (Johnson & Disney, 1998).

Product lines. The eighth major software development method to emerge during the internet era was product lines
(Klingler & Creps, 1996). The purpose of product lines was to reduce the risks of computer programming for software
development firms by creating an systematic organizational environment for developing reusable software for specific
families or types of computer programs (Klingler & Creps). Products lines had three broad classes of processes: core asset
development, product development, and management (Northrop, 2002). Core asset development consisted of defining
software architectures, evaluating them, developing reusable software modules, buying as much software as possible,
gathering reusable software from external sources, and continuously gaining experience with the various computer
programming application areas or domains (Northrop). Product development consisted of developing requirements for the
final customer computer programs, building the final products from core assets, and then testing them (Northrop).
Management consisted of technical activities (e.g., risk management) and organizational activities (e.g., technology
forecasting), according to Northrop. The strengths of product lines were that it could reduce the cost and risk of computer
programming by up to 95% (Poulin, 1999). The weakness of product lines was the lack of customer involvement, rapid
prototyping, early market feedback, and iterative overlapping development (MacCormack, Verganti, & lansiti, 2001).

Synch-n-stabilize. The ninth major software development method to emerge during the internet era was synch-n-
stabilize (Cusumano, 1997). The purpose of the synch-n-stabilize approach was to get large computer programs to market
quickly using many small parallel teams with a maximum amount of entrepreneurial flexibility, freedom, creativity, and
autonomy (Cusumano). Synch-n-stabilize was a seven step approach consisting of parallel programming and testing, use of
vision statements as requirements, projects consisting of three or four rapid iterations, daily programming and integration
testing, schedules with hard deadlines, early customer feedback, and use of small computer programming teams (Cusumano).
The strengths of the synch-n-stabilize approach was it helped Microsoft achieve a 34 million percent increase in revenues
from 1975 to 1995 with profits of nearly $2 billion (Cusumano & Selby, 1995, p. 5) and customer satisfaction of 90% across
its suite of products (Cusumano & Selby, p. 377). The weakness of synch-n-stabilize was that it resulted in poor quality with
63,000 known defects in the Windows 2000 operating system (Dugan, 2000) and numerous security flaws (Johnston, 2002),
which translated into 32,000 to 57,000 security flaws (Davis, Humphrey, Redwine, Zibulski, & McGraw, 2004).

Team processes. The tenth major software development method to emerge during the internet era was team
processes (Webb & Humphrey, 1999). The purpose of team processes was to improve the likelihood of successfully

developing larger computer programs that required teams of computer programmers to produce by teaching them how to
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apply disciplined project management and quality assurance practices (Webb & Humphrey). The 10 steps of team processes
included defining product goals, establishing individual roles such as project manager, producing a development strategy,
building incremental release plans, developing quality assurance plans, refining the incremental release plans, applying risk
management, performing management reporting, holding management reviews, and conducting post mortem reviews (Webb
& Humphrey). The strength of team processes included improved size estimation, effort estimation, schedule estimation,
defect density, process yield, productivity, data accuracy, process fidelity, cost reductions, and reliability for larger computer
programs (Webb & Humphrey). The weakness of team processes were high training costs (Webb & Humphrey), lack of
prototyping, early customer involvement, and overlapping iterations (MacCormack, Verganti, & lansiti, 2001).

Personalized Era

The personalized era of the new millennium continued to bring a series of profound structural changes to the
computer and software industry most notably characterized by the obsolescence of the cathode ray tube (Olenich, 2001). The
demand for laptop computers began to erode (Plott, 2001) in favor of wireless personal digital assistants (Williams, 2003).
Digital cameras continued to gain ground as a must-have killerapp (Scoblete, 2004), and computer technologies such as
microprocessors, memories, displays, wireless network interfaces, and integrated circuits continued to retreat in size
(Pinkerton, 2002). The U.S. budget deficit of the 1980s returned with a vengeance and itself contributed to the erosion of the
global economy (Pelagidis & Desli, 2004) and Enron didn’t help matters much by its financial ruin (Barlev & Haddad, 2004).
Michael Dell continued to be the darling of Wall Street, not so much for his personal computers or laptop computers, but his
vision to extend his product line into personal digital assistants (Kraemer, Dedrick, & Yamashiro, 2000). The elusive high
speed broadband internet service of the 1990s finally became the global standard and rumors of wireless broadband service
abounded (Farrell, 2004; Rubin, 2004). India finally became a threat to the U.S. computer programming industry as predicted
in the early 1990s (Yourdon, 1992) and the politics of outsourcing U.S. jobs to India and other places became a central issue
for the U.S. economy (Morrison-Paul & Siegel, 2001).

Agile methods. The first major software development method to emerge during the personalized era was agile
methods (MacCormack, Verganti, & lansiti, 2001). The purpose of agile methods was to improve customer satisfaction with
computer programs by creating flexibly malleable software designs, soliciting early market feedback about those designs, and
bringing improved computer programs to market as rapidly as possible (MacCormack, Verganti, & lansiti). Agile methods
consisted of implementing critical market needs first in the form of rapid prototypes, releasing those prototypes to customers
for evaluation, implementing the customer changes, conducting early system testing, and quickly releasing beta versions in
an overlapping and iterative fashion, while concurrently starting the next iteration in parallel (MacCormack, Verganti, &
lansiti). The strength of agile methods was its correlation between internet firms judged to have high quality websites and
computer programming practices designed to solicit early market feedback with rapid prototypes and beta releases, while
implementing overlapping development stages (MacCormack, Verganti, & lansiti). The weakness of agile methods was its
lack of project management and quality assurance practices (Humphrey, 1996), which could lead to a high number of defects
(Dugan, 2000) and security issues for internet products and services (Johnston, 2002; Davis, Humphrey, Redwine, Zibulski,

& McGraw, 2004; Ochs, Pfahl, Chrobok-Diening, & Nothhelfer-Kolb, 2001).
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Research Methodology
Study Parameters (e.g., population, sample size, and participants)

MacCormack, Verganti, and lansiti (2001) based their findings linking the use of flexible development processes or
agile methods to better performing projects (e.g., product quality) using a sample of 29 projects from 17 major producers of
internet products and services. This study will seek a similar sample size of 25 to 35 firms and 20 to 30 completed projects,
which produced internet products and services. MacCormack’s, Verganti’s, and lansiti’s study focused on high profile
internet firms such as Microsoft, Yahoo, Google, America Online, Amazon, and E-Bay. This study may focus on a single
large U.S. government agency or U.S. government contractors. Torkzadeh and Dhillon (2002) used a sample of 200 internet
users to validate their perceptions of website quality and this study may seek a similar sample size for these factors.
Instrumentation (e.g., questionnaires, forms, and data collection tools)

This study will use the theoretical models, survey instruments, and data collection, analysis, and validation
procedures from MacCormack (1998). This study may also augment MacCormack’s instrumentation with the 125 item
questionnaire from Torkzadeh’s and Dhillon’s (2002) model for validating website design quality. In the best case, this study
may seek to find correlations between MacCormack’s and Torkzadeh’s and Dhillon’s datasets, theories, and conclusions.
Instrumentation Reliability (e.g., testing, validation, refinement, and calibration)

This study will apply the procedures of weighted least squares and ordinary least squares that were used by
MacCormack (1998). This study will also apply the tests applied by Torkzadeh and Dillon (2002) to statistically analyze their
survey instruments, data, findings, and conclusions. This study will use factor analysis, domain-sampling, Cronbach’s alpha,
correlational matrices, Bartlett’s test of sphericity, Hotelling tests, Varimax methods of rotation, oblique rotation, and
discriminant validity (Torkzadeh & Dhillon). For validity, this study will analyze psychometric properties and use content
validity procedures (Torkzadeh & Dhillon).

Data Collection Procedures (e.g., collection, cleansing, validation, and statistical analysis)

This study will use traditional methods of data collection such as the use of the U.S. postal system to mail out
surveys, or it will use an online survey system. 20 to 30 organizations will be contacted in advance to ensure the maximum
participation in the survey of flexible development processes. The surveys will be distributed to them and collected at an
agreed upon deadline. The data will be analyzed for completeness and only valid survey responses will be used. If a
Torkzadeh’s and Dillon’s (2002) approach is used, 300 to 500 surveys will be sent out to users of the internet to validate
website quality. In the best case, this study will simply use MacCormack’s (1998) and Torkzadeh’s and Dhillon’s datasets.
Data Analysis Procedures (e.g., data interpretation, hypothesis testing, and data reporting)

This study will seek to correlate better performing projects (e.g. high quality products) to the use of flexible
development processes. Therefore, the first task is to identify high quality products. The data will be analyzed to identify only
high quality internet products and services and validate these results. Then, this study will seek to identify organizations that
use flexible development processes. This study will only use data from organizations that are confirmed users of agile

methods. Then this study will seek correlations between better performing projects and flexible development processes.
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