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ABSTRACT
A STRUCTURED SYSTEMIC FRAMEWORK FOR
SOFTWARE DEVELOPMENT
Kevin MacGregor Adams
Old Dominion University, 2007
Committee Director: Dr. Charles B. Keating
The purpose of this research was to develop and apply a systems-based

framework for the analysis of software development project performance. Software
development project performance is measured at the project level; that is, cost, schedule,
and product quality that affect the overall project. To date, most performance
improvement efforts have been focused on individual processes within the overall
software development system. Making improvements to sub-elements, processes, or sub-
systems without regard for the overall project is a classic misbehavior entered into by
practitioners who fail to use a holistic, systemic approach. Attempts to improve sub-
system behavior are at odds with The Principle of Sub-optimization. (van Gigch, 1974)
The traditional method of predicting software development project performance, in terms
of sub-system performance is too restrictive. >A new holistic, systemic view based on
systems principles offers a more robust way to look at performance.

This research addressed this gap in the systems and software body of knowledge
by developing a generalizable and transportable framework for software project
performance that is based on systems principles. A rigorous mixed-method research
methodology, employing both inductive and case study methods, was used to develop
and validate the framework. Two research questions were identified as integral to

increasing the understanding of a systems-based framework.
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v How does systems theory apply to the analysis of software development

project performance?

v" What results from the application of a systems-based analysis framework for

analyzing performance on a software development project?

Using Discoverers’ Induction (Whewell, 1858), a systems-based framework for
the analysis of software development project performance was constructed, adding to the
systems and software body of knowledge and substantiating a comprehensive and
unambiguous theoretical construct for software development. Then, the framework was
applied to two completed software development projects to support validation.

The structured systemic framework shows significant promise for contribution to
software practitioners by indicating future software development project performance.

~ The research also made a contribution in the area of research methodologies by
resurrecting William Whewell’s Discoverers’ Induction (1858) and furthering the use of
the case study method in the engineering management and systems engineering domain,

areas where their application has been very limited.
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GLOSSARY

Association for Computing Machinery.

The process of relating categories to their subcategories,

termed axial because coding occurs around the axis of a

category, linking categories at the level of properties and
dimensions (Strauss & Corbin, 1998, p. 123).

Ethics, the responsibility of a researcher for the consequences
of his/her research approach and its results (livari, Hirschheim,
and Klein, 1998, p. 175).

Baggage Handling System

The universal scientific standard for all research. The canons
include: (1) Significance or Truth Value, this canon addresses
the credibility of the research findings; (2) Applicability, this
canon addresses how transferable and applicable the findings
of the research are to other setting and contexts. This is often
referred to as generalizability; (3) Consistency, this canon
addresses the ability of the findings to be replicated by other
researchers. This is often referred to as replicability; and (4)
Neutrality, this canon addresses the finding of the research and
ensures that they are a direct result of the inquiry and not a
function of the prejudice and/or bias of other the researcher or
the particular research design (Lincoln & Guba, 1985, pp. 294-
301).

Concepts that stand for phenomena (Strauss & Corbin, 1998, p.
101).

Capability Maturity Model for Software. (SEI, 2002)

Capability Maturity Model Integration. (SEI, 2002)

Constructive Cost Model Version II. An objective cost model

for planning and executing software projects. (Boehm et al,
2000, p. xxvii.)

Tags or labels for assigning units of meaning to the descriptive
or inferential information compiled during a study. Codes
usually are attached to chunks of varying size — words, phrases,
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Coding

Coherence

Colligation

Concept

Consilience

Construct

Complementarity

Conception

Customer

DIA

xvii

sentences, or whole paragraphs, connected or unconnected to a
specific setting (Miles & Huberman, 1994, p. 56).

The part of analysis that involves how to differentiate and
combine the data retrieved and the reflections made about the
information (Miles & Huberman, 1994, p. 56).

Deals with the adequacy of a hypothesis. A hypothesis should
be sufficient to explain some view of the subject which is
consistent with all the observed facts (Whewell, 1858, p. 85).

The mental operation of bringing together a number of
empirical facts by superinducing upon them some idea or
conception that unites the facts and renders them capable of
being expressed by a general law (Snyder, 1997a, p. 585).

An abstraction formed by generalization from particulars
(Kerlinger & Lee, 2000, p. 40). The building blocks of theory
(Strauss & Corbin, 1998, p. 101).

A hypothesis’ ability to explain and predict cases of a different
kind from those which were contemplated in the initial
formation of the hypothesis (Ducasse, 1951b, pp. 229-230).

A concept; with the added meaning of having been deliberately
and consciously invented or adopted for a special scientific
purpose (Kerlinger & Lee, 2000, p. 40). Something that the
scientist puts together from his own imagination, something
that does not exist as an isolated, observable dimension of
behavior (Nunnally, 1967, p. 85).

The apparently incompatible sorts of information about the
behavior of the object under examination which we get by
different experimental arrangements can clearly not be brought
into connection with each other in the usual way, but may, as
equally essential for an exhaustive account of all experience, be
regarded as complementary to each other (Bohr, 1937, p. 291).

The special modification of ideas which are exemplified in
particular facts. Conceptions; as a circle, a square number, an
accelerating force, a neutral combination of elements, a genus

(Whewell, 1858, p. 31).

The company, organization, or person who is paying for the
software system to be developed (Pfleeger, 1998, p.14).

Denver International Airport
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Element

Epistemology

Explication of
Concepts

Face Validation

FBI

Framework

Induction

IEEE

IRB
IS
ISD

ISO/IEC

Measure

XVviii

The range along which general properties of a category vary,

giving specification to a category and variation to the theory
(Strauss & Corbin, 1998, p. 101).

The highest level of the research design. The distinction
between elements is made based on the methodological
differences (i.e. qualitative, quantitative, and reporting).

The nature of knowledge and the proper methods of inquiry
(livari, Hirschheim, and Klein, 1998, p. 174).

The clear development from Fundamental Ideas in the
discoverer’s mind, as well as their precise expression in the

form of Definitions or Axtioms when that can be done
(Whewell, 1858, p. 49).

The extent to which an instrument looks like it measures what
it is intended to measure. It concerns judgments about an
instrument affer it is constructed (Nunnally, 1967, p. 99).

Federal Bureau of Investigation

A type of model; a conceptual model that can be applied to
carry out some specific purpose, function or task.

The process of a true Colligation of Facts by means of an exact
and appropriate conception. An Induction is also employed to
denote the proposition which results from this process
(Whewell, 1858, p. 70) [Author’s Note: Although this is far
from being a univocal term, it accurately represents Whewell’s
view and its use throughout the dissertation.].

Institute of Electrical and Electronics Engineers.
Institutional Review Board.

Information Systems.

Information Systems Development.

International Organization for Standardization and
International Electro-technical Commission.

An observed score gathered through self-report, interview,
observation, or some other means (Edwards & Bagozzi, 2000,
p.156).
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Milestone

Model

NCTPO Pentagon

NVivo7

OQE

Ontology

Open Coding

Ordinal Scale

Performance

X1X

A point in time during the research, independent of tier
(element, phase or step), when a major product is produced or a
decision is made.

An interpretive description of a phenomenon (object or
process) that facilitates perceptual as well as intellectual access
to that phenomenon. ‘Description’ is intended as a term wide
enough to admit various forms of external representations,
propositional or non-propositional. A model is not, however, a
description in the trivial sense of a mere phenomenological
description of a phenomenon. It gives a description that is an
interpretation in that the description goes beyond what ‘meets
the eye’, e.g. by exploiting a theoretical background that is
relevant to interpreting the phenomenon (Bailer-Jones, 2003, p.
61).

Project characterization model that uses novelty, complexity,
technology, pace and organizational maturity as criteria.

A computer-assisted qualitative data analysis software package
used to help qualitative researchers with open, axial, and
selective coding. (Gibbs, 2002)

Objective Quality Evidence. Any statement of fact pertaining
to the quality of a product or service based on observations,
measurements, or tests which can be verified. Verifiable
evidence includes traceable records and other documents that
support assertions that deliberate steps were taken to comply or
perform against established requirements or criteria.
(NAVSEA, 2007)

The structure and properties of what is assumed to exist (livari,
Hirschheim, and Klein, 1998, p. 172).

The analytic process through which concepts are identified and
their properties and dimensions are discovered in data (Strauss
& Corbin, 1998, p. 101).

A scale in which (1) a set of objects is ordered from most to
least with respect to an attribute, (2) there is no indication of
how much in an absolute sense any of the objects possess the
attribute, and (3) there is no indication of how far apart the
objects are with respect to the attribute (Nunnally, 1967, p. 12).

The degree to which a software development project
accomplishes its cost, schedule and business goals during the
development of the software. [duthor’s Note that this definition
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Project Management
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Properties

PSP

PMBOK”

Reliability

Research Design

Satisficing

SEI

XX

does not include the performance of the software after
delivery.]

The 2™ level of the research design. The distinction between
phases is made based upon the major activities performed.

Central ideas in the data presented as concepts (Strauss &
Corbin, 1998, p. 101).

A hypothesis’ ability to foretell phenomena which have yet to
be observed; at least all phenomena of the same kind as those
which the hypothesis was invented to explain. The prediction
of results, even of the same kind as those which have been
observed, in new cases, is the proof of real success in the
inductive processes. It is important to note that prediction, as

used in this study, assumes no causal relationship (Whewell,
1858, pp. 86-87).

The structured set of technical and human entities that interact
both formally and informally within a specific context to
produce results. The products of interaction are patterns of
decision, action, and interpretation that drive project
performance (Keating & Varela, 2004).

Characteristics of a category, the delineation of which defines
and gives it meaning (Strauss & Corbin, 1998, p. 101).

Personal Software Process.

Project Management Body of Knowledge. (PMI, 2004)

The extant to which an experiment, test, or any measuring
procedure yields the same results on repeated trials (Carmines
& Zeller, 1979, p. 11).

The overall protocol for the research. This includes the
research purpose, as articulated in the research questions and
propositions. It also includes the detailed research plan and its
three tier structure of elements, phases, and steps.

The principle that states that there is a choice mechanism that
will lead to a path that will permit satisfaction at some
specified level of all needs (Simon, 1956, p. 136).

Software Engineering Institute
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XX1

Selective Coding The systematic technique for integrating and refining
categories. Categories are reviewed to identify the central
category that represents the main theme of the research. The
central category has analytic power because it can pull the
other categories together to form an explanatory whole.
(Strauss & Corbin, 1998, pp. 143-161).

Software

Engineering The application of a systematic, disciplined, quantifiable
approach to the development, operation, and maintenance of
software; that is, the application of engineering to software
(IEEE 610.12, 1990, p. 67).

Software Engineering

Management The application of management activities — planning,
coordinating, measuring, monitoring, controlling, and reporting
— to ensure that the development and maintenance of software
is systematic, disciplined, and quantified (Abran & Moore,
2004, p. 8-1).

SPI Software Process Improvement.
SPM Software Project Management.

Step The 3™ and lowest level of the research design. A step is a
specific and unique technique, procedure, or method taken in
conducting the research. A step supports a phase.

STS Sociotechnical Systems. These systems have both a technical
subsystem, made up of the facilities, tools, equipment and
knowledge necessary to execute processes in support of
product development, and a social subsystem, which is made
up of the people working on the processes.

Subcategories Concepts that pertain to a category, giving it further
clarification and specification (Strauss & Corbin, 1998, p. 101).

Sub-optimization The principle that states that if each subsystem, regarded
separately, is made to operate with maximum efficiency, the
system as a whole will not operate with utmost efficiency. (van
Gigch, 1974)

Superinduction Bringing new (superinducing) concepts to a phenomenon that
involve identifying what a set of facts share in order to
construct general principles, laws, or propositions about the
phenomena (Snyder, 1999, p. 542).
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Software Engineering Body of Knowledge. (Abran & Moore,
2004)

An assembly of elements related in an organized whole. An
element is the representation of some phenomena of the natural
or social world by a noun or by a noun phrase that informed
observers agree exists, or could exist. An element must
normally be capable of behavior such that it has some
significant attributes that may change. Relationships exist
between elements if the behavior of either influences or
controls the other (Flood & Carson, 1993, p.7).

Using the product of systems thinking to initiate and guide
actions we take in the world Systems Practice (Checkland,
1993, p. 4).

Systems knowledge, in the scientific hierarchy that includes
laws, principles, theorems, hypotheses, and axioms.

Any effort to employ a systemic outlook in doing basic or
applied science according to the conventional ideas of non-
reflective positivistic empirical-analytical rationality [objective
data, testable hypotheses, valid modeling and so on.] (Flood,
1990, p. 217).

There exist models, principles, and laws that apply to
generalized systems or their subclasses, irrespective of their
particular kind, the nature of their component elements, and the
forces between them. A consequence of the existence of
general system properties is the appearance of structural
similarities or isomorphisms in different fields. There are
correspondences in the principles that govern the behavior of
entities that are, intrinsically, widely different. This
correspondence is due to the fact that the entities concerned can
be considered, in certain respects, as systems, i.e., complexes
of elements standing in interaction (von Bertalanftfy, 1968, pp.
32-33).

Conscious use of the particular concept of wholeness captured
in the word systems, to order our thoughts (Checkland, 1993, p.
4).

The point in category development at which no new properties,
dimensions, or relationships emerge during analysis (Strauss &
Corbin, 1998, p. 143).
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TSP

User

Validity

VCF

VSM

xxiii

A set of well-developed concepts related through statements of
relationship, which together constitute an integrated framework
that can be used to explain or predict phenomena (Strauss &
Corbin, 1998, p. 15).

Middle range theories are solutions to problems that contain a
limited number of assumptions and considerable accuracy and
detail in the problem specification. The scope of the problem
is also of manageable size. To look for theories of the middle
range is to prefigure problems in such a way that a number of
opportunities to discover solutions are increased without
becoming infinite (Weick, 1989, p. 521).

Team Software Process.

The person or people who will actually use the system: the
ones who sit at the terminal or submit the data or read the
output (Pfleeger, 1998, p. 14).

The extent to which any measuring instrument measures what
it is intended to measure (Carmines & Zeller, 1979, p. 17).

Virtual Case File

Viable Systems Model.
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PREFACE

The genesis for this work was two-fold: my professional involvement in the
analysis, design, development and implementation of complex software systems and my
exposure to the emancipating concepts and principles of systems science in my doctoral
studies.

As a classically trained engineer with degrees from the engineering schools at
Rutgers and MIT, I had been taught in the reductionist mold; to approach problems by
breaking them into bite sized chunks, solving the problem, and returning them to the
larger system. This was reinforced during twenty years of highly successful practical,
hands-on experience as a Navy submarine officer responsible for the operation,
maintenance, and supervision of nuclear submarines. I applied the same methods when,
late in my Navy career, [ was assigned to an organization responsible for the design and
development of complex software systems for the Department of Defense. This endeavor
did not respond well to the traditional reductionist approach to engineering that had been
so successful in my earlier career. The software development project literature was rife
with improvement models and methodologies, none of which could provide the sought
after Silver Bullet (Brooks, 1987) promised in the marketing hype. After retirement from
the Navy my work with complex software systems continued, and much to my dismay,
the commercial contractors had the same problems (although paid more money)
delivering software development projects of requisite quality, on-time and within budget.

My exposure to the modern works associated with systems science was a
revelation. The conscious use of the concept of wholeness captured in the word system

was an antithetical approach to my classical training and experience as an engineer. The
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words holism and systemic, so frequently used by systems practitioners, are founded on
the basic understanding of wholeness. I methodically absorbed the early classical works
in systems science by Smuts (1926), Ashby (1947, 1956), Boulding (1956), Churchman
(1968), Emery (1969), von Bertalanffy (1969), Ackoff (1971, 1974, 1979a, 1979b) and
Beer (1979, 1981, 1984). These systems-based approaches to real-world problems
included the rich contextual environment that surrounded the systems they were
investigating. I moved on to the modern works in systems science by van Gigch (1974),
Jackson (1991), Checkland (1993), Flood & Carson (1993) and Gharajedaghi (1999).
Based on these readings I found the beginnings of an entirely new worldview based on
systems science. My new, holistically based worldview encompassed how systems
principles (the scientific hierarchy that includes laws, principles, theorems, hypotheses,
and axioms) support systems theory, which in turn promotes systems thinking, which can
be used in systems practice to improve effectiveness in management and systems
problem solving.

This was the genesis for the application of systems principles to the problems now
facing the software engineering community. But why hasn’t this been done before?
There are plenty of smart software engineers that must understand the linkage between
systems science and software development project performance. I think not, but why
not?

Thomas Kuhn (1922-1996) states (1996):

A scientific community consists, on this view, of the practitioners of a

scientific specialty. To an extent unparalleled in most fields, they have

undergone similar educations and professional initiations; in the process

they have absorbed the same technical literature and drawn many of the
same lessons from it. (p. 177)
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Wernick & Hall (2004) examined the underlying belief system controlling the mindset of
software engineering and found that:
Software engineering theory, viz. the development of methods, and tools to

support the development of software, is currently in a state analogous to a
Kuhnian pre-paradigm discipline. (p. 241)

With software engineering stuck in a pre-paradigm mode, a shift is required. The use of a
Kuhnian approach may provide the mechanism through which the software engineering
community may embrace systems-based thought as part of their shared belief system or
disciplinary matrix. Wernick & Hall (2004) propose a long-term vision of a discipline
they call software-based systems engineering. This is my new worldview. The
application of systems science to help create a new paradigm in software engineering,

one that will permit software engineering to use mechanisms and principles that will
enable the discipline to produce software with predictable results and high levels of
confidence. The research to develop and apply a systems-based framework for the
analysis of software development project performance is but a step in developing the new

paradigm for software engineering.
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CHAPTER I - INTRODUCTION

The rapid and unprecedented growth in software has brought with it some of the
most spectacular and costly project failures in modern history. Various studies have
shown the extent of these failures. The Standish Group’s Bi-Annual Chaos Research
Study (2003) estimated that in 2002 American companies and government agencies will
have spent $38 billion for cancelled software projects and that these same organizations
will have paid an additional $17 billion for software projects that will be completed, but
will exceed their original time estimates by an average of 82%. An earlier empirical
study of 72 information systems development projects in 23 major U.S. firms, reported an
average effort overrun of 36% and an average schedule overrun of 22% (Genuchten,
1991). The crisis has not limited itself to large diversiﬁed corporations and government
agencies but affects systems from baggage handling to satellite navigation (Gibbs, 1994).
In the past 15 years alone, software defects have wrecked a European satellite launch,
delayed the opening of the hugely expensive Denver airport for a year, destroyed a
NASA Mars mission, killed four Marines in a helicopter crash, induced a U. S. Navy ship
to destroy an airliner, and shut down ambulance systems in London, contributing to as
many as 30 deaths (Mann, 2002).

Why do software development projects have such a poor record of completion?
Why do some projects succeed where others fail? Software development projects use a
wide-range of formal software engineering methods and techniques to deliver software
products to their customers. The record of accomplishment over the last 40 years has
been less than stellar and the subject of countless studies, commissions, methods and

panaceas for improvement. The improvement efforts have used traditional, reductionist
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engineering analysis to dissect problems into small, bite-sized elements which are
carefully analyzed, improved and returned to the larger effort as part of a generalized
improvement process. The elemental approach provides focused improvement in the area
of study but contributes little to the larger software development project improvement
process. Few improvement efforts have taken a systemic, holistic view of the problem.

This chapter provides an introduction to the research by presenting the purpose of
the study and the research questions with an explanation of the intent of each question.
The chapter is concluded with a discussion of the significance of the research and the

study limitations and delimitations.
PURPOSE OF THE STUDY

The purpose of this research was to develop and apply a systems-based
framework for the analysis of software development project performance. Software
development project improvement is continually strived for at the project level; that is,
improvements in cost, schedule, and product quality that affect the overall project. To
date, most improvement efforts have been focused on individual processes within the
overall software development project management system. The project management
system is defined as . . . the structured set of technical and human entities that interact
both formally and informally within a specific context to produce results. The products
of interaction are patterns of decision, action, and interpretation that drive project
performance.” (Keating & Varela, 2004, p. 2) Making improvements to project sub-
elements, processes, or sub-systems without regard for the overall project management
system is a classic misbehavior entered into by practitioners who fail to use a holistic,

systemic approach when managing a project. A project is a system, made up of
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subsystems. Attempts to optimize sub-system behavior are at odds with The Principle of
Sub-optimizétion which states that if each subsystem, regarded separately, is made to
operate with maximum efficiency, the system as a whole will not necessarily operate with
utmost efficiency (van Gigch, 1974).

The traditional method of predicting software development project performance,
in terms of sub-system performance may be too restrictive. A new holistic, systemic
view may reveal a better way to look at project performance. The present research
included an inductive theory building component where a systems-based framework was
constructed for software development. The framework was used for analysis of software
development projects. Applicability to completed software development projects was
considered to support validation of the structured systems-based framework produced by
the research effort. Projects that meet business objectives, are completed on-time and
within budget constitute the generally accepted standard definition of project success
(Pinto & Slevin, 1988; Jones, 1995; Baccarini, 1999; Linberg, 1999; Jiang, Klein &
Discenza, 2002a) Therefore, consistent with this preponderance of literature,
performance, as used in this research, has been defined as the degree to which a software
development project accomplishes its cost, schedule and business goals during the
development of the software (note that this definition does not include the performance of
the software after delivery).

The overall structure for the inquiry is presented in Figure 1. The research
purpose was supported by two research objectives and two research questions which are

detailed in the following sections.
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Research Purpose

Develop and apply a systems-based framework for the
analysis of software development project performance

Objectives

Deploy the generalizable and
transportable analysis framework,
applying it to completed software

Inductively develop a literature based,
systemic framework to analyze software
development project performance

development projects
Research

Questions
How does systems theory apply to What results from the application of a
the analysis of software systems-based analysis framework for
development project analyzing performance on a sofiware

performance? development project?
Figure 1: Structure for the Inquiry
RESEARCH OBJECTIVES

Supporting the purpose of the research were two focused objectives. The first
objective was to:

Inductively develop a literature based, systemic framework to analyze

software development project performance.
The framework was developed using a literature-intensive research effort where the
existing literature on the object of the study served as the input to the inductive method.
Using relevant scholarly literature was important for establishing validity in the research
and confidence in the findings (Patton and Appelbaum, 2003).

The second objective was to:
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Deploy the generalizable and transportable analysis framework,

applying it to completed software development projects.
In order to support validation of the framework, it was deployed on two completed, real-
world software development projects. The framework’s ability to predict software
development project performance was the focus of the validation. Two completed
software development projects were used because “. . . multiple-case designs allow for
cross-case analysis and the extension of theory.” (Benbasat, Goldstein & Mead, 1987, p.
373)

Each objective was supported by a single, focused research question which guided

that element of the research.
RESEARCH QUESTIONS

The application of a structured systemic framework for software development
may provide insight into the failure to achieve overall software development project
(system) improvement despite improvements to individual software development
processes (sub-systems). To address the purpose of the study, the research was designed
with two elements. The first element was to build upon the existing foundation of
systems theory by focusing on answering the following research question:

How does systems theory apply to the analysis of software development

project performance?

The research used an inductive method to develop a theoretical framework for software
development. The framework was literature-based and developed using an inductive
method called Discoverers’ Induction (Snyder, 1997a). The framework was a conceptual

model that could be applied to software development projects to enhance project
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performance. The framework was not a detailed step-by-step methodology, but a model
that could serve as an outline for the articulation of software development project
processes using systems theory. The overall goal was to produce a generalizable and
transportable framework for the analysis and evaluation of software deVelopment projects
by articulating systems theory within the software engineering body of knowledge. The
strength of the framework was established from grounding in the theoretical constructs
derived from the systems theory body of knowledge.

The goal of the second element of the research was to validate the inductively
developed holistic, structured, systemic framework for software development projects on
actual real-world software projects by answering the following question:

What results from the application of a systems-based analysis

framework for analyzing performance on a software development

project?

Because the validation used real-world software development projects, a case study
method was selected. The scientific basis for case study generalization was differentiated
from the more familiar experimental generalization where data is generalized to larger
samples or populations. The case study approach used a method of generalization called
analytic generalization in which “. . . the investigator is striving to generalize a particular
set of results to some broader theory.” (Yin, 2003, p. 37) Analytic generalization
involved generalizing to a theory or in this case a framework—not to a population—and
was based on validating theory-driven or framework-driven predictions with evidence
collected in a variety of real-world settings in the case studies. Analytic generalization

can reveal contextual conditions under which the framework-based predictions would be
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considered to apply and served to increase confidence in the theory as instantiated in the
framework. For the research the inductively developed systems-based framework for the
analysis of software development project performance was used as a template for
comparing the empirical results (i.e. data) of both case studies to the inductively
developed theoretical framework. This element of the research was centered on analysis
of the empirical data from the case studies and comparison with the descriptive theory

presented in the framework.
THEORETICAL FOUNDATION FOR THE RESEARCH

Systems Science is the theoretical foundation for the research. The formal
definitions associated with systems science are essential in understanding the relationship
between systems theory, systems principles, systems thinking, and systems practice; and
in this case, their relationship to software engineering and software engineering
management.

Software Engineering: The application of a systematic, disciplined,
quantifiable approach to the development, operation, and maintenance of
software; that is, the application of engineering to software. (IEEE
610.12, 1990, p. 67)

Software Engineering Management: The application of management
activities — planning, coordinating, measuring, monitoring, controlling,
and reporting — to ensure that the development and maintenance of
software is systematic, disciplined, and quantified. (Abran & Moore, 2004,
p. 8-1)

Systems Theory: There exist models, principles, and laws that apply to
generalized systems or their subclasses, irrespective of their particular
kind, the nature of their component elements, and the forces between them.
A consequence of the existence of general system properties is the
appearance of structural similarities or isomorphisms in different fields.
There are correspondences in the principles that govern the behavior of
entities that are, intrinsically, widely different. This correspondence is
due to the fact that the entities concerned can be considered, in certain
respects, as systems, i.e., complexes of elements standing in interaction.
(von Bertalanffy, 1968, pp. 32-33)
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Systems Principles: Systems knowledge, in the scientific hierarchy that
includes laws, principles, theorems, hypotheses, and axioms. (see
Skyttner, 2001, pp. 88-101; Clemson, 1991, pp. 199-257)

Systems Thinking: Conscious use of the particular concept of wholeness
captured in the word systems, to order our thoughts. (Checkland, 1993, p.
4)

Systems Practice: Using the product of systems thinking to initiate and
guide actions we take in the world. (Checkland, 1993, p. 4)

The preceding definitions are essential elements in understanding the relationship
between systems science and software engineering. It is important to note that systems
principles (i.e., the scientific hierarchy that includes laws, principles, theorems,
hypotheses, and axioms associated with systems) are the foundation for all systems
endeavors. These principles (see Skyttner, 2001, pp. 88-101 and Clemson, 1991, pp.
199-257) form the body of theory related to systems. Boulding (1956) categorizes them
as:

“. .. a body of systematic theoretical constructs which will discuss the
general relationships of the empirical world. (p. 197)

The model in Figure 2 shows how systems principles are the foundation for systems
theory, which in turn promotes systems thinking, which can be used in systems practice
to improve effectiveness in software engineering and software development project
management.

The model in Figure 2 served to guide the research. The model’s
importance is derived from its’ ability to relate systems principles to the goal of
the research; development and application of a systems-based framework for the
analysis of software development project performance. Additional value was
derived from the model’s ability to depict the generalizability of the research goal

to both software project management and the larger field of software engineering.
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Systems Systems
Principles Thinking

Systems Laws

Systems Principles

Systems Theorems

Systems Hypotheses which promotes
Systems Axioms

when used in which promotes

are the foundation

when formalized
for

Jeads to

which promotes
Systems Systems
Theory Practice
which help to
explain structure

and behavior in

Software
Engineering
Management

Software
Engineering

Goal: To Improve
Software Development
Project Performance

Figure 2: Systems Science and Software Engineering Project Management
RESEARCH SIGNIFICANCE

As will be further elaborated in the next chapter, the literature has established that
a major gap in the recent research on software project management exists in the treatment
of software development projects as an organized or complex whole; a system. The
software engineering community has been unable to coherently integrate their knowledge
of the individual software development and management processes (sub-systems) in
order to better understand the overall socio-technical system in which each of the
development and management processes exists.

This research makes four significant contributions to systems and software
engineering and one to the body of knowledge on qualitative research. First, it has added

to the existing body of knowledge in systems theory, systems-based methods, and
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software engineering by developing an extensible framework, grounded in systems
principles, for evaluating and assessing software development projects. Secondly, it has
expanded the domain of systems methodologies by providing a systems-based framework
for the assessment and evaluation of complex software engineering development projects
as part of the overall software development performance improvement process. Third,
the research has made a significant contribution to software project management
practitioners who, as part of their discipline, now have a generalizable and transportable
framework that can act as a systems lens for use in assessing and evaluating software
development project performance. Fourth, this research has provided areas for future
research that include the conduct of additional case studies and/or expanded use of the
framework. Finally, this research has contributed to the body of knowledge on
qualitative research through an elaboration of Whewell’s (1858) Method of Discoverers’
Induction. Whewell’s method has been augmented with modern techniques for
decomposing and classifying facts and constructing the conception while remaining loyal

to his concept of induction and the colligation of facts by means of a conception.
STUDY LIMITATIONS

This section addressed three research limitations required to ensure the study
maintained the proper research focus and accomplished the research purpose. The
limitations to the research were: (1) the use of a qualitative element where a subjective
approach and inductive methodology were used to build the framework, (2) the use of a
quantitative element where an objective approach and case study methodology were used

to validate the utility of the framework on real-world software development projects, and
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(3) the ability to generalize from a case study. All three limitations will be explored in
detail below.

Thé common challenges to the inductive method are registered by those who
adhere to hypothetico-deduétive positions. As discussed in the section Challenges to the
Inductive Method in Chapter 3 on Research Methodology, induction is a rational method
of discovery. Whewell (Snyder, 1994) addresses the hypothetico side of the argument by
stating that knowledge is antithetical and consists of inseparable ideal and empirical
elements. He goes on to state that there is no permanent line to be drawn between theory
(the ideal element) and fact (the empirical element) and states that a true theory is itself a
fact, and can be used to form theories of even greater generality. Sutherland (1973) notes
that Reichenbach addresses the deductive side of the argument by declaring that
inductively predicated allegories express probabilistic behavior, such that an allegory
may predict a phenomenon’s behavior under the assumption that it will behave according
to certain empirically-generated generalizations with some significant probability.

As discussed in the section Challenges to Using the Case Study Method in
Chapter 3 on Research Methodology, there are those who significantly and substantively
challenge the validity of the case study method. More specifically, the case study method
has been considered to be a weak sibling as a research methodology based upon claims
that the method does not have sufficient precision (i.e., quantification), objectivity, or
rigor. In order to mitigate such criticism, a positivist case study design (Yin, 2003) has
been selected. The use of a positivist case study design permits the researcher to: (1)
study software development projects within their real-world context, and (2) invoke the

objectivist framework’s natural science model. The natural science model invokes
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construct validity, internal validity, external validity and reliability as the key measures of
design quality. These measures add significant relevance to this element of the research
(Lee, 1989a, 1989b).

In summary, the mixed method research design was purposively selected in direct
response to the research questions in Figure 1. Because no single method could
adequately address each of the questions a mixture of a qualitative (subjective) and
quantitative (objective) approaches was determined to best meet the goals of the research.
The mixed method approach provided the research with significant strengths and
limitations associated with the ontological assumptions and epistemological stances
associated with each method. The limitations associated with each method were

identified and accounted for in the research methodology and detailed design.
STUDY DELIMITATIONS

This section discusses two delimitations of the research. Delimitations are those
ways in which the effort was constrained or narrowed to limit the overall scope of this
specific research.

This research did not consider each of the detailed software development
processes required to deliver a software product, but the superset of these processes
where holistic, systems-based principles may be applied as part of an overall framework
for improvement. As such, the focus of the research was not on how to develop software
artifacts or recommendations for improvement or transformation of an individual
development process or sub-system, but on the overall development process or system for

developing software.
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The research did not include completed software development projects from all
applicable domains. In order to fully describe the large field of diverse software
development projects the selection criteria included categories that were mutually-
exclusive, exhaustive, and comparable (Gerring, 2001). The selection criteria were: (1)
project type in which the software development project is delivering software to a
commercial company, a government entity or a consortium of the two, and (2) project
duration in which case the software development project had a specific duration, from
start to finish, to complete delivery of the software. The research included projects in

only two of the domain areas.
SUMMARY

This chapter hés described how the study developed and applied a systems-based
Jframework for the analysis of software development project performance. It has shown
how the detailed research questions and higher level objectives support the purpose and
fit within the structure of the overall inquiry in Figure 1. It has presented systems science
as the theoretical foundation for the research and shown how systems principles, systems
theory, systems thinking, and systems practice relate to both software project
management and the larger field of software engineering. The chapter highlights the
significance of five areas of the research to both the body of knowledge and the practice
of software and systems engineering. It has provided bounds for the study and a
discussion of limitations as well as delimitations.

By introducing the research purpose, objectives, and questions the chapter
provides a smooth transition to the following chapter. The next chapter will frame the

research setting within the literature and address how the research relates systems
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principles and software development project management to software development
project performance. Significant import will be given to the schema for the literature
review, the breadth of the study, and exposure of gaps in the literature; highlighting the

need for additional empirical research related to the structure of the inquiry.
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CHAPTERII - LITERATURE REVIEW

The intent of this chapter is to establish the setting for the research; to frame it
appropriately within the literature and address how the research relates systems principles
to software systems development. The chapter presents the rationale and approach
underlying the review and includes the search schema and breadth of the literature
review. A detailed critique of the literature in each of the four focus areas was conducted
and a concise report of the findings and themes present in the literature is presented. The
final section summarizes the gaps in the research and the need for additional empirical
research related to the research purpose and primary research questions that support the
research design. The synthesized literature review serves as the database of empirical

facts used in the inductive element of the research.
RATIONALE AND APPROACH UNDERLYING THE REVIEW

The focus of the literature review was to reduce the volume of information
presented in the scholarly journals to that which was relevant and necessary for the
research. The schema and breadth of the literature review ensured that the researcher was
exposed to an appropriate range of ideas, concepts and theories. The literature review has
additional meaning when the research includes induction and theory development. Lewis
and Grimes (1999) state that:

Reviewing relevant literature enhances traditional induction by helping

theorist’s link emerging theory to extant work recognizing the influence of
their own theoretical inclinations. (p. 678).

However, this was only one side of the initial boundary for the literature review. The
other side of the boundary was the researcher’s conceptual lens or worldview. This was

the side that acted as a filter affecting the importance placed on the observations made by
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the researcher and the decision to include or exclude individual journal articles and
published manuscripts in the literature review.

The researcher was tasked with ensuring that the underlying assumptions and
boundaries of the literature review were made explicit. This had added significance
because the outputs of this early stage of the research were the factual information used
in the induction in the first element of the research. The schema for and the scholarly
journals included in the literature review were explicitly stated. However, the rationale
used to discriminate journal articles and published manuscripts for the induction was
problematic and required explicit guidelines that addressed inclusion and exclusion.

Because an inductive method was used, in this case William Whewell’s
Discoverers’ Induction (1858), a great deal of importance was placed on how Whewell
viewed and treated the facts in an induction. Whewell’s epistemology required that
certain ideal conceptions, as well as facts, are necessary materials of knowledge (L.J.
Snyder, personal communication, May 8, 2006). Whewell stated that ideas or
conceptions are crucial in the discovery of empirical laws and addressed them as follows
(Snyder, 2006):

1. Conceptions are involved in the very process of perception; Whewell
claimed that all perception is conception laden.

2. Conceptions are necessary to form theories from facts in the process of
colligation. The appropriate conception must be superinduced upon,
or applied to, the facts in order to bring the facts together under a
general law.

3. Some conceptual framework is necessary in order to serve as a guide
in the collection of empirical data. That is, we cannot and do not
collect facts blindly, without some theory or conception guiding our
choices for what to include and exclude from the collection of data.
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The third point was of major significance. Whewell was stating that the idea or
conception, in this case how does systems theory apply to the analysis of software
development project performance, serves as a guide when considering what facts (i.e.
journal articles and published manuscripts) to include or exclude in the induction.

The explicit rationale for inclusion and exclusion of journal articles and published
manuscripts in the synthesized literature review must ensure that the results include «. . .
facts that are both theory-laden and value-laden.” (Guba & Lincoln, 1994, p. 105) The
following guidelines were invoked as explicit guidance:

1. The researcher rigorously reviewed the scholarly journals in Table 1 searching
for articles on: (a) systems principles, (b) systemic improvement frameworks
for software development, (c) the application of systems principles to software
development, and (d) software development project performance.

2. Journal articles from topical areas (a) through (d) were evaluated against the
conception how does systems theory apply to the analysis of software
development project performance.

3. The researcher used his academic knowledge and training in systems and
software engineering to ensure that journal articles and published manuscripts
are of high-quality and contain sufficient empirical rigor to warrant selection
and inclusion in the synthesized literature review. It is important to note that
for inductive research the researcher is the instrument of the study.

Finally, prior to the start of the actual induction, an expert review was conducted

to verify that the information synthesized in the literature review was sufficient and

appropriate. The use of an expert, outside of the researcher, was intended to decrease
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research risk by ensuring that the information selected by the researcher was sufficient to

provide a firm foundation for the induction.
LITERATURE SEARCH SCHEMA

The multi-disciplinary nature of software development project management
required the inclusion of a variety of scholarly literature from the management,
information systems, software, and systems fields of study. The literature search within
these was focused on four areas: (1) systems principles, (2) systemic improvement
frameworks for software development, (3) application of systems principles to software
development, and (4) software development project performance.

Figure 3 depicts the schema for the literature review and how the wide body of
knowledge was narrowed to support the development of a generalizable assessment

framework for software systems development.
BREADTH OF REVIEW

The literature search included appropriate scholarly journals in the fields
associated with the research purpose and primary research questions. A clear distinction
was made between published literature that was founded on empirical research and that
which was published with no empirical basis, with the latter excluded from the review.
As stated, the sources included in the schema were from a wide variety of disciplines and

include the scholarly journals listed in Table 1.
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Information
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Project
Performance
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1. Breadth
2. Synthesis
3. Critique

Framework
Development

Figure 3: Schema for Literature Review

The scholarly journals selected for the literature review were included to describe
the theoretical perspectives and previous research findings related to the research
purpose. Table 1 includes the primary scholarly journals in management, software,
information systems, and systems. Journal articles related to the research purpose were
classified within four areas: (1) systems principles, (2) systemic improvement
frameworks for software development, (3) application of systems principles to software
development, and (4) software development project performance. A scholarly review

and a concise report of the findings and themes present in the literature was conducted.
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The synthesis of the literature in each of the four primary threads of the research purpose

is presented in the following sections.

Discipline Journal Title ISSN Article Retrieval Source
Dissertations | Doctoral Dissertations N/A Digital Dissertations
International Journal of Project 0263-7863 | Science Direct
Management | Management
Journal of Operations 0272-6963 | Science Direct
Management | Management
Management | Engineering Management Journal 1042-9247 | ABI/INFORM Global (Proquest)
Management | Project Management Journal 8756-9728 | ABI/INFORM Global (Proquest)
European Journal of Operational 0377-2217 | Science Direct
Management | Research
Management | European Management Journal 0263-2373 | Science Direct
International Journal of
Operations & Production 0144-3577 | ABI/INFORM Global (Proquest)
Management | Management
Management | Journal of General Management 0306-3070 | Business Source Premier (EBSCO)
Management | Harvard Business Review 0017-8012 | Business Source Premier (EBSCO)
Management | Management Science 0025-1909 | Business Source Premier (EBSCO)
Software Communications of the ACM 0001-0782 | ACM Digital Library
Software Journal of the ACM 0004-5411 | ACM Digital Library
Software IEEE Computer 0018-9162 | IEEE Digital Library
IEEE Transactions on Software : .. .
Software Engineering 0098-5589 | IEEE Digital Library
Software IEEE Software 0740-7459 | IEEE Digital Library
Ing"crl‘enr‘:ct:’n Decision Sciences 0011-7315 | ABI/INFORM Global (Proquest)
Infor'matlon Decision Support Systems 0167-9236 | Science Direct
Science
I”gocri‘;fct:’“ MIS Quarterly 0276-7783 | Business Source Premier (EBSCO)
IntS'or.matlon Information and Management 0378-7206 | Science Direct
cience
Information | Journal of Management 0742-1222 | Business Source Premier (EBSCO)
Science Information Systems
Inis’c::?:naszon Information Systems Research 1047-7047 | Business Source Premier (EBSCO)
European Journal of Information
Information | Systems (old Journal of Applied 0960-085X | ABI/INFORM Global (Proquest)
Science Systems Analysis 1969-1991)
Journal of the Operational
Systems Research Society 0160-5682 | JSTOR
Systems Journal of Systems and Software 0164-1212 | Science Direct
Kybernetes: The International
Systems Journal of Systems & Cybernetics 0368-492X | Emerald Fulltext
Systems Research and Behavioral | 4, 7076 | ABI/INFORM Global (Proquest)
Systems Science
Systemic Practice and Action 1094-420X | ABVINFORM Global (Proquest)
Systems Research
Systems Crosstalk 0000-0000 | www.stsc.af.mil/crosstalk

Table 1: Scholarly Journals in Literature Review
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SYNTHESIS OF THE LITERATURE ON SYSTEMS PRINCIPLES

Systems principles was the first thread in the literature review. Figure 4 is

provided to orient the reader during the extensive literature review.

\ Purpose /
Systems l SW Dievelopmeng

Project
Princi
rinciples Performance

Application of Systems
Principles & SW
Developrant
Sysremic Improvement
Frameworks for
S Development

Literature Review /
1. Breadth
2, Synthesis
3. Critigue

Figure 4: Systems Principles

The history surrounding the development of systems science was addressed by
Beishon (1976), Flood and Carson (1993), and Hammond (2002, 2003). Flood and
Carson used a schematic to show how the many facets of systems science were developed
in a figure that they modified from original work done by Bieshon (1993). An
abbreviated version of this work is depicted in Figure 5 and shows how systems
approaches have evolved into distinct areas and acts as an essential first step when
attempting to understand and use systems-based principles.

Figure 5 shows that one of the two major influences related to systems approaches
is general systems theory. Bertalanffy (1968) identifies the idea behind general systems
theory as:

The structural similarity of [such] models and their isomorphism in

different fields became apparent; and just those problems of order,

organization, wholeness, teleology, etc., appeared central which were

programmatically excluded in mechanistic science. This, then, was the
idea of ‘general system theory’. (p. 13)
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Figure 5: Systems Approaches

Modified from Flood, R. & Carson, E. (1993). Dealing with Complexity: An Introduction to
the Theory and Application of Systems Science (2nd ed.). New York: Plenum Press, p. 7.

Bertalanfty, a biologist along with Anatol Rapoport, a bio-mathematician; Ralph Gerard,
a physiologist; and Kenneth Boulding, an economist formed the Society for General
Systems Research in 1954 to . . . further the development of theoretical systems which

are applicable to more than one of the traditional departments of knowledge.”

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

(Bertalanffy, 1968, p. 15) Bertalanffy’s unchanging vision was that . . . there would
arise as a result of work in different fields a high-level meta-theory of systems,
mathematically expressed.” (Checkland, 1993, p. 93) However, this has not been the
case. Because general systems theory is, by design, very general, it has suffered from a
lack of content and not achieved the status predicted by its major proponent, Bertalanffy.
Progress in the systems movement has come from those who have used systems ideas to
solve problems; this is applied systems science.

Six of the systems approaches in Figure 5 contain methods and techniques that
have been applied to software development on real-world projects. The approaches
include the branches on: (1) Applied Systems Studies, (2) Operations Research and
Management Science, (3) Systems Analysis, (4) Systems Engineering, (5) System
Dynamics, and (6) Organizational Cybernetics.

Applied Systems Studies

One of the major figures in applied systems science is Peter Checkland.
Checkland (1993) states that when we think about systems we must . . . make conscious
use of the particular concept of wholeness captured in the word system as a means to
order our thoughts.” (p. 4) This type of thinking, focused on the world outside of the self
by means of the concept of a system, is where the journey toward what Checkland calls
systems thinking begins.

Systems Thinking:

Understanding the concept of wholeness captured so elegantly in the word system
is the first and most essential step in applying systems principles. The words holism and
systemic, so frequently used by systems practitioners, are founded on this basic

understanding. In order to apply the full range of systems principles a holistic language,
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a language of systems, interaction, and design exists to help understand and frame the
wide variety of problems that surround systems as a matter of course. Gharajedaghi
(1999) elegantly states:

The systems language, by necessity, will have two dimensions. The first

will be a framework for understanding the beast, the behavioral

characteristics of multi-minded systems. The second will be an

operational systems methodology, which goes beyond simply declaring the

desirability of the systems approach and provides a practical way to
define problems and design solutions. (p. 26).

Systems Thinking is promoted by Systems Theory which is founded on Systems
Principles. The characteristics of multi-minded systems are explained in systems
principles, which are a scientific hierarchy of laws, principles, theorems, hypotheses and
axioms associated with systems. A large number of the systems principles reported by
Skyttner (2001) and Clemson (1991) could be applied to this research. However, only a
few have direct applicability to the research question regarding the application of systems
theory to software development project performance. The rationale for the inclusion of
individual systems principles has been addressed during the synthesis discussion of the
branch of systems approaches (i.e. Applied Systems Science, Operations Research and
Management Science, Systems Analysis, Organizational Cybernetics) in which each
principle is most widely applied.

There is one paper in the literature review that addressed the application of
systems science in software development. West (2004) proposed the use of systems
thinking when addressing software development process improvement. He stated that
people (social systems), tools and technology (environmental systems), and policies and
processes (process systems) on a software development project are an integrated system

of systems and must be treated using a systemic approach.
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Principle of Holism:

The modern protagonist for system holism was Jan Christian Smuts [1870-1950].
Smuts (1926) made the following basic observation about holism:

Both matter and life consist of unit structures whose ordered grouping

produces natural wholes which we call bodies or organisms. This

character of wholeness meets us everywhere and points to something

fundamental in the universe. Holism (from 6Aoc = whole) is the term here

coined for this fundamental factor operative towards the creation of

wholes in the universe. Its character is both general and specific or

concrete, and it satisfies our double requirements for a natural

evolutionary starting-point. (p. 86)

Smuts believed that wholes and wholeness should not be confined to the
biological domain but are extendable to both inorganic substances and the highest
manifestations of the human spirit. His treatise was concerned with the relationship
between holism and evolution but there are other valuable concepts proposed in his work.
Perhaps his most clearly stated concept applicable to systems is as follows (Smuts, 1926):

1t is very important to recognize that the whole is not something additional

to the parts: it is the parts in a definite structural arrangement with

mutual activities that constitute the whole. The structure and the activities

differ in character according to the stage of development of the whole; but

the whole is just this specific structure of parts with their appropriate

activities and functions. (p. 104)

For applied systems studies a complete and thorough understanding of this
statement is an entering argument to practice. The import placed upon the concept of
holism cannot be overemphasized, particularly for Cartesian reductionist thinkers whose
history of practice has been limited to sub-system elements. Faced with modern complex

systems holism is the starting point when addressing the wider concerns of the larger

system.
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Principle of Complementarity:

Niels Bohr [1885-1962], the 1922 Nobel Laureate in Physics, felt that the
classical and quantum mechanical models were two complementary ways of dealing with
physics, both of which were necessary (1928). He expressed this in what he called his
Principle of Complementarity (Bohr, 1937):

The apparently incompatible sorts of information about the behavior of the

object under examination which we get by different experimental

arrangements can clearly not be brought into connection with each other in

the usual way, but may, as equally essential for an exhaustive account of all
experience, be regarded as ‘complementary’ to each other. (p. 291)

Bohr was stating that certain physical concepts are complementary. If two concepts are
complementary, an experiment that clearly illustrates one concept will obscure the other
complementary one. For example, an experiment that illustrates the particle properties of
light will not show any of the wave properties of light. This principle also implies that
only certain kinds of information can be gained in a particular experiment. Some other
information that is equally important cannot be measured simultaneously and is lost.
Complementarity is a very valuable systems principle. Knowledge that there is
no single correct or incorrect perspective of a software development system and that all
perspectives reveal some truth about the system provides knowledge that permits the
researcher to apply systems theory and systems principles to the first research question:
How does systems theory apply to the analysis of software development project
performance? Invoking the principle of complementarity allows the researcher to include
the full spectrum of possible system solutions from Systems Practice as alternatives
during the inductive framework development. Clemson (1991) notes that . . . itis a
mistake to inquire as to which perspective is right. The proper question is given our

current practical purpose, which perspective is most useful?” (p. 206)
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Principle of Satisficing:

Herbert A. Simon [1916-2001], the 1978 Nobel Laureate in Economics,
conducted an investigation where he casts serious doubt on the usefulness of economic
and statistical theories of rational behavior as bases for the characteristics of human and
other organismic rationality. Simon (1956) proposes the following:

Both from these scanty data and from an examination of the postulates of

the economic models it appears probable that, however adaptive the

behavior of organisms in learning and choice situations, this adaptiveness

falls far short of the ideal of ‘maximizing’ postulated in economic theory.

Evidently, organisms adapt well enough to “satisfice,” they do not, in

general, ‘optimize’. (p. 129)

Simon believes that a great deal can be learned about rational decision making by
observing, at the outset, two key points: (1) the limitations upon the capacities and
complexity of the human decision-maker; and (2) taking into account the fact that the
environments to which human decision-makers adapt possess properties that permit
further simplification of the choice mechanisms. He points out some suggestions as to
the kinds of approximate rationality that might be employed by decision-maker
possessing limited information and computational facilities (1955).

Much of Simon’s treatise on rational decision making is based on his desire to
construct a simple mechanism of choice that would suffice for the behavior of a decision-
maker confronted with multiple goals. He goes on to state (1956):

Since the organism, like those of the real world, has neither the senses nor

the wits to discover an ‘optimal’ path — even assuming the concept of

optimal to be clearly defined — we are concerned only with finding a

choice mechanism that will lead it to pursue a ‘satisficing’ path, a path

that will permit satisfaction at some specified level of all its needs. (p.
136)

Simon’s Principle of Satisficing has many direct applications in the world of applied

systems science. Ackoff (1974) provides a real-world example:
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In many cases models are constructed for which algorithms cannot be
Jound; that is no systematic way of extracting optimal solutions from them
is available. Such models, however, can be put to effective use. They can
be used to ‘compare’ alternative solutions that are proposed by the
decision maker. Thus a manager and a model can engage in a dialogue
through which the decision maker can systematically improve a proposed
solution to a problem even if he can’t find the best one possible. The
decision maker can try and err or experiment with the model rather than
the real world, thereby accelerating and reducing the cost of the learning
process. (p. 10)

Satisficing is an emancipating systems principle. Knowledge that there is no
single absolute optimized solution for the complex software development system allowed
the researcher to abandon the quest and find a solution that permitted overall system
satisfaction. Invoking the Principle of Satisficing provided the researcher with the
rationale to search for and invoke a systems framework where good enough was not only
conceivable, but acceptable. At this point it is important to note that Simon’s work on
rational choice (1955, 1956, 1979) serves as the foundation for the work in human
decision making done by 2002 Nobel Laureate (Economics) Daniel Kahneman (2003a,
2003b) and his partner Amos Tversky [1937-1996]. Their work will be addressed in
more detail in the section on systems analysis.

In summary, systems thinking, and the systems principles that address holism,
complementarity and satisficing provided insight about how to view software project
performance. The consideration of these systems principles, and the structured systemic
method of systems thinking, are considered as part of the systemic framework.

Operations Research and Management Science

The field of Operations Research and Management Science has, as one of its
principal figures, Russell L. Ackoff. Ackoff is responsible for making many

contributions to management science, one of which has a direct bearing on the research.
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Principle of Systems Context:

Russell Ackoff (1974) uses the terms machine-age and systems-age to refer to
eras that were concerned with two different types of systems. The machine-age was
concerned with simple systems, and the systems-age is concerned with complex systems.

Table 2 contrasts the most basic characteristics of the machine and systems ages.

Machine Age Systems Age
Characteristic Simple System Complex System
Boundary Closed Open
Elements Passive parts Purposeful parts
Observable Fully Partially
Method of understanding Scientific method of Cannot use reductionism
reductionism

Table 2: Ackoff’s Machine-Age and Systems-Age Characteristics

Ackoff (1979a) recognized that the traditional reductionist engineering methods would be
incapable of coping with what he termed the messy situations present in human
organizational endeavors. Ackoff coined the concept of a mess and messes in 1979 when
he used the idea in two papers where he was arguing that operational research was passé
and that a more holistic treatment of problems was required and that a wide variety of
disciplines would be necessary (1979a, 1979b). Ackoff’s (1979a) definition of a mess
and messes is worthy of review:

Because messes are systems of problems, the sum of the optimal solutions

to each component problem taken separately is not an optimal solution to

the mess. The behavior of the mess depends more on how the solutions to

its parts interact than on how they interact independently of each other.

But the unit in OR is a problem, not a mess. Managers do not solve
problems, they manage messes. (p. 100)

Ackoff uses the systems principles of Hierarchy and Emergence to describe the
types of problems facing problem solvers in the real world. The bottom line is that real
world complex systems problems must include a definition of human activity in the

development of the contextual framework for the problem. For Ackoff (1979a), context
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was the essential element that modern systems problem solvers would need to include in
each problem definition if complex systems were to be understood. He argued that the
utility of operations research had been diminished because most of the established
techniques were unable to account for the real-world complexity present in systems-age
problems. Burrell & Morgan (1979) support Ackoff’s contention, stating:

Mechanical models of social systems, therefore, tend to be characterized

by a number of theoretical considerations and are thus of very limited

value as methods of analysis in situations where the environment of the
subject is of any real significance. (p. 61)

In short, the methods and techniques of traditional operations research are . . .
mathematically sophisticated but contextually naive and value free.” (Hughes & Hughes,
2000, p. 10) Ackoff’s work established the need for a clear understanding of specific
system context as fundamental to understanding and analyzing complex systems and
complex system problems across all of the different systems-based disciplines.

Many of the most significant problems facing the software engineering
community are a product of the complexity associated with developing software systems.
Most of the problems can only be resolved or addressed by understanding the complex
socio-technical elements of the development environment within which the software
systems are developed. According to Quade and Miser (1985)

Many of society’s problems emerge from processes associated with

structures that combine people and the natural environment with various

artifacts of man and his technology; these structures can be thought of as

systems. Such problems, and the systems of which they are aspects,
abound in modern society. (p. 1)

The problem system includes “. . . the social and technical elements, their formal and
informal relationships, emergent patterns, and the unique context of the problem.”

(Keating, Kauffmann & Dryer, 2001, p. 773) Modern complex systems require a
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systemic approach, one that includes two central ideas (Keating, Kauffmann & Dryer,
2001, p.773):

1. Problems cannot be isolated from the system that is producing the problematic

behavior; and

2. The problem system cannot be understood independently from the context

within which it is embedded
“The use of systems principles requires a holistic perspective of the system under
investigation as part of all systems-based problem solving methods and requires the
systems analyst to use a systems view to understand problem systems in context.”
(Keating, Kauffmann & Dryer, 2001, p. 773)

In summary, systems context is another systems principle applicable to software
development project management. Knowledge that the problems associated with
software development project performance can not be addressed apart from the
surrounding context required the researcher to consider software development projects as
complex social and technical system operating in real-world environments. Invoking the
principle of systems context challenged the researcher to include the full contextual
environment that surrounds real-world software development projects.

Systems Analysis

During the Second World War the American military used large numbers of
scientists and engineers to help solve complex logistical and strategic bombing problems
related to the war effort. This field was termed systems analysis and was principally
concerned with the analysis of small-scale systems and the interactions of components
within those systems. The distinguishing characteristic that applied to systems analyses

of that period was that the systems inquiry was undertaken to help decision makers
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identify a course of action and make economic decisions. Checkland (1978) defines
systems analysis as:

The systematic appraisal of the costs and other implications of meeting a
defined requirement in various ways. (p. 107)

Systems analysis was closely related to operations research because it used many of the
techniques, mathematical models, and practitioners from the field of operations research
to complete the systems analysis. Many of these efforts made significant contributions to
the philosophy and techniques of what was then called Operations Research.

One systems analysis project was the source of a systems principle that has a
direct bearing on the research and that is the Principle of Suboptimization.

Principle of Suboptimization:

The word sub-optimize was coined by Charles. J. Hitch [1910-1995] while
working at the RAND Corporation (RAND, 1952). Hitch’s study, one of the classics of
operations research, was performed during World War II on the optimum size of a
merchant-ship convoy. The problem was the sinking of Allied merchant ships by groups
of German submarines known as wolfpacks. Hitch found that the ratio of submarines
sunk to merchant ships sunk, varied as the square of the size of the convoy. The
recommendations of this study were put into effect and the number of merchant-ship
sinkings decreased dramatically, contributing importantly to the winning of the Battle of
the Atlantic, and consequently to the winning of the war (Machol, 1965). Hitch stated
that although his analysis of the wartime problem (where he showed that convoys should
be made as large as possible) produced a final answer that was approximately correct, it
was arrived at for the wrong reasons. He argued that the reasons were wrong because too

much emphasis was placed on the sub-system, namely the battles between an individual
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convoy and a submarine wolfpack, rather than on the wider system, that of winning the
Battle of the Atlantic or more importantly still, optimizing an even wider system, namely
winning the war (Hitch, 1953).

Hitch reported that his own study was guilty of suboptimization, not because the
study was faulty, but because the study was unable to encompass the larger worldview of
the problem. The relative point of view, within the hierarchy of systems, forms the
framework for suboptimization. Hitch suggested . . . that approach involves the analysis
of relations between sub-optimizations at lower and higher levels. Operations researchers
must understand the general characteristics of the higher level optimization if they are to
exercise good judgment in the selection of criteria at the lower levels - that is, if the sub-
optimizations are to contribute even indirectly to the high level objectives.” (Hitch, 1953,
p. 98)

The principle of suboptimization was the most important systems principle
associated with this research. The principle of sub-optimization permitted the researcher
to state that optimizing each software development subsystem or process independently
would not in general lead to a system optimum, or more strongly, improvement of a
particular software development subsystem or process may actually worsen the overall
development system. The work by Hitch (1953; RAND, 1952) touches on two additional

~ elements from the field of operations research and systems analysis; decision makers
within problem contexts and human cognitive bias in decision making.

In the first area, Jackson and Keys (1984) address the importance of decision
makers within problem contexts and how decision makers greatly influence the type of

solution needed and ultimately, the problem solving methodology required to reach an
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adequate solution. The criterion Jackson and Keys used to classify decision makers is
whether they are unitary, pluralistic, or coercive with respect to their objectives.
Decision makers are classified as unitary if they all agree on a common set of goals for
the system and make their decisions in accordance with these goals. A set of decision
makers is pluralistic if they cannot all agree on a common set of goals and they make
decisions which support differing objectives, but an accommodation or compromise can
be reached upon which all agree. Decision makers are classified as coercive if decisions
are achieved by the exercise of power and domination of one or more groups over others.
“In the case where coercive behavior is demonstrated it is impossible for any compromise
solution to bring about a genuine accommodation among the parties.” (Jackson, 1990, p.
658) In a later work, Jackson (1991) has changed the classification heading from
decision makers to participants and, he notes that the terms unitary, pluralistic, and
coercive (or radical) are common in the industrial-relations literature for describing the
relationship among the various stakeholders with an interest in organizations.

In the second area, human cognitive bias in decision making, Tversky &
Kahneman (1974) have shown that people making judgments under uncertainty *. . . rely
on a limited number of heuristic principles which reduce the complex tasks of assessing
probabilities and predicting values to simpler judgmental operations. In general, these
heuristics are quite useful, but sometimes they lead to severe and systematic errors.”
(1974, p. 1124) Tversky & Kahneman (1971) also identified human limitations when
processing statistical information and dealing with small sample sizes. Kahneman,

Slovic & Tversky (1982) have assembled the seminal papers on judgment under
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uncertainty, in a volume of the same name that provides extensive coverage of heuristics
and bias.

The value of this work is the recognition that cognitive and perceptual bias exists,
regardless of motivational factors, in all human decision making. Faced with this
condition, Kahneman and Tversky (1979) challenged the previously accepted notions of
decision making and the associated principal theory, utility theory. Their alternative
theory, called prospect theory, addressed a number of violations of classical rationality
that they had uncovered in their earlier empirical studies. They cite two major
inconsistencies in utility theory that prospect theory is designed to address (1979, p. 263):

1. People underweight outcomes that are merely probable in comparison with
outcomes that are obtained with certainty. They found that this irrational human

behavior, which they call the ‘certainty effect’, contributes to risk aversion in
choices involving sure gains and to risk seeking in choices that are sure losses.

2. People generally discard components that are shared by all prospects under
consideration. This tendency, called the ‘isolation effect’, leads to inconsistent
preferences when the same choice is presented in different forms.

In order to address these inconsistencies prospect theory views decision making under
risk as a choice between prospects or gambles. To overcome the cognitive limitations
Kahneman and Tversky (1979) assign values to intermediate gains and losses rather than
to final assets or losses and replace the probabilities with decision weights. Prospect
theory has provided a number of very tangible benefits in econometrics and found wide
acceptance in the field of economics.

It is easy to imagine how the application of prospect theory and the knowledge
associated with human cognitive bias can be applied to the engineering of a large

software development projects and the supporting project management systems. As such,
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this body of work is noteworthy and was considered when reviewing systems analysis
methods.

At the same time that systems analysis problems were being solved, the need for
many novel types of electronic gear for airborne use gave rise to a wide variety of
component devices, popularly known as black boxes. These were ingenious devices, but
their application in terms of the entire system of which they were merely parts was a
matter of improvisation (Engstrom, 1957). Inevitably, many of the engineers and
scientists working on these black boxes were required, by necessity, to look ahead to the
ultimate goal — the system. The need to address a complete system, and the increasing
complexity of systems gave rise to a new discipline; systems engineering (Roy, 1960).

Systems Engineering

The definition of Systems Engineering has evolved since its first formal definition
in the 1960s. Table 3 shows the evolution of the definitions to include the words complex
and customers in the formal definition. These words have been included because systems
engineers must include customers and the messy contextual situations that real-world
systems engineering problems present when they define problems for solution. Complex
man-made systems require a holistic, systemic understanding of both the technical
problem and the contextual framework present in order to arrive at satisfactory solutions.
The evolution of systems engineering and its establishment as a separate discipline is
recounted by the following observation (Hughes & Hughes, 2000):

After World War II, a systems approach to solving complex problems and

managing complex systems came into vogue among engineers, scientists,

and managers. In 1964, the ‘Engineering Index’ had no entry for ‘systems

engineering’ and only two pages for ‘operations research,’ both

variations upon a systems approach. By 1969 the number had jumped to

eight pages of citations for ‘systems engineering’ and to ten for
‘operations research’. (p. 1)
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Definition Source

...engage in the analysis of complex man and machine systems | Flagle, Huggins & Roy
or one may also say man and machine operations, utilize multi- | (1960, p. 23)
discipline teams, employ the scientific method, emphasize the
“whole system” rather than the component approach . . .
The design of systems in which the output is a set of Machol (1965, p. 1-4)
specifications suitable for constructing a real system out of
hardware.
.. . the overall problem of systems engineering is composed of | Chestnut (1967, p. 12)
two parts, one being the systems engineering associated with the
way that the operating system itself works and the other with the
systematic process of performing the engineering and associated
work in producing the operating system.
The set of activities that together lead to the creation of a Checkland (1993, p. 138)
complex man-made entity and/or the procedures and
information flows associated with its operation.
An interdisciplinary collaborative approach to derive, evolve, IEEE 1220 (1998, p. 11)
and verify a life-cycle balanced system solution which satisfies
customer expectations and meets public acceptability.
The function of systems engineering is to guide the engineering | Kossiakoff and Sweet
of complex systems. (2003, p. 3)
An interdisciplinary approach and means to enable the INCOSE (2004, p. 12)
realization of successful systems.

Table 3: Evolution of the Systems Engineering Definition

Systems engineering and its association with software have followed a curious path.
Systems engineering concepts and principles were routinely applied to the development
of complex software systems throughout the late 1960s and early 1970s. However, not
long after the software community coined the term software engineering (Naur &
Randell, 1969) a new independent field called software engineering was created.
Software Risk Management author Dr. Robert Charette (1989, 1991) points out that the
application of systems engineering concepts and principles were abandoned by the
software community because of the perception [although incorrect] that systems
engineering was focused only on hardware (personal communication, May 16, 2006).
Numerous systems and software experts feel that the abandonment of the systems
approach and the corresponding failure to address software from a holistic, systemic
perspective has contributed to the numerous problems associated with the development

and operation of software systems (R.N. Charette, personal communication, May 16,
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2006). However, systems engineering is beginning to make a comeback in the software
engineering community. The following recent events lend credence to this statement
(Schaaf, 2005):
The Software Productivity Consortium changed its name to Systems and
Software Consortium. Likewise, the IEEE’s Software Engineering
Standards Committee added the word systems to its name to become the
Software and Systems Engineering Standards Committee. The US

.Department of Defense’s Software Technology Conference morphed into
the Systems and Software Technology Conference. (p. 104)

In addition, the IEEE and the ISO/IEC are actively engaged in an effort to integrate their
software and systems engineering standards (Moore, 2006). One of software
engineering’s most prolific and respected researchers has called for the unification of
software and systems engineering (Boehm, 2000, 2006). Thayer (2002) states:

The application of systems engineering principles to the development of a

computer software system produces activities, tasks, and procedures
called software systems engineering, or SWSE. (p. 68)

Coallier (2003) describes the activities associated with the international standardization in
software and systems engineering. Mathieu (2002), in his article on the Tt op-Down

Approach to Computing opines that

The systems engineering approach is integral to large-scale information
technology projects common in modern business organizations. (p. 139)

Rozenblit and Kumar (1997) describe how computer systems should be synergistically
developed using innovative solutions and engineering methodologies that address:

v' Complexity,

v" Model-based engineering, and

v Process management

All three of these elements are central concepts in systems engineering.
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Sage has made significant contributions in the application of systems engineering
to software (Sage & Palmer, 1990 and Sage, 1995). His contribution has been to address
the engineering of software and information technology through the use of established
lifecycle management techniques from systems engineering. He states that (Sage &

Palmer, 1990)

. . . the major problems associated with the production of trustworthy
software are more concerned with the ‘organization and management of
complexity’ than with direct technological concerns that affect individual
programmer productivity. (p. 8)

His view of software engineering in the large, or software systems engineering, is
concerned with the processes that invoke systems management for software development
projects. These include the process of software design, production and maintenance
required to . . . ensure client needs are satisfied in an efficient, effective, and otherwise
productive manner.” (Sage & Palmer, 1990, p. 9)

Table 3 shows how systems engineering has evolved to include complex systems
and customers in the formal definition of its domain. However, during this evolution the
two principal educational texts (Blanchard & Fabrycky, 1998; Kossiakoff & Sweet,
2003) on systems engineering have eliminated topics on the fundamental concepts and
properties associated with systems that were included in the foundation texts (Goode &
Machol, 1957; Hall, 1962). The modern texts include few soft topics to encompass
customers and Ackoff’s messy situations that real-world systems engineering problems
present. The techniques addressed in the two texts are prescriptive in néture and focus
principally on the management of the systems life cycle. Systems engineers require
access to solutions based upon formal principles, methodologies, and supporting

techniques or methods. Complex man-made systems require a holistic, systemic
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understanding of both the technical problem and the contextual framework present in
order to arrive at satisfactory solutions.

Complexity:

Complexity is present, to some extent, in every system. The ability to observe,
understand, and apply complexity has been addressed by Warren Weaver [1894-1978]
(1948) and Simon (1962). In an interesting epistemological argument entitled Liberating
Systems Theory, Robert Flood (1990) provides a section that includes paradigmatic
interpretations that relate systems and complexity. These are at least three ways to relate
system and complexity (Flood & Carson, 1993, p. 34):

1. Systems are real and tangible things. They are groups of elements related to

the whole. Boundaries are easy to identify. Complexity is measured in terms of
the number of elements, number of relationships and attributes of these such

as linearity, symmetry, and nonholonomic constraints. Complexity and system
are therefore synonymous in a real sense. System is prime.

2. Systems are real but are difficult to access and know. Their reality is known
through interpretations. Complexity and systems are not synonymous because
people factors such as interpretation muddle system identification. Neither
system nor people is prime.

3. The realness and existence of systems is questioned. ‘Systems’ are people’s
actions and the social rules and practices that define those actions. Systems
therefore are contingent on there being people. Take away the people and
systems do not exist. Complexity and system have no clear relationship other
than system being a structure through which we organize our thoughts about
the world. People are prime.

The software engineering community can benefit from the application of complexity
theory in order to gain insight and understanding of the complexity present in their
software systems and the management of projects that deliver these systems. “Current
mainstream computer and (often) communications structures contain significant

unnecessary complexity. This complexity stems from two main factors: (1) The

provision of too many software functions and (2) the mapping of application functions
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onto poor or inappropriate application platforms.” (Lawson, 1990, p. 120) While Lawson
is speaking of the causes of some very specific technical complexities associated with the
application software, there are additional complexities present in the system itself. Simon
(1962) provides a simple definition of complexity that is focused on the system:

Roughly, by a complex system I mean one made up of a large number of

parts that interact in a nonsimple way. In such systems, the whole is more

than the sum of the parts, not in an ultimate, metaphysical sense, but in the

important pragmatic sense that, given the properties of the parts and the

laws of their interactions, it is not a trivial manner to infer the properties
of the whole. (p. 468)

Sommer and Loch (2004) follow Simon’s definition and explicitly state that complexity
has two separate dimensions: system size (number of variables) and interactions
(correlation of neighboring points). While it is a relatively straight forward exercise to
imagine the complexity of a physical system of N parts and K interactions a less obvious
complexity is present. This is the complexity present in the contextual domain associated
with the development of the software. This domain includes the problem solving process
that is an essential part of overall systems engineering process. Mihm, Loch and
Huchzermeier propose a mathematical model for use in complex projects (2003).

In summary, complexity is present in every systems engineering endeavor. The
ability to observe and understand complexity is purposefully built into every systems
engineering solution methodology as the precursor to attenuation. The software
engineering community can benefit from the application of systems engineering methods
in order to gain insight and understanding of the complexity present in their software

systems and the management of projects that deliver these systems.
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Entropy:

The éntropy parameter, so common in most of the sciences and engineering, has
utility in software engineering development projects as well (Campbell, 1982). When the
software development cycle is modeled as a process with inputs and outputs it is easy to
show how entropy comes into play. Figure 6 shows how the outputs of the process are

less than the inputs and that the difference is entropy.
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Figure 6: Simplified View of Entropy

This complies with the 2" Law of Thermodynamics which states, in effect, that useful
work out is always less than energy in. In nature entropy is related to things such as
friction and resistance, heat loss, turbulence, and random motion and disorder. Jensen &
Tonies (1979) label the “. . . corresponding effects in the human realm as Type 2 entropy,
which is induced by causes that need not be accepted and include uncooperativeness,
incoherence, confusion, and undirected or misdirected action.” (1979, p. 50) They go on
to state that (1979):

The primary objectives of software management are to identify the causes
of entropy in the system and to control them effectively. (p. 55)

The removal of Type 2 entropy throughout the system is . . . analogous to solving a

system of simultaneous differential equations; the answer is found by addressing the total
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intradependent system, not the individual parts. Local optimization of a software
development sub-process may not (in fact, usually does not) contribute to a reduction of
the total entropy integral.” (Jensen & Tonies, 1979, p. 53)

Model-Based Engineering and Process Management:

Modeling of real-world systems is an essential tool in systems engineering. The
systems engineer uses models to represent actual real world systems that are a reflection
of knowledge about the system. “Systems engineering has always had an
interdisciplinary flavor and has been associated with modeling.” (Schaaf, 2005, p. 102)
Models are used in order to both understand the system and communicate the system to
others. Models can take many forms and can be iconic, symbolic, or analogous. (Flood
and Carson, 1993) In all cases models are not systems, but representations of the systems
they represent, which are real.

Wallace, Stockenburg & Charette (1987) provide a formal method for modeling
in their Systems Engineering Methodology. This model is unique because it provides for
formal communication as an integral part of the model. They stress that (1987):

The communication orientation can not be over emphasized, since one of

the major reasons for system failures today is the lack of understanding of

the system on the part of the individuals involved in its development. (p.
23)

The communications-oriented characteristics of this modeling technique strongly
influence the behavior and utility of the unified methodology for developing
systems.

Information modeling plays a central role during information systems
development (Mylopoulos, 1998). Four worlds need to be understood and modeled

during the development process (Jarke, Mylopoulos, Schmidt & Vassiliou, 1992):
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1. Subject world. The system’s application domain which consists of the
subject matter for the information system (i.e. the world about which
information is maintained by the system).

2. System world. The information system itself.

3. Usage world. The organizational environment within which the system is
intended to function (i.e. the context).

4. Development world. The process that created the information system.

All of the information in the worlds needs to be represented in an effort to offer a
comprehensive framework for information systems development. In order to accurately
represent all of these worlds in a single model, the investigator must integrate a great deal
of information and complexity, a task that may actually limit complete understanding.

Because software/information systems development is a human activity it can be
modeled as a social or organizational system. The work of Dr. Bela Banathy (1996), a
systems practitioner who focused on problems in social systems, offers additional insight.
Banathy recommended a three-lens approach for two general types of models (1996).

In systems and design inquiry we work with both product and process

models. Product models describe the outcome of an inquiry. Process
models set forth the processes, the activities, by which to conduct the

inquiry. (p. 51)

The three lenses can be considered to be types of views, each with a specific focus. The
name of the lens and associated focus are as follows’(Walton, 2004).

1. Systems-Environment Lens. What is the system of interest?

2. Function/Structure Lens. What is the system about?

3. Process Lens. How does the system transform inputs to outputs?
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The Shinayakana Systems Approach (Nakamori & Sawaragi, 2000) is an
environmental modeling approach based on systems thinking in China and Japan.
“Shinayakana systems methodology stresses the adaptive learning and stimulation of
intuition and creativity of people. One of the main tasks of systems analysts is to develop
decision or thinking support systems that provide system models and system methods
with which people can make decisions taking into account social aspects or human
relations.” (Nakamori & Sawaragi, 2000, p. 182) This methodology appears to include
both objective and subjective elements in the modeling methodology but is not detailed
enough to warrant evaluation.

Another modeling methodology emerged from the literature search; the
Boardman Soft Systems Methodology (BSSM). The BSSM was developed from
Checkland’s and Scholes’ (1999) work in soft systems thinking and has been combined
with action-learning principles. “The modeling theory includes systems concepts that
govern the application of modeling techniques in order to make sense of the modeled
situation. The modeling range in sophistication from notation level, through template to
framework.” (Ramsay, Boardman & Cole, 1996, p. 33). ’fhis methodology has been
used successfully to model a project management risk framework.

Finally, the Physical System Theory (PST) modeling methodology has been
eliminated from consideration based on the literature review. “PST is based on the hard
and analytic system philosophy. It follows the basic analysis-synthesis cycle of systems
approach, i.e. dividing whole into parts and resynthesizing back into the whole to infer
about the whole more rationally, systematically and objectively.” (Sushil, 2002, p. 502)

PST (Sushil, 2002), as represented in the literature, fails to make adequate provisions for
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inclusion of the rich contextual environment that surrounds a software development
project in its models and is eliminated from consideration for use in constructing the
framework.

In summary, systems engineering is the branch that addresses entire systems; with
an emphasis on life-cycle management, from concept to retirement. System engineering
includes methods and techniques that have evolved to address increasing system
complexity. The use of the entropy concept, model-based engineering, and process
management has introduced formal techniques that increase understanding and system
knowledge. The systems engineering topics on complexity, entropy, and model-based
engineering and process management were considered as part of the systemic framework.

System Dynamics

Computer pioneer Jay Forrester is the father of system dynamics. He developed
systems dynamics after joining MIT’s Sloan School of Management in the mid-1950s.
Systems dynamics derived its roots from the principles of systems thinking. It applies
systems thinking by holistically observing systems using comprehensive models of all
facets of the system. Forrester was able to construct and automate these models as
detailed and interdisciplinary causal loop diagrams. Forrester used his early models to
simulate factory production systems using process flows and feedback loops that
included critical resources such as information, materials, manpower, capital equipment
and money. The success of Forrester’s systems dynamics models was based upon three

features (Edwards, 2000):
1. Models should be comprehensive.

2. Sorting out the structure and dynamics of a system using a computer
model was the key to understanding.
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3. Growth is a developmental stage and continued exponential growth is
impossible.

Forrester’s models and books on Industrial Dynamics (1958, 1961) and Urban Dynamics
(1969) went on to receive wide acclaim and served to institutionalize this branch of
systems science as contained in his influential book World Dynamics (1973).

A review of the literature shows that system dynamics has been used extensively
to model various aspects of software development projects and include: software project
scheduling (Abdel-Hamid & Madnick, 1983), software project staffing (Abdel-Hamid,
1989a), staff turnover (Abdel-Hamid, 1989b), cost/schedule tradeoff (Abdel-Hamid,
1990), software project control (Abdel-Hamid, Sengupta & Ronan, 1999), managerial
turnover/succession on project performance (Abdel-Hamid, 1992), productivity
improvement (Abdel-Hamid, 1996), and project management (Rodrigues & Williams,
1997). Ruiz, Ramos & Toro (2001) provide a simplified systems dynamics model in
response to the text by Abdel-Hamid and Madnick (1991).

System dynamics . . . assumes that the behavior of a system is principally
governed by its structure, and flow structure is the most effective way of viewing an
organization.” (Sushil, 2002, p. 518) Systems Dynamics (Abdel-Hamid, 1993 and
Abdel-Hamid & Madnick, 1989, 1991), as represented in the literature, fails to make
adequate provisions for inclusion of the rich contextual environment that surrounds a
software development project, and as such was eliminated from consideration in
construction of the framework for this research.

Organizational Cybernetics

W. Ross Ashby [1903-1972] has been described as the individual whose

contributions to systems research are so important that systems researchers have rated
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him as the single most influential person in the systems movement (Klir, 2001). Ashby
introduced the important concept of variety in his most popular book, An Introduction to
Cybernetics, in 1956. Ashby’s concept of variety addressed the possible number of states
that a system may be capable of exhibiting. In his 1956 text Ashby also formulated the
Law of Requisite Variety, which is . . . regarded by some as being as important to
management as Newton’s or Einstein’s laws are to physics.” (Jackson, 1991, p. 93)

Law of Requisite Variety:

Ashby’s important law states (1956, p. 207):

“Variety can destroy variety.”

This may require some explanation.

Variety is a measure of complexity that may be mathematically computed as the
number of different possible system states that may exist. A trivial formula for Variety
(Flood & Carson, 1993, p. 26) is:

V=2z"

where V' = Variety, n = number of system elements and Z = number of possible
states of each element.

A simple example shows how variety may be used in systems development and
control. Suppose there is a man-machine interface that is made up of 6 operators working
bn 6 different machines. This has 36 possible system elements. The machines can have
only two (2) states: operational or non-operational. The formula for Variety can be used
to calculate the system variety:

V=7"=2%=68,719,476,736
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So, for 36 system elements, and two states, there are sixty eight billion, seven hundred
nineteen million, four hundred seventy six thousand, seven hundred and thirty six
possible system states.

In order to positively control a system the Law of Requisite Variety (Ashby, 1956)
requires that:

The variety of the controller must be at least as large as the variety of the
system to be controlled. (p. 207)

This important law shows that the variety can quickly out-run the bounds of what is
controllable, for even mildly complex systems. The real lesson is that variety is a
function of the system inputs and outputs. For an unbounded system the variety is
infinite. In order to control the system variety the system inputs and outputs must be
controlled. Through the careful definition of the system boundary and the use of a
regulator (input attenuators and/or amplifiers) systems designers may attempt to control
the systems’ variety. The Conant-Ashby Theorem states that (Conant & Ashby, 1970, p.
97):

Any regulator must model what it regulates.

For the systems engineer this means that a design must possess an amount of
variety that is at least equal to the variety of the problem being addressed; and if it is to
handle unexpected perturbations the design must have additional variety. This requires
individuals or groups engaged in designing solutions to messy, real-world, complex
systems problems to gain control over designs by making appropriate specifications in all
the dimensions of the design, thus reducing the variety. The Law of Requisite Variety
and the Conant-Ashby Theorem are important elements of the work in organizational

cybernetics. Organizational Cybernetic methodologies, such as Beer’s Viable Systems
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Model (1979, 1981 & 1984) and the Organizations-as-Systems approaches (Cherns,
1976, 1987) are the principal methodologies found in the literature.
The Viable Systems Model (VSM):
The Viable Systems Model (VSM) was developed by Stafford Beer [1926-2002].
The central theme for the VSM is the essential organization of the system. The VSM is
concerned with the definition of the system and what enables it to maintain its identity
and to remain viable. It is a highly sophisticated organizational model based on
cybernetic principles that is superior to the more traditional human relations models.
Jackson states that the model’s strengths are (1991, p. 118-120):
1. The approach is highly generalizable focusing on the definition of the system
and the mechanisms that allow it to maintain itself in a viable state;
2. The approach is capable of dealing with organizations that have parts that are
both vertically and horizontally interdependent;
3. It requires the analyst to address command and control within the system;
4. It is highly suitable as a starting point for the design of information systems;
and
5. Itis highly effective as a diagnostic tool to make recommendations for
improving the performance and efficiency of organizations.
“The principal shortcoming of the VSM is that it underplays the purposeful roles of
individuals in organizations, which suggests an autocratic method, one that can be
subverted for authoritarian use.” (Jackson, 1991, p. 122) Espejo (2004) presents the
VSM as an effective problem solving methodology for use in complex social systems.

Yolles (2004) explores Beer’s VSM from a system/meta-system viewpoint. Because the
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VSM is a model, one that looks at enterprises using cybernetic principles in order to
understand their viability, it has been included for review during the inductive
development of the theoretical framework for software development.

Sociotechnical Systems (STS):

Sociotechnical systems theory sees organizations as pursuing tasks that

can best be realized if their social, technological, and economic

dimensions are jointly optimized, and if they are treated as open systems
and fitted into their environment. (Jackson, 1991, p. 60)

Sociotechnical systems (STS) have both a technical subsystem, made up of the facilities,
tools, equipment and knowledge necessary to execute processes in support of product
development, and a social subsystem, which is made up of the people working on the
processes. STS design is centered on the concept of positive integration between the
technical and social subsystems in support of the larger production system. The literature
adds a third subsystem, the environmental subsystem, which accounts for the contextual
framework within which the design exists (Shani, Grant, Krishnan & Thompson, 1992).
The literature has examples of where STS was used to implement an information system
in an organization (Adman & Warren, 2000), in a high-technology production system
(Jacobs, Keating & Fernandez, 2000) and in a software development firm (Shani & Sena,
1994).

Albert Cherns (1976), the father of modern Sociotechnical Design offered a
number of basic principles he felt were essential in the design and/or redesign of
organizatioﬁs. In the update to his initial paper Cherns (1987) states that his goal has
been:

In targeting engineers as designers of organizations, we sought to provide

them with a new perspective, better understanding, and some guidelines so
that they could better design organizations as social systems. (p. 154)
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Based on his goal Cherns has authored an important systems principle.

Principle of Minimum Critical Specification:

Cherns’ 2nd principle strives to limit the design role and prevent the age old
problem of over design. It is entitled the Principle of Minimum Critical Specification
(1987):

This principle has two aspects, negative and positive. The negative simply

states that no more should be specified than is absolutely essential; the
positive requires that we identify what is essential. (p. 155)

This principle has wide utility in all of engineering where engineers are constantly faced
with decisions about what is good enough. Engineers tend to produce designs that
include significant over design in order to both reduce uncertainties and ensure success.
By applying the principle of the Minimum Critical Specification engineers are required to
design as little as possible and only specify what is essential.

There are several reasons for placing bounds on a design; because there is never
complete knowledge (principle of system darkness) of a system or total control of the
resources required to completely specify a design. Whatever benefits are purposefully
included in specifications become obsolete (often at a rapid pace) as the contextual
elements surrounding the design become better defined. In many cases, early over
specification may have a crippling effect on the ability of the design team to adapt to
evolving changes in context.

The principle of Minimum Critical Specification, while stringent, recognizes that
the essential must be specified. A system must be sufficiently well specified if it is
expected to be viable. A strategy that selects alternatives that keep the most adaptive
options open early in the design may prove to be more successful than one that chooses

alternatives that permit few options. Cherns (1987) goes on to state:
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This premature closing of options is a pervasive fault in design; it arises,
not only because of the desire to reduce uncertainty, but also because it
helps the designer to get his own way. We measure our success and
effectiveness less by the quality of the ultimate design than by the quantity
of our ideas and preferences that have been incorporated into it. (p. 155)

In summary, Cherns echoes Gibson’s call for the inclusion of alternatives in each
and every design (Gibson, 1991). The inclusion of alternatives requires analysis and
ranking of each alternative, an exercise that often provides insight into solutions that
would never have been considered. Oftentimes, barriers to previously insurmountable
problems become feasible alternatives when viewed as part of the overall design.

In summary, organizational cybernetics provides very important elements for
understanding and controlling software development projects. The use of the Law of
Requisite Variety, the Viable Systems Model, and the concepts of socio-technical system
design are given important consideration as part of the systemic framework.

Summary of the Literature on Systems Principles

The literature search on systems principles provides a solid theoretical foundation
that may be applied when understanding software development project performance. The
richness of the language, methods, and techniques available to those who work with
complex systems, is directly applicable to large software engineering projects, which are
themselves, complex systems. The principles of holism, complementarity, satisficing,
context, suboptimization, and variety, and the formalism included in model based
methods and sociotechnical design are essential elements used in the inductive
development of the theoretical framework for software development in the first element
of the research.

Table 4 summarizes journal articles from the systems principles thread of the

literature schema that have direct application to this research. Table 4 provides a
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preliminary view of how each article will add to the theoretical and applied knowledge

required to inductively build the framework for software development.

Systems Principles Journal Article
Holism West (2004)
Complementarity Bohr (1928, 1937)
Satisficing Simon (1955, 1956)
Context Ackoff (1979a, 1979b); Keating, Kauffmann & Dryer (2001)
Sub-optimization Hitch (1953)
Variety Ashby (1956); Conant & Ashby (1970)
Viability Beer (1984), Espejo (2004) and Yolles (2004)
Model-based Methods Walton (2004); Ramsay, Boardman & Cole (1996)
Sociotechnical Design Shani, Grant, Krishnan & Thompson (1992); Shani & Sena

(1994); Jacobs, Keating & Fernandez (2000)

Table 4: Summary of the Literature on Systems Principles

SYNTHESIS OF THE LITERATURE ON SYSTEMIC IMPROVEMENT
FRAMEWORKS FOR SOFTWARE DEVELOPMENT

Systemic improvement frameworks for software development is the second thread
in the literature review. As in the previous section, Figure 7 is provided to re-orient the

reader during the extensive literature review. There is a great deal of information in the

Systems SW I.);:;lf)gixzexx[
Prnciples P Pt
erformnce
Application of Systems
Principles to SW
Dievelopment

Systemic Improvement

Frameworks for
SW Development

\ Literature Review /
7 1. Breadth

2. Synthesis
3. Critique

Figure 7: Systemic Improvement Frameworks for Software Development

literature about both software frameworks and software process improvements. In order
to better understand how the software engineering community approaches improvement

efforts, the literature in this area it has been split into four categories: (1) software
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development frameworks, (2) software development methodologies, (3) software process
improvement, and (4) software project management.

Software Development Frameworks

An excellent starting point in understanding the “. . . dizzying array of software
and process standards, recommended practices, guidelines, maturity models, and other
frameworks” is the article Evolution of the Frameworks Quagmire by Sheard (2001).
Figure 8 shows the evolution of the major software and systems standards that

incorporate compatibility with one-another as an element of their design.

DoD-STD-
7935A
DoD-STD-
MIL-STD-498

DoD-STD-
1703
ISO 9000 ISO/IEC
‘ Seties 12207
MIL-STD-
4994
ISO/IEC
15288
CMMI
IEEE Std
IPD-CMM  J« SE-CMM 1220

Figure 8: Evolution of Major Software and Systems Standards

0
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In a follow-on article Sheard (2002) goes on to show that capability models and other
process standards such as ISO 90003 and EIA/IS 731 generally ask the organization to do
similar or identical things and that prior to adopting any new model an organization
should map their current processes to the new model as part of the transition process.
This approach is much easier than starting fresh, and when combined with an

organization’s existing process improvement methods and teams, can be an effective

method of adoption. Clouse & Wells (2000) compare EIA/IS-731 and the CMMI® and

recommend a well-planned transition for organizations adopting the CMMI". The most

significant of these models are:

1. Department of Defense/Software Engineering Institute Capability Maturity Model
(CMM®).

2. International Organization for Standardization and International Electro-technical
Commission joint standard ISO/IEC 12207, standard for Information Technology
Life-Cycle Processes.

3. International Organization for Standardization and International Electro-technical
Commission joint standard ISO/IEC 90003, quality in software-based products.

4. International Organization for Standardization and International Electro-technical

Commission joint standard ISO/IEC 15504, Software Process Assessment.
Minnich (2002) conducted a similar comparison of EIA/IS 731 and the CMMI®
concluding that the CMMI" contained more descriptive material.

DoD/SEI Capability Maturity Model:
Most of the early work in software process improvements was started at the

Department of Defense’s Federally Funded Research and Development Center, the
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Software Engineering Institute (SEI), at Carnegie Mellon University (Lieblein, 1986).
The early works of Watts Humphrey, who founded the Software Process Program at the
SEI, were directed at improving software development by treating the entire development

task as a process (1988, 1989). The early work on the CMM" was based upon the five

stages of quality maturity espoused by Crosby (1979). Version 1.1 of the cMM® (Paulk,
Curtis, Chrissis, & Weber, 1993) presented a set of recommended practices in a number
of key process areas that proposed to enhance software-development. “The cMM®
framework was a path of improvements to increased software process capability.” (Paulk
et al, 1993, p. 24) The five levels in the CMM" each addressed different key process
areas but failed to address the entire software process at any one level. Card (2000) and
Murugappan & Keeni (2003) recommend blending the CMM” and the quality method of
Six-Sigma to address precise operational definitions for continuous improvement in order

to match process improvement goals with customer expectations and to predict and

measure the capability in schedule, effort, and quality.
In 2003 the SEI issued the Integrated CcMM® (CMMI®) in an attempt to integrate

existing models and bodies of knowledge from four disciplines: (1) systems engineering,
(2) software engineering’s software capability maturity model (SW-CMM®), 3)
integrated product and process development (IPPD) and, (4) supplier sourcing. The
stated goal was to improve practices from the four source models based on lessons-
learned. With over 100 participants from 30 organizations in government and industry
the CMMI® is a model built upon existing models and arrived at through compromise

and agreement; not from first principles or focused research.
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The CMMI® has two representations; the familiar five-level staged model and the
newer continuous model. The continuous model allows organizations to conduct
comparisons on a process-area-by-process-area basis and provides an easy migration
from EIA Standard 731. The more familiar staged model provides a sequential
improvement path which permits comparisons across and among organizations. Table 5

is a high-level comparison of the two model representations (SEIL, 2005, p. 43).

Staged Continuous
Representation Representation

Improvement Predefined and proven Maximum flexibility for
method path with case study and | order of process

ROI data improvement
Model focus is Organizational Improvement within process
upon improvement areas
Results Overall results Improvement of process
presentation summarized in a maturity | areas can occur at different

level rates
Comparison Maturity levels are Source selection

common discriminators investigation can target risky

areas at any level

Table 5: Comparison of CMMI® Model Representations

Since its release in December of 2001, the CMMI® has been adopted for use by an
increasing number of organizations. The SEI conducted a preliminary review of the
experiences in twelve (12) large organizations that were early adopters of the CMMI®
suite of products (SEI, 2003). The evaluation categorized the results into four primary
classes of benefits: cost, schedule, quality, and customer satisfaction and a fifth class that
addressed evidence about return on investment and related cost benefit matters. The
following summarizes the results from the twelve cases for each of the five classes of

performance measures (SEI, 2003, pp. ix-x.):

o Cost: Six cases provide nine examples of cost-related benefits, including
reductions in the cost to find and fix a defect, and overall cost savings.
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o Schedule: Eight cases provide evidence of schedule-related benefits, including
decreased time needed to complete tasks and increased predictability in
meeting schedules.

®  Quality: Five cases provide evidence of measurable improvements in quality,
mostly related to reduction of defects over time or by product life cycle.

o Customer Satisfaction: Three cases show improvements in customer
satisfaction, including demonstration of customer satisfaction through award

fees.

e Return on Investment: Three cases claim a positive return on investment from
their CMMI-based process improvement.

The improvements for the early adopters of the CMMI® are consistent with those
reported for the software CMM® in the literature. The staged model representation of the
CMMI® will be referenced throughout the research study in order to allow comparison to
the large body of work on the SW-CMM® which uses a similar staged representation.

ISO/IEC Standard 12207 Information Technology — Software Lifecycle
Processes

This standard describes the major component processes of a complete software
life cycle from conceptualization of ideas through retirement. The standard has primary,
supporting, and organizational process areas, which group the activities that are
performed during the software life cycle.

1. Primary Processes: Acquisition, Supply, Development, Operation, and

Maintenance.

2. Supporting Processes: Documentation, Configuration Management, Quality
Assurance, Verification, Validation, Joint Review, Audit, and Problem
Resolution.

3. Organization Processes: Management, Infrastructure, Improvement, and

Training.
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The standard includes the tasks, the specific responsibilities, and outputs to complete
each activity. The standard does not imply any specific life cycle model, and as such,
includes no linkages or relationships between activities. Organizations that adopt
ISO/IEC 12207 select an appropriate subset of the activities which can be tailored based

on the scope, size, complexity and criticality of the software product under development.

Ferguson & Sheard have conducted a comparison of ISO/IEC 12207 against the CMM”

and found that ““. . . organizations at CMM" levels 3 through 5 may need only minor
additions to their software processes to achieve ISO/IEC 12207 compliance.” (1998, p.
28) These findings highlight the close relationship between the recommended practices
in the CMM" key process areas and the life-cycle processes in ISO/IEC 12207.

ISO/IEC Standard 90003 Software Engineering — Guidelines for the
Application of ISO 9001 to Computer Software

ISO/IEC 90003 (2004) is a quality management standard that provides guidance
for organizations in the application of ISO 9001 to the acquisition, supply, development,
operation and maintenance of computer software and related support services. ISO/IEC
90003 identifies the quality issues which should be addressed and, like ISO/IEC 12207, is
independent of the technology, life cycle models, development processes, sequence of
activities and organizational structure used by an organization. It is used to develop an
ISO 9001 quality management system which can be used to apply for an ISO 9001

certificate. Mark Paulk (1995), the SEI CMM"” product manager, compared ISO 9001

with the CMM" and found that *. . . although the CMM" does not adequately address

some specific issues, in general it encompasses the concerns of ISO 9001. The converse

1s less true. ISO 9001 describes only the minimum criteria for an adequate quality-
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management system, rather than addressing the entire continuum of process

improvement.” (1995, p. 82). In a more recent study, van der Pijl, Swinkels & Verrijdt
found that “although not perfect, [the] CMM" offers more possibilities than ISO 90003.”

(1997, p. 273) Based on these findings ISO/IEC 90003 has limited utility as a framework
for the development of software and should be limited to addressing quality management
issues related to software.

ISO/IEC Standard 15504 Information Technology — Process Assessment

ISO/IEC 15504 (2004) provides a framework for the assessment of software
processes. This framework can be used by organizations involved in planning,
managing, monitoring, controlling, and improving the development of software. Process
assessment has two principal contexts for its use; (1) process assessment and, (2) process
capability determination.

Process assessment provides a means by which the current practices within an
organization can be characterized vis-a-vis the selected processes. Analysis of the results
identifies strengths, weaknesses and risks inherent in the processes. The assessment
outcomes can help the assessed organization to determine whether the processes are
effective in achieving their development goals, and to identify which processes are causes
of poor quality, schedule slippages or cost overruns. These provide the drivers for
prioritizing improvements to the identified processes.

Process capability determination is concerned with the capability of selected
processes against targeted baseline process capabilities in order to identify the risks

involved in undertaking a project using the selected processes.
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El Eman and Birk (2000) conducted an empirical investigation of the relationship
between the capability of a project’s software design, code, integration and testing
processes, as defined in the emerging ISO/IEC 15504 and the performance of the project.
The findings indicate that the develop software design process is related to the project’s
ability to meet schedule commitments in small projects and that in large projects this is
related to five different project performance measures.

Other Frameworks:

Humphrey, in association with the SEI, continues to write about and train
software engineers in the integrated software development process. He has written texts
on the Personal Software Process (PSP) to provide a disciplined way for individual
software engineers to do their work (1995, 1996a, 1996b), the Team Software Process
(TSP) which emphasizes the larger software development team (2000), and the role of the
executive in winning with software (2002). Case Studies on the use of the PSP in three
industrial software groups showed significant improvements (Ferguson, Humphrey,
Khajenoori, Macke & Matvya, 1997). An additional empirical study of the PSP reports
on the critical factors affecting the PSP (Zhong, Madhavji & Eman, 2000). A final paper
reports on the implementation and use of the PSP and TSP at Microsoft (Grojean, 2005).

Boloix and Robillard (1995) constructed a software system evaluation framework
that includes three dimensions; the system, which is subject to several projects during its
lifetime, the users, and the environment, within which it operates. This framework uses a
top-down approach that includes the software’s producers, operators and users as

essential elements.
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Ibrahim & Weszka (2004) report on the use of multiple standards at the Federal

Aviation Administration (FAA) and Lockheed-Martin. They provide guidelines for

adopting the CMMI", ISO/IEC 9001, ISO/IEC 12207, and ISO/IEC 15504 in an

integrated enterprise improvement framework.

In summary, the literature search on software development frameworks provides
both historical background and details for the major frameworks in the literature. The
application of many of the practices and processes contained within these frameworks
may provide additional understanding about performance when applied to software

development projects. The CMM" and ISO/IEC 12207 contain all of the requisite

software development processes and practices and were included as essential elements
used in the inductive development of the theoretical framework for software development
in the first element of the research. In addition, the work by Boloix & Robillard (1995)
which included critical social elements (i.e., software’s producers, operators and users) as
essential elements of their three-dimensional, project-based framework was given serious
consideration.

Software Development Methodologies

There are three empirical studies on software development methodologies in the
literature. The first describes a taxonomy of software development methods that uses
conceptual and formal models and problem-oriented versus product-oriented methods as
axes on the matrix. Blum provides the following definitions for the axes (1994, p. 83-
85):

v Conceptual models: descriptive models that establish the response to the

application domain need.
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v Formal models: prescriptive models that set out the behavior of the software

to be realized and are based on mathematics and logic.

v" Problem-oriented methods: concentrate on producing a better understanding

of the problem and its proposed solution.

v Product-oriented methods: center on the correct transformation from a

formal specification into a maintainable implementation.
Blum arrives at two conclusions: (1) the tension between mathematical and conceptual
approaches has an analogue: the tension between decomposition (top-down) and
composition (outside-in). The former is consistent with the laws of mathematics, and the
latter is closer to the way humans think, and (2) problem-oriented formal methods are the
category with the greatest potential for process improvement.

The second paper is an empirical analysis of the fundamental philosophical
assumptions of five contrasting Information Systems Development (ISD) approaches
(Iivari, Hirschheim & Klein, 1998) and draws upon earlier research which sought to
understand the dominant philosophical assumptions about the nature of information
systems development (Orlikowski & Baroudi, 1991; livari, 1991; Hirschheim, Klein &
Lyytinen, 1996; livari & Hirschheim, 1996). The paper has two distinct findings: (1) that
the most appropriate unit of analysis is not an ISD methodology but classes of similar
methodologies called approaches, and (2) a paradigmatic framework to support the
information systems development approaches.

The third paper is a theoretic analysis of the intellectual structures of ISD
(Hirschheim, Klein & Lyytinen, 1996). The paper provides an interesting generic

framework for structuring and understanding ISD using five two-dimensional
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frameworks that relate Habermas’ (1984) social action types (instrumental, strategic,
communicative and discursive) against Etzioni’s (1968) domains of change (technology,
language and organization). This paper provides a framework based on social action
theories which conceptualizes ISD in terms of domains, orientations, object systems, and
development strategies.

Additional papers on the factors that impact the implementation of system design
methodologies (Roberts, Gibson, Fields & Rainer, 1998; Hardgrave, Davis &
Riemenschneider, 2002), selecting a project methodology (Cockburn, 2000), the Rational
Unified Process (Jacobsen, Booch & Rumbaugh, 1999; Manzoni & Price, 2003), and a
framework for managing software development in small companies (Rautiainen,
Lassenius & Sulonen, 2002) are of general interest but did not provide information that
had utility in this research.

Software Process Improvement (SPI)

Software process improvement efforts at Hughes Aircraft (Humphrey, Snyder &
Willis, 1991), Raytheon (Haley, 1996; Bowers, 2001), Motorola (Diaz & Sligo, 1997;
Fitzgerald & O’Kane, 1999), an undisclosed firm (Harter, Krishnan & Slaughter, 2000),
and Computer Sciences Corporation (McGarry & Decker, 2002) have been reported in
the literature. Each improvement effort used the CMM" to measure the organizations
software maturity. Each organization made improvements in their software quality, as
reported in Table 6.

In addition to the improvement projects a number of specific SPI frameworks
(aside from the CMM"” which serves as both an improvement framework and de facto

development methodology) are reported in the literature (Saiedian & Chennupati, 1999;
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Wilson, Hall & Baddoo, 2001; Jiang, Klein, Hwang, Huang & Hung, 2004; Niazi, Wilson
& Zowghi, 2005a; Niazi, Wilson & Zowghi, 2005b; Dyba, 2005). While of general
interest, only two of these papers provide information that has utility in this research.

The paper by Jiang et al (2004) discusses the managerial processes that can be
used to attack software development problems at each maturity level. The paper by Dyba
(2005) 1s an empirical investigation of key factors in SPI and reports that six

organizational factors have significant bearing on SPI.

Initial Final . ]
Organization CMM® CMM® Major Mealsure of Software Quality
mprevement
Level Level

Hughes Aircraft 11 (1987) | III 2. Cost Performance Index (CPI) improved from
Corporation (1990) 0.94 to 0.97, saving $2M annually.
(Humphrey, Snyder
& Willis, 1991)
Raytheon II I 1. Rework or non-conformance decreased from
(Haley, 1996) 41% to 20%.
Raytheon (Bowers, III A% 1. Productivity improvement of 144% going from
2001) level II to level IV.

2. Investment of 6% annual budget for process

improvement.

3.ROIof6to 1.
Motorola GED Various | Various 1.Reduced defect density by a factor of 2 with
(Diaz & Sligo, 1997) each CMM?® level increase.
Undisclosed firm Various | [II, and 1. Higher product quality.
(Harter, Krishnan & 1t 2. Increased cycle time.
Slaughter, 2000) 3. Increased development effort.

Note: Marginal reductions in cycle time and

effort outweigh the marginal increases from

achieving higher levels of process maturity
Computer Sciences 1(1991) | V(1998) | 1.Quality improvement of 10% per year.
Corporation 2. Productivity improvement of 10% per year.
(McGarry & Decker, 3. Cycle time improvements.
2002) 4. Estimation accuracy improvements,
Motorola CIG 1(1993) | IV 1.13 Critical success factors
(Fitzgerald & (1997)
O’Kane, 1999)

Table 6: Software Process Improvements and CMM® Level

A final theme in software process improvement emerged from the review; people.
Turner & Boehm (2003) address the fact that the most critical success factors facing

software managers involve people factors; citing staffing, culture, values,
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communications and expectations management. They conclude that people factors are
critical to successful software development and management.

Software Project Management (SPM)

There is little empirical research on Software Project Management (SPM) in the
literature. Sussman & Guinan (1999) proposed a theoretical model for SPM that
identifies a characteristic of the technology and a characteristic of the team development
process as effective elements in minimizing the adverse effects of complexity and
ambiguity present in most software development projects. Abdel-Hamid, Sengupta &
Swett (1999) explore the impact of goals on SPM and found that managers do make
planning and resource allocation choices in order to meet the assigned goals. Ibbs &
Kwak (2000) developed an assessment framework for project management maturity
using the key elements of the Project Management Body of Knowledge (PMBOK).
Hartman and Ashrafi (2002) reported on the current project management practices in the
information systems and information technology industries. Jiang, Klein & Discenza
(2002b) propose altering the pre-project activities of information systems projects to
include the project manager and the team. They found that pre-project partnering; project
manager performance and effective project team characteristics had positive effects on
project outcomes. Chiang & Mookerjee (2004) propose a fault threshold policy to
manage software development projects. The appearance of faults during system
construction would act as the precursor to team meetings and management intervention.
Kendra & Taplin (2004) review project success factors and find that success of project
management relies on four dimensions of project success: the project manager skills and
competencies, organization structure, measurements systems, and management practices

that represent an organization’s culture. Purvis, McCray & Roberts (2004) address the
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use of heuristics in addressing complex decision situation sin information systems project
management. Nidumolu & Subramani (2004) propose a synthesis of control that uses
both the process and structure approaches for software development projects. The matrix
of control uses four nodes; behavior control and outcome control (process control
structure choices) and standardization control and decentralization control (structural
control choices). A recent paper by Nguyen (2006) addresses project management from a
decision making framework where a four-dimension decision model links task status in
the development process to the responsible project authorities. While of general interest
they did not provide information that had utility in this research.

Summary of the Literature on Systemic Improvement Frameworks for SW Development

The literature search on systemic improvement frameworks for software
development provided both historical background and details for the major frameworks,
methodologies and improvement processes in the literature. The application of two of the
frameworks, two of the methodologies and two of the improvement processes provided
additional understanding about performance and were utilized in to inductively build the
framework.

Table 7 summarizes journal articles from the systemic improvement frameworks

Systemic Journal Article
Improvement
Frameworks CMMI®, ISO/IEC 12207, Boloix & Robillard (1995)
Methodologies Tivari, Hirschheim & Klein (1998); Hirschheim, Klein
& Lyytinen (1996);
Process Improvement Jiang, Klein, Hwang, Huang & Hung (2004); Dyba
(2005);

Table 7: Summary of the Literature on Systemic Improvement
Frameworks for Software Development

for software development thread of the literature schema that have direct application to

this research. Table 7 provides a preliminary view of how each article will add to the
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theoretical and applied knowledge required to inductively build the framework for

software development.

SYNTHESIS OF THE LITERATURE ON THE APPLICATION OF SYSTEMS
PRINCIPLES TO SOFTWARE DEVELOPMENT

Application of systems principles to software development is the third thread in
the literature review. As in the previous section, Figure 9 is provided to re-orient the

reader during the extensive literature review.

Systens
Prncipls

l l S Developsent,

Pedommnce
Application of Systems
Principles to SW
Development
Systemis Improverment
Frameworks fix
S% Development

\ Literature Review /
1. Breadth
2. Synthesis
3. Critique

Figure 9: Application of Systems Principles to Software Development

The scholarly literature concerning the application of systems principles to
software development was almost non-existent. Seven articles, all empirically based,
were found. Table 8 categorizes the papers by the systems-based method being applied.
The papers are listed chronologically in order to present the research thought as it was
presented. All seven papers provide alternatives to traditional systems development
using a variety of systems-based methodologies. Of particular interest are the papers by
Bai & Lindberg (1999) and Bennetts, Wood-Harper & Mills (2000). Both papers

approach information systems development holistically and provide approaches that were
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considered during the inductive development of the theoretical framework for software

development.

System Principle

Research Paper

System Dynamics

Abdel-Hamid, T.K. & Madnick, S.E. (1989). "Lessons
Learned from Modeling the Dynamics of Software
Development,"” Communications of the ACM, Vol. 32,
No. 12, pp. 1426-1438.

Socio-cybernetics

Bai, G. & Lindberg, L. (1999). “A Sociocybernetic
Approach to Information Systems Development,”
Kybernetes, Vol. 28, No. 6/7; pp. 792-809.

Soft Systems
Methodology

Bennetts, P.D.C., Wood-Harper, A.T. & Mills, S. (2000).
“An Holistic Approach to the Management of Information
Systems Development--A View Using a Soft Systems

Approach and Multiple Viewpoints," Systemic Practice
and Action Research, Vol. 13, No. 2; pp. 189-205.

Oriental systems
theory

Zhu, Z. (2000). "WSR: A Systems Approach for
Information Systems Development,” Systems Research
and Behavioral Science, Vol. 17, No. 2, pp. 183-203.

Analogy

Day, I. (2000) "Software Development as Organizational
Conversation: Analogy as a Systems Intervention,”
Systems Research and Behavioral Science, Vol. 17, No. 4,
pp. 349-358.

Model validation

Petkova, O. & Petkov, D. (2003). " A Holistic Approach
Towards the Validation and Legitimisation of Information
Systems,” Kybernetes, Vol. 32, No. 5/6; pp. 703-714.

Viable System Model

Rios, J.P. (2004). "A self-organizing network for the
systems community," Kybernetes, Vol. 33, No. 3/4, pp.
590-606.

Table 8: Systems-Based Methods for Software Development

Software Engineering Texts and Body of Knowledge

73

A review of the major software engineering texts was conducted to see if systems

principles or systems theory was mentioned. The review included the generalized texts

on software engineering and the specialized texts on software engineering management.

The generalized texts included Humphrey (2000), Pfleeger (1998), Pressman (2001), and

Somerville (2005) and the specialized texts written by Bennatan (2000), Dorfman &

Thayer (2002), Futrell, Shater & Shafer (2002), Gilb (1998), Phillips (1997), Reifer

(2002), Schwalbe (2002), and Thayer (1997). None of the texts make reference to either

systems principles or systems theory.
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Finally, a review of the Software Engineering Body of Knowledge (Abran &
Moore, 2004) was conducted and no mention of either systems principles or systems
theory was made. However, the SWEBOK does mention complex systems. It states that
in one sense it should be possible to manage software engineering in the same way as any
other complex system but that there are some uniquely inherent aspects to software that
truly complicate its management. The four specific aspects are (Abran & Moore, p. 8-2):

1. The perception of clients that there is a lack of appreciation for the complexity
inherent in software engineering, particularly in relation to the impact of changing
requirements.

2. Related to the point just made, it is almost inevitable that the software engineering
process itself will generate the need for new or changed client requirements.

3. As aresult, software is often built in an iterative process rather than a concrete
sequence of closed tasks.

4. Software engineering necessarily incorporates aspects of creativity and discipline

— maintaining an appropriate balance between the two is often difficult.

While these aspects may seem unique to a software engineer, they are a matter of routine
to a systems engineer involved with the process of producing and managing complex
systems. The lack of literature relating systems principles or systems theory to software
engineering points out a major gap in the literature and will serve as the focus for this
research.

Summary of the Literature on the Applications of Systems Principles to Software
Development

The literature search on the applications of systems principles to software

development revealed two papers that approach information systems development
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holistically and provide approaches that would be considered during the inductive
development of the theoretical framework for software development.
Table 9 presents the two journal articles from this thread of the literature schema

that have direct application to this research.

Application of Journal Article
Systems Principles
Information Systems Bai & Lindberg (1999); Bennetts, Wood-Harper &
Development Mills (2000);
Table 9: Summary of the Literature on the Application of Systems
Principles to Software Development

SYNTHESIS OF THE LITERATURE ON SOFTWARE DEVELOPMENT
PROJECT PERFORMANCE

Software development project performance is the final thread in the literature
review. As in the previous section, Figure 10 is provided to re-orient the reader during

the extensive literature review.

\ ‘ Purpose

!

Systems
Principles

SW Development,
Project
Performance
Application of Systems
Principles to §W
Developrment
Systermic Dnprovement
Frameworks for
SW Dewelopnent

\ Literature Review /
1. Breadth

2. Synthesis
3. Critique

Figure 10: Software Development Project Performance

There is a great deal of information in the literature about software development
project performance. In order to better understand how the software engineering

community approaches project performance, the literature in this area it has been
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organized into two categories: (1) worldwide software development and (2) development
project performance.

Worldwide Software Development

Software researchers have been surveying global development activities since the
1990s. Cusumano (1989) was the first to report on the Japanese software factory
approach to software development and the use of procedures and tools, refined project
management techniques, and advanced technology for reuse support and automated
programming. Cusumano & Kemerer (1990) conducted an empirical study of the state of
practice in the United States and Japan and found that the Japanese spent more time in the
design and testing of software. Duvall (1995) conducted a qualitative grounded theory
study and found that software development was a sociotechnical discipline with large
social aspects. Cusumano, MacCormack, Kemerer & Crandall (2003) found that Indian
software development organizations are doing an admirable job with conventional best
practices.

Software Development Project Performance

An excellent starting point in understanding software development project
performance is van Genuchten’s (1991) empirical study of why software is late. This
early study found that over-optimistic planning was cited as a probable cause for late
delivery in all the studies. Banker & Kemerer (1992) follow this with an empirical study
of performance evaluation metrics and recommend a formal model that defines criteria to
predict the choice of a performance metric. Deephouse, Mukhopadhyay, Goldenson &
Kellner (1996) conducted an empirical investigation of software processes and project
performance finding that project planning and cross-functional teams were consistently

associated with favorable outcomes. Reichelt & Lyneis (1999) conduct an empirical
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analysis of the drivers of cost and schedule overruns and find that rework is the most
significant factor. Keil & Robey (1999) review the factors surrounding de-escalation of
troubled projects and found that the principal factor was the communication of “. . . bad
news” from those that find it to those who are in a position to do something about it,
overcoming the mum effect. Keil, Mann & Rai (2000) follow-up on this topic and use
constructs from theories to explain the escalation phenomenon and to test various
regression models for their ability to discriminate between projects that exhibit escalation
and those that do not. Aladwani (2002) proposes a theoretically driven performance
model of information systems development projects in which the research focuses on
organizational teams, placing social context in the forefront of information systems
project performance. Harter & Slaughter (2003) review quality improvement and
infrastructure costs and find that infrastructures costs make up 42% of firms total
information technology expenditures, suggesting that these activities should be included
in quality improvement endeavors. The study also finds that the greatest margin of cost
savings are realized in infrastructure processes that are closely allied to the development
processes and that occur late in the software development life cycle processes. Wallace,
Keil & Rai (2004) conducted an empirical study of project risks and how they affect
project performance. They use sociotechnical system theory to develop an exploratory
model that describes six dimensions (subsystems of risk) of software project risk. The
results suggest that social subsystem risk increases technical subsystem risk, as
determined by requirements and technical complexity. Jones (2004) conducted an
empirical study of 250 large software development projects between 1995 and 2004 and

found that «. . . those that ran late, were over budget, or were cancelled without
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completion, six common problems were observed: poor project planning, poor cost
estimating, poor measurements, poor milestone tracking, poor change control, and poor
quality control.” (Jones, 2004, p. 5) The final paper takes a holistic view of the root
causes of complex program and project failures in the Department of Defense (DoD) and
is addressed by Charette, Dwinnell & McGarry (2004). Their analysis was conducted as
part of the DoD Tri-Service Assessment Initiative and concluded that as a project team’s
level of systemic understanding matured, their ability to address problems was
significantly improved.

Summary of the Literature on Software Development Project Performance

The literature search on software development project performance provides a
number of empirical studies that address software performance with respect to a model,
metrics, escalation, risk and the causes of failure. Six of these journal articles provide
additional understanding about performance that would be considered during the
inductive development of the theoretical framework for software development

Table 10 summarizes the six journal articles from the software development

project performance thread of the literature schema that have direct application to this

research.
Application of Journal Article
Systems Principles
Performance Model Aladwani (2002)
Performance Metrics Banker & Kemerer (1992)
Escalation Keil & Robey (1999); Keil, Mann & Rai (2000)
Risk and Performance Wallace, Keil & Rai (2004)
Failure Causes Jones (2004)

Table 10: Summary of the Literature on Software Development
Project Performance
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SYNTHESIS OF THE LITERATURE - THE RELATIONSHIP OF RESEARCH
TO THEORY AND PRACTICE

This section provides a review of the literature contained in all four threads of the
review; systems principles, systemic improvement frameworks for software development,
application of systems principles to software development, and software development
project performance. It focuses on the empirical studies in Table 11 that have contributed

to the research and provided the foundation for the development of the theoretical

Literature

Systemic
Improvement
Frameworks for
SW Development
Application of
Systems Principles
to SW Development
SW Development
Project
Performance

West (2004)

Bohr (1928, 1937)

Simon (1955, 1956)

Ackoff (1979a, 1979b); Keating, Kauffmann
& Dryer (2001)

Hitch (1953)

Ashby (1956); Conant & Ashby (1970)

Beer (1984), Espejo (2004) and Yolles (2004)
Walton (2004); Ramsay, Boardman & Cole
(1996)

Shani, Grant, Krishnan & Thompson (1992);
Shani & Sena (1994); Jacobs, Keating &
Fernandez (2000)

CMM®, CMMI®

ISO/IEC 12207

Boloix & Robillard (1995)

Tivari, Hirschheim & Klein (1998)
Hirschheim, Klein & Lyytinen (1996)

Jiang, Klein, Hwang, Huang & Hung (2004)
Dyba (2005)

Bai & Lindberg (1999)

Bennetts, Wood-Harper & Mills (2000)
Banker & Kemerer (1992)

Keil & Robey (1999); Keil, Mann & Rai
(2000)

Aladwani (2002)

Wallace, Keil & Rai (2004)

Jones (2004)

R4 4 A4 Systems Principles

s

Pl (e | e e [ 4|

ol

LA R A

Table 11: Literature Relationship to Research Purpose
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framework for software development. All of the citations in Table 11 have some bearing
on the research and relate theory and practice to the principal research questions. Table
11 shows the gap in the literature surrounding the application of systems principles to
software development which served as the focal point for the research.

The purpose of the research was to develop and apply a systems-based framework
for the analysis of software development project performance. Because the traditional
method of predicting software development project performance, in terms of sub-system
performance may be too restrictive, a new holistic, systemic view may reveal a better
way to look at performance. The framework provides the conceptual basis for
understanding the context surrounding software development projects, but will also
support the development of formal methodologies that can be used by software
practitioners to improve software development project performance.

The strength of the framework has been based upon being grounded in the
theoretical constructs derived from the application of systems theory. Development of
the framework used Discoverers’ Induction, with the categories, attributes, relationships,
and dimensions of the framework drawn directly from the literature in Table 11. Figure
11 has been included to illustrate how the four research threads come together to shape
the development of the framework. Five important concepts were drawn from the
synthesis of the literature. The concepts [followed by specific references] as are follows:

1. A number of systems-based principles and concepts exist in the literature that

can be applied to the research questions. [They include the principles of
complementarity (Bohr, 1928, 1937), satisficing (Simon, 1955, 1956), context

(Ackoft, 1979a, 1979b, Keating, Kauffman & Dryer, 2001), sub-optimization
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(Hitch, 1953), requisite variety (Ashby, 1956 and Conant & Ashby, 1970),

and socio-technical system design (Shani, Grant, Krishnan & Thompson

(1992); Shani & Sena (1994); Jacobs, Keating & Fernandez (2000).]

Application of
Systems

Principles to SW

Development

* Bai&Lindberg
(1999)

e  Bennetts,
Wood-Harper &
Mills (2000)

Systems

Principles

West (2004)
Bohr (1928, 1937)
Simon (1955, 1956)

Ackoff (1979a, 1979b) and
Keating, Kauffmann & Dryer

(2001)
Hitch (1953)

Ashby (1956) and Conant &

Ashby (1970)

Beer (1984), Espejo (2004)

and Yolles (2004)

Walton (2004); Ramsay,
Boardman & Cole (1996)
Shani, Grant, Krishnan &

Thompson (1992); Shani &

Sena (1994); and Jacobs,

Keating & Fernandez (2000)

T

Adams

Systemic
Improvement

Frameworks for
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CMMI® (2002)

ISO/IEC 12207 (1995)
Boloix & Robillard (1995)
livari, Hirschheim & Klein
(1998)

Hirschheim, Klein &
Lyytinen (1996)

Jiang, Klein, Hwang,
Huang & Hung (2004)
Dyba (2005)

Systemic Framework

for

Software Development

Development

Performance

Ssw

Project

Banker & Kemerer
(1992)

Keil & Robey (1999);
Keil, Mann & Rai (2000)
Aladwani (2002)
Wallace, Keil & Rai
(2004)

Jones (2004)

Figure 11: Literature Threads

2. Systems-based methods and models exist that may be adeguate to holistically

describe the software development process. [Two systems-based cybernetic

methods, the Viable Systems Model (Beer, 1984, Espejo, 2004 and Yolles,

2004) and the soft systems method of Ramsay, Boardman & Cole (1996) as

well as Banathy’s three-lens model (Walton, 2004) provide framework

elements applicable to the research questions.]

3. Few existing software development frameworks and/or methodologies address

the overall development process holistically. [Exceptions include (1) an

empirical analysis of the fundamental philosophical assumptions of five
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contrasting Information Systems Development (ISD) approaches (livari,
Hirschheim & Klein, 1998) and (2) the generic framework for structuring and
understanding information systems development reported by Hirschheim,
Klein & Lyytinen (1996) that uses Habermas’ (1984) social action types and
Etzioni’s (1968) domains of change.]

4. There has been limited application of systems principles to the problems

associated with software development. [Only Bai & Lindberg (1999) and

Bennetts, Wood-Harper & Mills (2000) approach information systems
development holistically.]

5. The literature on software development project performance does not address

the root causes of poor performance. [Aladwani (2002) proposes a

theoretically driven performance model of information systems development
projects in which the research focuses on organizational teams, placing social
context in the forefront of information systems project performance. Dyba
(2005) addresses specific factors affecting software project performance. ]
The five concepts encompass all of the relevant journal articles from the literature
review. These five concepts provide a structure that has been used as an endorsement of
the research by supporting the unique nature of the purpose, objectives and research

questions.

CRITIQUE OF FINDINGS
A review of the body of literature has been conducted with a focus on gaps in the
research and the need for additional empirical research related to the research purpose

and primary research questions. The use of the synthesized literature in the inductive
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element of the research included a discussion of its purpose and the explicit boundaries it
sets for the researcher.

Gaps in the Existing Literature

A major gap in the literature existed in the treatment of software development
projects as an organized or complex whole; a system. The software engineering
community has been unable to coherently integrate their knowledge of the individual
software development and management processes (sub-systems) in order to better
understand the overall socio-technical system in which each of the development and
management processes exists. Notable exceptions are the work of Abdel-Hamid (1984,
1988, 1992, 1993, 1996), Abdel-Hamid & Madnick (1989, 1990, 1991), Thayer (1979,
1997, 2002), Thayer & Christensen (2002), Thayer & Dorfman (2002), and Sengupta &
Abdel-Hamid (1996) who have approached the management of software development
projects from a holistic, systemic perspective. An early text on software engineering
includes the following statement (Jensen & Tonies, 1978):

There is much attention on individual phases and functions of the software

development sequence, but little on the whole life cycle as an integral,
continuous process — a process that can and should be optimized. (p. 25)

They go on to state:

A systems treatment of the whole process from conceptual stage through
product installation and operation is needed. (p. 25)

Since these statements were made limited research has been conducted on the integrated
software development life-cycle process. In fact, the widely accepted literature on
software process improvement provides conflicting advice. Of particular concern is the

widespread adoption and implementation of the Software Engineering Institute (SEI)

Capability Maturity Model (CMM") and the Integrated CMM® (CMMI"). The SEI
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CMM"” and CMMI" have been used as frameworks for assessing an organization’s ability
to produce software as well as a de facto software development standard. CMM" and
CMMI"” assessments routinely evaluate software development projects and organizations
by reviewing the individual processes that are described in the CMM" or CMMI,

without regard for the integrated process. The CMM" and CMMI" and their associated

assessment methodologies, run contrary to the Principle of Suboptimization, where
optimization of the individual software development and management processes (sub-
systems) occur at the expense of the larger software development project (system).

Applications of the Literature to the Research

The journal articles synthesized from the scholarly literature provided the

empirical facts required to meet the first objective of the research:

Inductively develop a literature based, systemic framework to analyze

software development project performance

The framework was developed using an inductive method that is based on a literature-
intensive research effort where the synthesized literature frames the study. The
synthesized literature also established two specific boundaries for the researcher:

1. It ensured that the researcher was exposed to a range of ideas, concepts and
theories from the extant literature. “Reviewing relevant literature enhances
traditional induction by helping theorist’s link emerging theory to extant work
recognizing the influence of their own theoretical inclinations.” (Lewis &

Grimes, 1999, p. 678)
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2. Itacted as a filter affecting the importance placed on the observations made
by the researcher and the decisions to include or exclude particular journal
articles as elements of the research.

By including these elements as explicit statements in the research design the researcher
ensured that the underlying assumptions and boundaries of the research are the principal
factual information/data sources for the induction. By ensuring that the inductively
developed framework was linked to the literature the researcher enhanced the internal
validity, generalizability, and theoretical level of theory building (Eisenhardt, 1989).

A new holistic, systemic view may reveal a better way to look at performance.

The application of the synthesized literature, within a structured systemic framework for
software development, provides insight into the failure to achieve overall software
development project (system) improvement despite improvements within a number of the

individual software development processes (sub-systems).

SUMMARY

This chapter has shown how the research related systems principles to software
development project performance. It has presented the schema and breadth of the
literature review. It has provided a synthesis of the salient facts and exposed gaps in the
literature; highlighting the need for additional empirical research related to the research
purpose and primary research questions. The chapter provides a solid literature-based
foundation for the overall research effort and the extant literature required to build the
inductive framework. The importance of the literature review cannot be overemphasized,
as it is the foundation for the development of the framework for software development.

The inclusion of an expert review, outside of the researcher, decreased research risk and
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added validity to the literature used for the induction. The additional literature sources
recommended by the expert reviewer provided additional empirical facts used in the
induction.

The next chapter will provide an outline of the high-level research and
dissertation concept as well as a detailed description of the research paradigm, research

methodology and how the research complied with the Canons of Science.
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CHAPTER III - RESEARCH METHODOLOGY

This chapter reviews the high-level research and dissertation concept and provides

a detailed description of the research paradigm in terms of the researcher’s view and the

problem under study. It provides the rationale for the selection of a mixed-method design

and reviews the challenges presented by both the inductive and case study elements of the

research. It concludes by stating how the research complied with the Canons of Science.

EMPIRICAL SCIENCE AND METHODOLOGY

The principal role of the researcher is . . . the creation of theory and the

providing of empirical support for theory.” (Camilleri, p. 170) The methodology used for

this research study embraced all aspects of the scientific quest and provided a solid base

for conducting empirical science. Herbert Blumer [1900-1987] (1970) identified six

elements that are indispensable to inquiry in empirical science (pp. 22-23):

1.

The Possession and Use of a Prior Picture or Scheme of the Empirical World
under Study. A review of the literature related to and context surrounding the
phenomena as it exists in the empirical world.

The Asking of Questions of the Empirical World and the Conversion of
Questions into Problems. This is beginning of the inquiry where the structure
of the problem determines the broad methodological approach to be used.

Determination of the Data to be Sought and the Means to be Employed in
Getting the Data. The data requirements help solidify the specific
methodology and technique used to collect empirical data for the inquiry.

Determination of Relations between the Data. The data connections form the
basis for the findings. Specific techniques and procedures for understanding
the connections are selected and invoked based on the form and character of
the data connections.

Interpretation of Findings. The findings of the study are related to the outside
body of knowledge that transcends the study.

The Use of Concepts. Significant elements that the researcher invokes that act
as anchor points in the interpretation of findings.
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The methodology described in this chapter and the research design and detailed
procedure in the next chapter specifically addressed each of the six fundamental elements
of empirical investigation. In so doing, the researcher was able to invoke principles of
science that ensure that the temperamental and obdurate empirical world could be studied

within an acceptable framework of scientific investigation.
RESEARCH AND DISSERTATION CONCEPT

The research methodology for this study was mixed-method. The research
methodology used both qualitative and quantitative analysis methods to achieve the study
purpose by answering the two principal research questions. The value of a mixed method
design was that the strengths of each method were applied to the applicable question.

The nature of the first question

How does systems theory apply to the analysis of software development
project performance?

required the use of a qualitative element where a subjective approach was used to

understand the question within its rich contextual environment. “Interpreting information
technology in terms of social action and meanings is becoming more popular as evidence
grows that information systems development and use is a social as well as a technical
process that includes problems related to social, organization, and conceptual aspects of
the system.” (Kaplan & Duchon, 1988, p. 574) The second question

What results from the application of a systems-based analysis

Sframework for analyzing performance on a software development

project?

required the use of a quantitative element where an objective approach was used to

validate the utility of the framework on real-world software development projects.
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Qualitative Element

The qualitative element of the research methodology used an inductive theory
building method to develop the theoretical framework for analyzing software
development project performance. The development of the framework was founded upon
the inductive method of William Whewell [1794-1866] called Discoverers’ Induction
(Whewell, 1858). The method used the literature-intensive research effort in Chapter 2 to
provide the empirical facts used in the process of colligation where colligation is defined
as (Snyder, 1997a):

Colligation is the mental operation of bringing together a number of

empirical facts by superinducing upon them some idea or conception that

unites the facts and renders them capable of being expressed by a general
law. (p. 585)

The process of colligation is the purposeful action in which the researcher supplies
something fo the facts (in this case it is the holistic treatment of software development
using systems theory), which causes them to be seen from a new point of view. The
initial idea or conception regarding the use of the holistic principles of systems theory,
for software development projects were superinduced upon the empirical facts generated
in the literature review in Chapter 2. The qualitative inductive element was used to
answer the 1% research question How does systems theory apply to the analysis of
software development project performance? “The rationale for conducting an
exploratory study is to develop pertinent hypotheses and propositions for further inquiry.”
(Yin, 2003, p. 6)

Quantitative Element

*

The quantitative element of the research methodology used an objective case

study design to validate the inductively developed framework by using two real-world
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software development projects as validation cases. A positivist case study design was
selected in order to study software development projects within their real-world context.
Case studies are applicable to inquiries that will (Yin, 2003, p. 13-14):

v Investigate a contemporary phenomenon within its real-life context especially
when the boundaries between the phenomenon and context are not clearly
evident.

v Cope with the technically distinctive situation in which there will be many
more variables of interest than data points, and as one result relies on multiple
sources of evidence, with data needing to converge in a triangulating fashion,
and as another result.

v Benefit from the prior development of theoretical propositions to guide data
collection and analysis.

The systems based framework developed in the qualitatively-based exploratory
element was validated in the quantitatively-based explanatory element by answering the
2™ research question What results from the application of a systems-based analysis
Jframework for analyzing performance on a software development project? The
explanatory element included a quantitative analysis where the framework was evaluated
through the use of two case studies. Figure 12 is a high-level view of the research concept
and is reviewed in the following sections.

Inputs to the Research Design

The research design was affected by five inputs.
1. Contextual Compatibility. For researchers using qualitative inquiry, context

plays a major role in each of the various analytical approaches. Researchers must
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understand the importance of context and its essential nature in being able to understand

and interpret contemporary phenomenon that includes a societal element.

Contextual Compatibility
Socio-technical environment for
software development projects
Methodologit
[Epistemologici l
Axiological l
Ontological '
Research o & e
Researcher’s —_— o &6\ ystems
View Design S5, g Dovelopment
Qualitative Element 0";‘&?«0“ Contributes
Inductive theory 4. Evatua
building for systems ¢ 2. Used t::"n::ts::d Development :? Boc.ly_.of
Systems principles engineering framework rraf
as a“lens” projest acting as a
systems “lens”
Software as a i
complex system Structured, Systemic Goal: Tol
Framework for vare Proj and Dissertation
SB.’(S::’:f Software Development . Software Projects Transportable
Knowledge Projects Framework
Quantitative Element Q Analysis and d
Framework is validated o“’o % Validation of Provides
mk Using two Case Studies ,%:6%0“%% Framework areas for
m‘ oS . % Application of future
k on i
mmum T kk Rese¥CT  riques z&% F“m'r: to research
Development
Projects
Research
i 1. Cox ted ject:
Literature 2 vmu :ov:mh’»o
statistical inference
Canons of Science
Generalizable to theoretical propositions
Elimination of investigatory bias

Figure 12: Research and Dissertation Concept

As such, context becomes an important part of the research methodology. Mishler (1979)
notes that meaning is always within context and contexts incorporate meaning. Miles &
Huberman (1994) believe that “. . . understanding contexts is critical. Even that adjective
is too mild.” (p. 102) Accounting for the rich contextual environment present in the
socio-technical system used for software development projects was an essential part of
the analytic strategy in the research design. The viewpoint of the researcher and the
ontological, epistemological, axiological and methodological views all directly affected

the context of the research study.
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2. The Researcher’s View. The theoretical and philosophical perspectives of the
researcher, represented in the ontological, epistemoiogical, axiological and
methodological views directly influenced the conduct of the research.

3. The Software Engineering Body of Knowledge (SWEBOK). The SWEBOK
(Abran & Moore, 2004) contains the foundation material that were related to the body of
knowledge on systems in order to provide a holistic, structured, systemic framework for
software development projects.

4. Research Literature. The body of literature on research methods and
techniques provided the researcher with proven methods for the conduct of high-quality
research.

5. The Canons of Science. The Canons of Science provided a universal accepted
scientific standard for the research.

All five of these inputs serve to influence the research design which governs the
conduct of the research study. The next section discusses the high-level research design.

The Research Design

The research design contained the logic that linked the empirical data being
studied to the initial questions of the study. The research design had both qualitative and
quantitative elements. The qualitative element of the research methodology used an
inductive theory building method called Discoverers’ Induction to develop a theoretical
framework for analyzing software development project performance and answer thé 1*
research question How does systems theory apply to the analysis of software development
project performance? The data for this element of the research came from the intensive
literature review in Chapter 2. The quantitative element of the research methodology

used a positivist case study methodology to validate the inductively developed
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framework using two real-world software development projects to answer the 2™
research question What results from the application of a systems-based analysis
framework for analyzing performance on a software development project? The data for
this element of the research came from two real-world case studies. “The case study
methodology has five components that are especially important: (1) the study’s questions;
(2) the propositions; (3) the units of analysis; (4) the logic linking the data to the
propositions; and (5) the criteria for interpreting the findings.” (Yin, 2003, p. 21) Each of
the case study elements will be included in the detailed research procedure in Chapter 4.

The research design was divided into five phases. The research questions and
propositions are formalized and the framework was inductively developed from the
literature in Phases 0 and 1. The validating Case Studies were conducted in Phases 2 and
3. The research report was compiled for presentation in Phase 4. The research design,
phases, and detailed procedural steps are presented in Chapter 4.

QOutputs of the Research Design

The outputs of the research design included the holistically developed, structured,
systemic framework for software development projects and the two case studies used to
validate the framework. This dissertation is the principal product. A secondary product,
in the form of an article in a scholarly journal, will be produced in order to extend the

research findings to a wider audience.

THE RESEARCH PERSPECTIVE
Creswell (2003) has conceptualized his ideas about research design into a model

that shows the series of interrelated decisions that form the process of designing research.
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Figure 13 is based on Creswell’s model and depicts how the elements of the traditional

research paradigm were translated into the design processes for purposeful research.

Research Paradigm Research Methods Design Processes of
Research
Ontology
Taxonomy One
Non-experimental
Epistemology Experimental Questions
\ Quasi-experimental Theoretical lens
P  Data Collection
/ T T Data analysis
Methodology saxonomy WO Translated Writeup
Qualitative into design Validation
Quantitative elements
Axiology Formulated Mixed Methods
by the researcher

Figure 13: Elements of the Research Design

The research perspective is an alternative view of Creswell’s model that relates
two views; that of the researcher and of the problem under study. Both views are
essential in all types and methods of research and provide for a solid understanding of the
role that each play in the conduct of formal research. Figure 14 displays the elements of
the research perspective used for this research. The theoretical and philosophical
foundations that support the research methodology, within the research perspective in

Figure 14, are explained in terms of the Researcher’s View and the Problem under Study.
THE RESEARCHER’S VIEW

The research paradigm that underlies any research perspective describes the
following set of basic assumptions for conducting research (livari, Hirschheim, and

Klein, 1998):

e Ontology - the structure and properties of what is assumed to exist

e Epistemology - the nature of knowledge and the proper methods of inquiry
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e Axiology (i.e., ethics) - the responsibility of a researcher for the
consequences of his/her research approach and its results
¢ Research Methodology - the procedures used to acquire knowledge

Research
Perspective

A

Research Paradigm

Research Approach

Canons
of

Researcher’s
View

Ontogical
View

Epistemological
View

Axiological  Methodological
View View

Researcher’s
Profile

Researcher’'s Role
{Creswell, 2003)

1. Past experience with topic
2. Connection with

Personal Experience
{Creswell, 2003)

1. Training

2. Experience

participants 3. Psychological makeup
3. Protection if human 4 Writing skills

subjects (IRB process)

4. Access to the research

setting

Science

Problem
Under

Study .
A
y
Scholarly Research Data i ded
Literature Questions &  Collection A:“s,n
Review Propositions Requirements udience
Research
Methods
Qualitative Methods Mixed Quantitative Methods
(Leedy & Ormrod, 2001)  Methods {Leedy & Ormrod, 2001)

1. Case study

2. Ethnography

3. Phenonomenological study
4. Grounded theory study

5. Content analysis

6. Action research

7. Causal comparative

8. Historical

9. Developmental

1. Correlational

2. Descriptive or normative
3. Experimental

4. Observation

5. Descriptive quantitative
6. Quasi-experimental

Figure 14: The Resea

rcher’s Perspective

The researcher’s viewpoint was a function of his value system, normative behaviors, and

perceived role. The role as a qualitative researcher was a new one and as such was

affected by a number of important relationship values (Schein, 1992). However, the

initial theoretical and philosophical perspectives that influenced the researcher were the

ontological and epistemological views that he

brought to the research.
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Ontological View

Ontology is concerned with the theoretical perspective that lies behind the
knowledge claims. While an explanation of the major classical ontological views
provides interesting background material it is perhaps misleading to thiﬁk that one must
select from among just one of these views. A more realistic representation is that of a
continuum between Idealism (the subjective school) and Realism (the objective school).

Figure 15 is the ontological continuum (Morgan and Smircich, 1980).

Subjectivist Objectivist
Approaches Approaches
(Idealism) | | | | l I (Realism)
< >
| | | I | |
Reality as a Reality as a Reality as a Reality as a Reality as a Reality as a

projection of social realm of contextual concrete concrete
human construction symbolic field of process structure
imagination discourse information

Figure 15: The Ontological Continuum

The ontological continuum in Figure 15 is a schema for thinking about the assumptions
that underlie the research method. The assumption for this research was best described as
reality as a contextual field of information.

Epistemological View

“In general, epistemological assumptions are concerned with the nature of
knowledge and the proper methods of inquiry. By inquiry we mean the procedures or
means by which we can obtain knowledge.” (Iivari, Hirschheim and Klein, 1998, p. 174)
Creswell (2003) cites the four major schools of thought and the central elements of each
position in Figure 16.

The choice of an epistemology was not made in a vacuum, but was an essential

and interrelated part of the researcher’s view. A key element was the academic discipline
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or area within which the research was being conducted or presented. For example,
economists working in the field of econometrics would be shocked and most likely reject

the use of the advocacy/participatory school of thought in a research study,

: Positivism Constructivism
Determination Understanding
Reductionism Multiple participant meaning
Empirical observation and measurement Social and historical construction
Theory verification Theory generation

Advocacy/Participatory Pragmatism

Political Consequences of actions
Empowerment issue-oriented Problem-centered
Collaborative . Pluralistic
Change-oriented Real-world practice oriented

Figure 16: Epistemological Schools of Thought

Adapted from Creswell, J.W. (2003). Research Design: Qualitative, Quantitative,
and Mixed Methods Approaches. (2nd ed.). Thousand Oaks: Sage Publications, p. 6. -

while a group of sociologists would tend to accept this as a valid knowledge claim. An
understanding of the epistemological assumption, its applicability to the proposed
research and associated data, and the degree of acceptance that the method will receive
were elements of the selection process.

Finally, the epistemological emphasis can also be mapped on the ontological
continuum between the subjective and objective. Figure 17 is a mapping of the basic

epistemological stance along the ontological continuum (Morgan and Smircich, 1980).

Subjectivist Objectivist
Appro:ilches Approaches
(Idealism) (Realism)
Core Reality as a Reality as a Reality as a Reality as :1 Reality as a Reality as a
. projection of social realm of contextua concrete concrete
Ontologl?al human construction symbolic field of process structure
Assumptions imagination discourse information
< | l | .
Core To obtain To understand I To understand l To map To study To conduct
! . . penomenological  how social patterms of contexts systems, a positivist
Epistemological insight, reality is symbolic process, science
Stance revelation created discourse change

Figure 17: Continuum of Ontological Assumptions and Epistemological Stances
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“Qualitative research stands for an approach rather than a particular set of tecﬁniques, and
its appropriateness — like that of quantitative research — is contingent on the nature of the
phenomena to be studied.” (Morgan & Smircich, 1980, p. 499) Because qualitative and
mixed-method research took place in the natural setting, the researcher interacted with
the participants of the research. “The qualitative researcher often goes to the site (home,
office) of the participant to conduct the research. This enables the researcher to develop a
level of detail about the individual or place and to be highly involved in actual
experiences of the participants.” (Creswell, 2003, p. 181) The epistemological stance for
this research fell between mapping contexts and studying systems, process and change.

Axiological View

Axiology refers to what is valued or considered as being right. This element is
commonly referred to as ethics. Norman Augustine separates ethics into two categories:
macro ethics, which involve ethical issues that affect large segments of the society; and
micro ethics, that affect a smaller, more immediate group, such as one’s boss or one’s
client (Augustine, 2002). Research can include both micro- and macro-ethical
considerations and should be considered during the design of purposeful research. Singer
& Vinson (2002) introduce ethical issues in empirical studies in software engineering and
the use of ethical codes of conduct. “Most ethical issues in research fall into one of four
categories.” (Leedy and Ormrod, 2001, p. 107)

Protection from Harm

Physical and psychological harm to research participants were primary
considerations in the research design. The design of the research included safeguards and

participants were fully informed ahead of time as to what to expect as part of the study.
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A debriefing of participants after the study was also included as part of the research
design.

Informed Consent

Participation in the research study was strictly voluntary. Participants were told
the nature of the study and what specific activities their participation would involve.

Right to Privacy

“Any research study should respect participants’ rights to privacy. Under no
circumstances should a research report, either oral or written, be presented in such a way
that others become aware of how a particular participant has responded or behaved.”
(Leedy and Ormrod, 2001, p. 108)

All three of these categories are related to research that involves human subjects.
As such, the research required review and formal approval according to the guidelines
established by the 1974 National Research Act. The Belmont Report (HEW, 1979) serves
as the primary ethical framework for protecting human research subjects in the United
States. The report sets guidelines that underlie the conduct of biomedical and behavioral
research that involve human subjects and that are enumerated in public law. At Old
Dominion University the Human Subjects Institutional Review Board (IRB) ensures that
all research involving human subjects conforms to Federal, State, and any Local policies
providing for the protection of human subjects. The IRB waiver and approval for this
research are included in Appendix A.

Honesty with Professional Colleagues

The final category has two important elements. The first requires the researcher

to report findings in a complete and honest fashion, avoiding misrepresentation of facts or
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the intentional removal of information from the study. It also involves a central Canon of
Science: neutrality. The research design purposefully includes assurance that personal
prejudice and bias do not enter into the study. Separation of the researcher, who served
as the instrument in the study, from the study findings, was an essential element of the
design. The second element involved personal ethics and the requirement to properly cite
ideas and concepts that belong to or have originated with others. This element has been

meticulously applied throughout the research study.

Methodological View

The méthodological view involves both the researcher’s personal experience with
qualitative, quantitative and mixed-methods research and the problem under study. In
this case the researcher had prior academic experience producing a master’s thesis based
on an experimental study (Adams, 1986), but little experience with qualitative and
mixed-method research. However, the problem under study necessitated the inclusion of
the rich contextual environment in the analysis and as such required the use of qualitative
methods. The researcher endeavored to ensure that the research design provided
adequate rigor and complied with the Canons of Science. In addition, the researcher
consciously steered clear of the qualitative case study method proposed by Robert Stake
(1995) whose experience and interest was with more naturalistic, holistic, ethnographic,
phenomenological and biographic research methods and “. . . does not pay much attention
to quantitative case studies.” (Stake, 1995, p. xi) The utilization of Yin’s positivist case
study method was a conscious effort to include a more empirical method that
incorporated the design quality concepts for quantitative research with which the

researcher was familiar.
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Each methodology has a number of supporting methods and, as their central
focus, the means to be used for data collection and analysis. A principal factor in the
choice of methodology revolved around whether the intent was to specify the type of
information to be collected in advance of the study or to allow it to emerge from
participants during the research study. At this point the problem under study became the

principal factor in the methodological selection.
THE PROBLEM UNDER STUDY

The problem under study, as the raison d’étre, was focused on the research
purpose. It was bounded by the technique of the research method and the Canons of
Science. The details of the problem were contained in the scholarly literature, the
research questions, applicable propositions, the data collection requirements, and the
intended audience for the research study. Careful review of these details permitted the
researcher, from within his previously described ontological, epistemological and
axiological view, to make a rational decision as to which methodology to employ.

Scholarly Literature Review

The scholarly literature provided the empirical facts for Whewell’s inductive
method (Discoverers’ Induction) where, through the process of colligation, the researcher
supplied something #o the facts, which caused the facts to be seen from a new point of
view. In this case, the researcher’s initial idea or conception regarding the use of the
holistic principles of systems theory for software development projects was superinduced
upon the empirical facts generated in the literature-intensive research. The initial
literature review reported in Chapter 2 revealed five important threads that served as the

baseline for the literature-intensive research in the first element of the design: (1) A
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number of systems-based principles and concepts exist in the literature that can be
applied to the research questions; (2) systems-based methods and models exist that may
be adequate to holistically describe the software development process; (3) few existing
software development frameworks and/or methodologies address the overall development
process holistically; (4) there has been limited application of systems principlés to the
problems associated with software development; and (5) the literature on software
development project performance does not address the root causes of poor performance.

Research Questions and Propositions

Leedy and Ormrod (2001) have provided a set of conditional questions that
include elements from both the researcher’s view and the problem under study, as a guide

to the researcher. Table 12 is the set of conditional questions.

Question Qualitative Quantitative
What is the purpose | e To describe and explain ¢ To explain and predict
of the research? e To explore and interpret e To confirm and validate
e To build theory e To.test theory
What is the nature ¢ Holistic * Focused
of the research e Unknown variables e Known variables
process? ¢ Flexible guidelines ¢ Established guidelines
¢ Emergent design o Static design
e Context-bound o Context-free
o Personal view o Detached view
What are the ¢ Informative, small sample * Representative, large sample
methods of data e Observations, interviews, o Standardized instruments
collection? questionnaires
What is the form of | e Inductive analysis ¢ Deductive analysis
reasoning used in
analysis?
How are the e Words e Numbers
Sindings e Narratives, individual quotes | o Statistics, aggregated data
communicated? o Personal voice, literary style | e Formal voice, scientific style

Table 12: Distinguishing Characteristics of Qualitative and Quantitative Approaches

Adapted from Leedy, P.D. & Ormrod, J.E. (2001). Practical Research:
Planning and Design (7th ed.). Upper Saddle River: Prentice-Hall, p. 102

Whewell would argue that all research is conception laden and that there is a

single veil of theory over the whole of nature. He would not support the notions
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underlying a separate quantitative research methodology in the sense that it is purely and
absolutely objective (L.J. Snyder, personal communication, May 7, 2006). This research
used the modern qualitative and quantitative labels to clearly identify the established
methods to the audience for the dissertation.

By answering these questions for the proposed research the researcher was able to
determine that that this research required both qualitative and quantitative elements. To
effectively address the research questions no single method would be adequate. Thus, a
mixed-method approach was determined to best meet the goals of the research. A review
of the research purpose helped to narrow the selection of specific qualitative and
quantitative methods. In this case the proposed research was to develop and apply a
systems-based framework for the analysis of software development project performance.
The purpose was directed by the high-level research questions presented in Table 12.

The first question was:

How does systems theory apply to the analysis of software development
project performance?

and the second question was:

What results from the application of a systems-based analysis

framework for analyzing performance on a software development

project?
Because the research questions contained both 2ow and what questions, the study
required both explanatory and exploratory elements.

The how question required an exploratory (subjective) approach where the
rationale for conducting the study was to develop pertinent hypotheses and propositions

for further inquiry (Yin, 2003). In this case the researcher used inductive theory building

to derive and build a systems-based framework for the analysis of software development
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project perfdrmance. Discoverers’ Induction was the inductive method used to develop
the framewofk. The method required a literature-intensive research effort to provide the
empirical facts used in the process of colligation which was the purposeful action in
which the researcher supplied the systems concepts of holism, complementarity,
satisficing and suboptimization fo the facts which caused them to be seen from a new
point of view. The initial idea or conception regarding a holistic, structured, systemic
framework for software development projects was superinduced upon the empirical facts
generated in the literature review and served as the catalyst for the framework
development.

The what question required the use of an explanatory (objective) approach where
the researcher used an empirical method to validate the utility of the framework on real-
world software development projects. Because the validation of the framework explored
real-world processes, activities, and events in their natural setting the case study emerged
as the method for validating the framework.

Data Collection Requirements

The data collection requirements for this research were purely qualitative, that is
to say that the data must come from a real-world setting due to the social nature of the
software development process. A formal framework that specified who and what was
and was not studied was constructed using the guidelines developed by Miles and
Huberman (1994). The conceptual data collection framework also included several
specific qualitative methods for data collection and analysis related to software
engineering (Seaman, 1999). Throughout, particular attention paid to the data design to
ensure that the measures of design quality was met throughout the study.

Intended Audience
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Software engineering research, like the field of software engineering, is
continuing to emerge. The number of formally defined software engineering research
methods is limited. The dearth of formal methods may be a direct function of the market
forces that have propelled software engineering along at a pace unsurpassed by any other
emerging profession in modern times. These seemingly irresistible forces have forced
the industry to accept craft-based industrial practices, unacceptable in other engineering
fields, as the norm (Potts, 1993). “Members of a young scientific field such as MIS, in
search of legitimacy within the general scientific community, will generally see
themselves in a position of followers, not leaders, as far as methodology is concerned.
One can expect them to be more conservative and to play it safe.” (Landry & Banville,
1992, p. 87) Software engineering has only begun to base its practices on solid academic
and applied research, and as such a review of the research methods in use was warranted.

Mingers (2001) conducted an empirical review of six of the main IS journals to
evaluate the extent of multi-method research. All articles between 1993 and 1998 were
reviewed. Findings showed that roughly two-thirds of the papers contained some form of
empirical research, and the predominant forms of research were: (1) surveys, (2)
interviews, (3) experiments, and (4) case studies. These papers accounted for greater
than 80% of the recorded examples. Participant observation, grounded theory, and soft
systems methodology were almost entirely absent. Around 13% of the papers used a

multi-method research design.

Finally, four large methodological examinations on the different types of research
methods reported in the major information systems journals have been conducted. Table

13 is a summary of the data from each of the studies and shows that mixed method and
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case study research are commonly used methodologies in information systems and
software engineering. This supports the assertion by Kaplan and Duchon (1988) that:
Interpreting information technology in terms of social action and

meanings is becoming more popular as evidence grows that information
systems development and use is a social as well as technical process that

includes problems related to social, organization, and conceptual aspects
of the system. (p. 574)

Orlikowski Alavi & Farhoomand Chen &
Research Method & Baroudi Carlson & Drury Hirschheim
(1991) (1992) (1999) (2004)

Period Covered 1983-1988 1968-1988 1985-1996 1991-2001
Journals - Four Eight Eight Eight
Number of Articles 155 908 2,098 1,893
Survey 49.1% 3.5% 32% 41%
Laboratory 27.1% 7.3% 10% 18%
Experiment

Case Study 13.5% 4.4% 17% 36%
Mixed Method 3.2%

Field Experiment 2.6% 2.0% 2% 2%
Instrument 2.6%

Development

Protocol Analysis 1.3%

Action Research 0.6% 3%
Description 10.8%

Ex-post Description 2.0%

Development of tool 1.3%

Secondary Data 0.7%

Non Empirical 51.9% 39%

Table 13: Information Systems Research Methods

RATIONALE FOR SELECTION OF THE MIXED METHOD DESIGN

The mixed method research design was selected in direct response to the research
questions. Because no single method could adequately address each of the questions a
mixed method approach was determined to best meet the goals of the research. The
mixed method approach provided the researcher with the strengths present at both ends of
the continuum of ontological assumptions and epistemological stances in Figure 17. The
qualitative and quantitative research methodologies were able to directly associate the

philosophical underpinnings that explain the subjective (idealism) and objective (realism)
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perspectives, respectively. Each methodology brought distinct qualities and biases to the
research and it was incumbent upon the researcher to ensure that both the principles of
good research and the specific method were invoked. The rationale for each method was
as follows.

Qualitative Method: Inductive Theory Building

The goal of the first element of the research was the production of a systems-
based framework for the analysis of software development project performance. Glaser
and Strauss (1967) cite four general approaches to the analysis of qualitative data that are
depicted in Figure 18.

Because the research was generating and provisionally validating theory, an
indﬁctive approach was selected to develop the theoretical framework for software
development. This was principal output of Phase 1 and was developed based on a
literature-intensive research effort where the existing literature on the object of the study
helped frame the study and was important for establishing validity in the research and
confidence in the findings (Patton and Appelbaum, 2003). The initial idea or conception
regarding a holistic, structured, systemic framework for software development projects
was the object of the inductive method and was superinduced upon the facts from the
literature. This phase was highly qualitative and relied on inductive theory building to
construct the software systems engineering framework. Tying the emergent theory to the

literature enhanced the internal validity, generalizability, and theoretical level of theory

building (Eisenhardt, 1989).
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Yes

Generating
Theory

Provisional Testing of Theory

Yes

No

Analytic Induction

1. Codes all relevant data.

2. Assembles, assesses and
analyzes data.

3. Generates hypotheses.

4, Tests a limited number of
hypotheses with all available data
consisting of clearly defined and
carefully selected cases.

1. The analyst constantly
inspects the data for new
properties of the theoretical
categories and writes memos on
these properties.

1. Coding all relevant data that can
be brought to bear on a point.

2. Systematically assembles,
assesses and analyzes the data to
constitute proof fora given
proposition.

Constant Comparative
Method

1. Joint coding and analysis by
using explicit coding and analytic
procedures.

2. Generates theory more
systematically, does not test theory.

Adapted from a Table in Glaser, B.G. & Strauss, A.L. (1967). The Discovery of Grounded

Figure 18: Approaches to Qualitative Analysis

Theory, Strategies for Qualitative Research. Chicago: Aldine Publishers. p. 105

Quantitative Method: Case Study

The goal of the second element of the research was the validation of the
framework developed in the first element. Because the validation used real-world
software deveiopment projects, a case study method was selected. The case studies
conformed to Lijphart’s (1971) typology of six ideal case study categories and are
designated as theory confirming/infirming cases. “Case studies make an important

contribution to the establishment of general propositions and thus to theory-building.”
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(Lijphart, 1971, p. 691). The case study technique was equally important. Robert Yin’s

treatment of case study research is in sharp contrast to that of Robert Stake who draws
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from naturalistic, holistic, ethnographic, phenomenological and biographic research
methods and “. . . does not pay much attention to quantitative case studies.” (Stake, 1995,
p. Xi) Yin treats the case study as an empirical method and incorporates the design
quality concepts for quantitative research. Yin (2003) states:

Four tests, however, have been commonly used to establish the quality of

any empirical social research. Because case studies are one form of such
research, the four tests are also relevant to case studies. (pp. 33-34)

Yin’s assertion is supported by Lee (1989b) who makes a case for the use of case studies
as natural experiments supported by the objectivist framework’s natural science model.

Four key measures of design quality were observed and are presented in Table 14 (Yin,

2003, p. 34).
Measure of Design Definition
Quality

Construct Validity Establishing correct operational measures for the study to ensure
that subjective measures do not enter into the data collection.

Internal Validity Establishing a causal relationship whereby certain conditions are
shown to lead to other conditions.

External Validity Establishing a domain to which a study’s findings may be
generalized.

Reliability The auditability and confirmability of the research is demonstrated
by ensuring that the research study and data collection procedures
can be repeated, with the same results.

Table 14: Measures of Case Study Design Quality

Yin (2003), in his book Case Study Research: Design and Methods, has purposely
included the subtitle Design and Methods because it includes design procedures and
methods to ensure that the case study researcher is able to systematically design and
analyze case studies. The case study research design contains the logic that links the data
to be collected to the initial questions of the study. The data for this research came from
multiple case studies. The case study design incorporated five components that are

especially important: “(1) the study’s questions; (2) the propositions; (3) the units of
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analysis; (4) the logic linking the data to the propositions; and (5) the criteria for
interpreting the findings.” (Yin, 2003, p. 21)

Both the qualitative and quantitative methods support the overall goal of the
research which was the development of a framework to help those managing software
development projects to gain a greater understanding of the concept of holism when
applied to improving the software development process. Another important aspect of this
research was for the developed framework to be applicable and understandable by
software development practitioners. To ensure this, the researcher became intimately
familiar with how holism in software process improvement is perceived and how the
concept could be applied to the larger, real-world, systems-based software development
process improvement effort. The need for focus on the real-world aspects of software
development made this research project an appropriate instance for the application of a

mixed method design of qualitative inductive and quantitative case study methods.
CHALLENGES TO THE INDUCTIVE METHOD
There are four challenges to the overall inductive method that focus on the
method of discovery, reliability, verification, and epistemology related to the research.

Induction and Rational Discovery

A common challenge to the inductive method has been registered by those who
adhere to hypothetico-deductive positions. The hypothetico element of this position
holds that a theory may be developed non-inductively as follows (Kaplan, 1964):

The scientist, by a combination of careful observation, shrewd guesses,

and scientific intuition arrives at a set of postulates governing the

phenomenon in which he is interested; from these he deduces observable
consequences, he then tests these consequences by experiment, and so
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confirms or disconfirms the postulates, replacing them where necessary,
by others, and so continuing. (pp. 9-11)

Robinson (1951) reports on a similar positioﬁ by Znaniecki (1934) called Analytic
Induction, which is more in line with the hypothetico-inductive school of thought than
those that include inductive elements. Both Francis Bacon [1521-1626] and Whewell
unequivocally reject such notions. “Bacon cites that in the method of induction the
inference from data to hypothesis is performed by a process of graduated and successive
induction.” (Snyder, 1999, p. 541) Whewell (1857) states:

The first impulses of the human mind, even when it makes experience its
starting point, are fallacious and delusive. (p. 158)

Claiming that

Bacon alone saw that knowledge . . . must be gained by a slow and
gradual course . . . by a connected and gradual process. (p. 158)

In contrast, Karl Popper [1902-1994] supports the hypothetical tradition writing that:

The initial stage, the act of conceiving or inventing a theory, seems to me
neither to call for logical analysis nor to be susceptible of it. The question
how it happens that a new idea occurs to a man — whether it is a musical
theme, a dramatic conflict, or a scientific theory — may be of great interest
to empirical psychology; but it is irrelevant to the logical analysis of
scientific knowledge. (Popper, 1959, p. 7)

Hans Reichenbach [1891-1953] counters Popper’s analysis with the following
observation.

The hypothetico-deductive method or ‘explanatory induction,” has been
much discussed by philosophers and scientists but its logical nature has
often been misunderstood. Since the inference from the theory to the
observational facts is usually performed by mathematical methods, some
philosophers believe that the establishment of theories can be accounted
for in terms of deductive logic. This conception is untenable, because it is
not the inference from the theory to the facts, but conversely, the inference
from the facts to the theory on which the acceptance of theory is based;
and this inference is not deductive, but inductive. What is given are the
observational data, and they constitute the established knowledge in terms
of which the theory is to be validated. (Reichenbach, 1951, p. 230)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



112

What emerges is a dichotomy of positions; with Bacon and Whewell in favor of a rational
discovery méthod and Popper and the hypothetico school (positivism) in favor of an
irrational discovery method. It is important to note that Bacon and Reichenbach support
the ““. . . ontological precept of the tabula rasa, with the direct corollary that all
knowledge has its origins in experience.” (Sutherland, 1973, p. 58) Whewell, in his
antithetical epistemology, stated that all knowledge has two sources: ideas and things,
thoughts and sensations.

The successful rebuttal to the hypothetico-deductive challenge has major
implications for the use of inductive methods in qualitative studies. Inclusion of the rich
contextual environment that surrounds complex engineering problems is a missing
element in the mechanical models of the quantitative method. The ability to develop
theories of the middle range using Discoverers’ Induction is an important step in the
acceptance of qualitative methods in engineering research.

Induction and Reliability

The issue of reliability in the inductive method is concerned with the ability of the
researcher to consistently apply a common coding scheme as part of the induction. In the
inductive element of the research the researcher developed information groupings that
proposed possible relationships between the empirical data and the idea or conception
about the proposed relationship. The chunks of information contained in the information
groupings were organized into themes or subcategories that the researcher felt had
significance for the construction of the theoretical framework. The open coding and axial
coding techniques in the research procedure are, by nature, highly iterative. The
researcher moved back and forth among the open coded nodes and the axial coding

information groupings, continually refining the information structure or typology. “In
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most cases with the close involvement of the researcher, the codes are often based on an
intimate knowledge of the field, and almost inevitably carry subjective interpretations.”
(Kelle & Laurie, 1995, p. 25) “This is a problem of reliability, since a coding frame
would only be regarded as reliable if in any subsequent re-coding exercise the same codes
could be applied to the same incidents, which means that the coding could be repeated by
a different coder within an acceptable margin of error.” (Kelle & Laurie, 1995, p. 24) To
mitigate this concern the researcher ensured that: (1) coding of the empirical data was
inclusive and exhaustive; (2) during coding, subcategories and categories were
constructed that are mutually exclusive and unambiguous; (3) codes were applied to
chunks of information in a systematic and consistent manner; and (4) employed an
automated code-based theory-building software program to assist in the tasks of
retrieving and coding data. All four actions have increased the internal reliability by
enforcing repeatable behaviors (Seidel & Kelle, 1995).

Induction and Verification

The deductive element of the positivist position challenges the role of probability
in inductive methods. The deductive element of the hypothetico-deductive position is
founded upon the principle that hypothesis testing leads to one of two conclusions: either
the proposition is false, or it was tested and not yet falsified or corroborated.
Reichenbach, who along with Rudolf Carnap [1891-1970] and Carl G. Hempel [1905-
1997] were the leading logical empiricists, wrote to the Vienna Circle of Logical
Positivists that “. . . the demand for absolute verifiability must be dropped for all
synthetic propositions, because else we ought to drop the propositions of science

altogether. Instead of that a continuous scale of probability is to be introduced.”
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(Reichenbach, 1936, p. 124) In a later work Reichenbach provides an eloquent argument

for why probability should be used for all inductive relations.

If the inductive relation from the observed consequences to the theory is
once admitted, it cannot be denied that there is likewise an inductive
relation which supports the theory ‘before’ the consequences are tested.
The situation of the theory in respect to facts ‘before the experimental
test.” In both cases there are facts which do not ‘verify’ the theory, but
which may confer a determinate probability on it; this probability may be
small before the test, and great after it. But even before the test there must
be facts on which the theory is based; and there must be, also before the
test, a net of inductive relations leading from the facts to the theory — else
the theory could not seriously be maintained. (Reichenbach, 1938, p. 27)

Reichenbach’s argument supports the Inductive Treatise that inductively
predicated allegories express probabilistic behavior, such that an allegory may
predict a phenomenon’s behavior under the assumption that it will behave
according to certain empirically-generated generalizations with some significant
probability (Sutherland, 1973).

Whewell’s Antithetical Epistemology

The final challenge to the method may arise from the modern use of Whewell’s
epistemology. Whewell has been termed antithetical by Butts (1965) and Fisch (1985a,
1985b, 1991) for adopting an epistemology that combines seemingly opposed empirical
and a priori elements. In a work too large to fully describe in this dissertation Snyder
(1994) successfully argues that both Fisch and Butts misunderstood Whewell’s
phildsophy. The key points of her arguments are as follows.

Whewell, in his discussion of philosophy, stated that knowledge is antithetical
and consists of inseparable ideal and empirical elements. He went on to state that there is
no permanent line to be drawn between theory (the ideal element) and fact (the empirical

element) and stated that a true theory is itself a fact, and can be used to form theories of
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even greater generality. His example is that for Kepler it was a theory that the planet
Mars revolves in an elliptical orbit about the sun; while for Newton this was a fact that he
used in inferring the law of force.

Whewell also appﬁed the antithetical pair concept to experiential and necessary
truths. He stated that experiential truths are laws of nature that are knowable only
empirically and that necessary truths are axiomatic propositions knowable a priori.
These statements are at the heart of the ultimate problem raised by Whewell’s antithetical
philosophy of Science:

How is it possible that through any process, especially one that is partly

empirical, a proposition previously knowable only empirically can become
knowable a priori?

Whewell claims that science consists in a process called the idealization of facts, where
experiential truths are transferred to the side of necessary truths. Snyder posits that the
connection between the empirical (experiential truths) and axiomatic (necessary truths) is
analytic. Snyder’s analytic label refers to Whewell’s insistence that human ideas are at
the center of the process. It is the fundamental ideas of man that connect the facts of our
experience, in a linguistic relationship with real-world objects and events. Whewell
further stated that each fundamental idea is made up of conceptions which are special
modifications of the idea applied to the particular circumstances. It is the I/dea or
Conception that is central to the formulation of an empirical law. Through the process of
colligation empirical facts are brought together under a relation provided by the Idea.

In summary, the idealization of facts in which experiential truths are shown to
satisfy the criteria for necessary truths is the central element of Whewell’s epistemology.
Whewell’s epistemology is the foundation for his method of induction; Discoverers’

Induction.
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CHALLENGES TO THE CASE STUDY METHOD

The case study has long been (and continues to be) stereotyped as a weak

sibling among social science methods. Investigators who do case studies

are regarded as having downgraded their academic disciplines. Case

studies have similarly been denigrated as having insufficient precision

(i.e., quantification), objectivity, or rigor. (Yin, 2003, p. xiii)
That is the opening sentence in the Preface to Robert Yin’s seminal work; Case Study
Research: Design and Methods. These words to researchers who contemplate using the
Case Study for dissertations serve as sufficient warning about the methodological risk.
However, his words are followed by a powerful treatise on how the Case Study is an
empirical method that conforms to the Canons of Science. Yin’s candid and open
approach to the case study provided the researcher with sufficient material to positively

approach and mitigate the limitations included in the scholarly criticisms. The principal

limitations and the strategies to mitigate the threat to scholarly research were as follows:

Lack of Rigor

The lack of rigor criticism is linked to the problem of bias, which can be
introduced by the subjectivity of the researcher (the instrument of the study) and that of
the participants on whom the researcher relies to get an understanding of the case. This
criticism is not unique to case study research. “Quantitative research can also be affected
by the bias of the researcher and of participants: samples can be manipulated, data can be
tampered with or purposely excluded, surveys can be poorly constructed and respondents
can answer dishonestly.” (Patton and Appelbaum, 2003, p. 62). However, case study
researchers are not relieved of the responsibility for conducting thorough, careful
research. Yin’s treatise on the subject is noteworthy in that it has purposely included the

subtitle Design and Methods because it includes design procedures and methods to ensure
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that the case study researcher is able to systematically approach the case study.
Additional formal methods and procedures have been developed, particularly the work of
Miles and Huberman (1994), which address the collection and analysis of qualitative data
and were essential elements of the case study design in this research. The United States
General Accounting Office (1990) has a checklist for reviewing case study reports that is
a useful tool in ensuring that the case study report contains sufficient rigor. The use of
systematic methods and formal procedures were strategies adopted by the researcher to
mitigate this criticism. However, “. . . systematic and careful work is always relevant, no
matter the type of research.” (Stenbacka, 2001, p. 553)

Little Basis for Scientific Generalization

The criticism about scientific generalization is focused upon the method’s reliance
upon a case study as the means for generalization. “Case studies are generalizable to
theoretical propositions and not to populations or universes.” (Yin, 2003, p. 10) The
scientific basis for case study generalization is differentiated from experiment

generalization in Table 15.

Experiment Case Study
Conceptual Frame A population of data A theoretical proposition
Method of Generalization | Statistical Generalization Analytic Generalization

Table 15: Scientific Basis for Generalization

“In analytic generalization, the investigator is striving to generalize a particular
set of results to some broader theory.” (Yin, 2003, p. 37) Analytic generalization
involves genéralizing to a theory or in this case a framework—not to a population—and
is based on validating theory-driven or framework-driven predictions with evidence
collected in a variety of settings in the case studies. Analytic generalization can reveal

contextual conditions under which the framework-based predictions are considered to
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stated ““. . . analytic generalization attempts to show that a theory holds broadly across a

wide variety of circumstances, but sometimes it identifies the scope of a theory — that is,

the conditions under which it applies.” (p. 17) In this research the inductively developed

systems-based framework was used as a template for comparing the empirical results (i.e.

data) of both case studies. The research further extended this generalization by

combining the inductive concepts generated in the literature review with insights from

existing formal theory. The formal theory came from the literature which was a strategy

recommended by Glaser and Strauss (1967).

Lee & Baskerville (2003) have constructed a generalizability framework to offer a

clarification as to the type of generalizability appropriate to a specific research effort.

Figure 19 is the framework.

Generalizing
From
Empirical
Statements

Generalizing
From
Theoretical
Statements

Generalizing Generalizing
To To
Empirical Theoretical
Statements Statements
EE ET

Generalizing from
Data to Description

Generalizing from
Description to Theory

Generalizing from
Theory to Description

Generalizing from
Concepts to Theory

Figure 19: Lee & Baskerville’s Generalizability Framework
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The type of generalization used in this research is generalizing from description

(the empirical results of the case studies) to theory (the inductively developed systems-
based framework) and as such was characterized as Type ET. This type of
generalizability has appeared in the literature with regularity and is reported by Yin
(2003), Klein & Myers (1999), Strauss & Corbin (1998), Walsham, (1995), Dutton &
Dukerich (1991), Leonard-Barton (1990), Eisenhardt (1989), and Glaser & Strauss
(1967).

Yin provides three synonyms for generalizing from empirical to theoretical
statements: “(1) Analytical generalization, (2) Level-2 inference, and, (3) Generalizing to
theory.” (Lee & Baskerville, 2003, p. 236) Figure 20 illustrates three examples of

generalizing from empirical to theoretical statements (Yin, 2003):

theory rival theory
A
Level-2 ? ' f
Inference N Y] — TP T X
) dh 4b
I | ' l
1 ] 1
population case study experimental
characteristics findings findings
Level-1
Inference
sample subjects

Figure 20: Making Inferences: Two Levels

Adapted from Yin, R.K. (2003). Case Study Research: Design and
Methods. (3rd ed.). Thousand Oaks: Sage Publications, p. 32

1. Generalizing from population characteristics to theory,
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2. Generalizing from case study findings to theory, and

3. Generalizing from experimental findings to theory.
The research developed a Level-2 inference in which the developed theory in the
inductively developed systems-based framework was used as a template with which to
compare the empirical results of the two case studies. Two case studies were selected
because (1) if they support the theory, then replication may be claimed, and (2) more
importantly, . . . the empirical results may be considered yet more potent if two or more
cases support the same theory and do not support an equally plausible, rival theory.”
(Yin, 2003, p. 33) This is the Level-2 inference in Figure 20.

Analytic generalization is an important concept for the case study researcher.
Type ET generalizability is considered to be well developed. “Hence, criticisms that case
studies and qualitative studies are not generalizable would be incorrectly ruling out the
generalizability of empirical descriptions to theory. Furthermore, such criticism could be
incorrectly presuming that statistical generalizability is the only form of generalizability
and will be included as an essential element of the case study design.” (Lee &
Baskerville, 2003, p. 237)

Making Controlled Observations

Most natural science experiments routinely observe the influence of one factor on
another factor. In so doing they have designed the experiment so that other factors that
may potentially interfere with the experiment are strictly controlled or removed from the
exberiment altogether. The real-world setting for case studies does not permit such

controls.
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In order to mitigate this criticism the case study researcher has made controlled

observations by utilizing natural conditions to validate predictions. Lee (1989a) remarks

that:

The case researcher must actively apply his or her ingenuity in order to
derive predictions that take advantage of natural controls and treatments
either already in place or likely to occur. (p. 39)

The researcher scanned all of his objectively collected data for the presence of

natural controls included in the observations.

Take Too Long and Result in Massive, Unreadable Documents

Yin reports that this complaint may be appropriate, given the way case studies

have been done in the past, but this is not necessarily the way case studies must be done

in the future (Yin, 2003). Yin’s book includes a chapter that discusses an alternative

method to the traditional, lengthy narrative, and how it can be avoided.

Table 16 lists each of the issues and the mitigation strategies that were included as

purposeful elements in the case study design for this research.

2.Use of formal data analysis methods

3.Use a guide to achieving quality in
qualitative research

4. Case study review checklist

Scholarly Criticisms of Mitigation Strategies Research Design References
Case Studies
Lack of Rigor 1. Use of formal methodology 1.Yin, (2003)

2.Miles & Huberman (1994)
3.Cepeda & Martin (2005)
4.U.S. GAO (1990)

Little Basis for Scientific

1. Analytic generalization to theoretic

1.Yin (2003)

2. Use formal methods

Generalization propositions 2.Lee & Baskerville (2003)
2. Generalizability framework
3.Level-2 inference
Making Controlled 1. Take advantage of natural 1. Lee (1989a, 1989b)
Observations conditions to validate predictions. 2. Strauss & Corbin (1967)

3. Corbin & Strauss (1990)

Take too long and result in
massive unreadable
documents

1. Adopt alternative methods to the
traditional, lengthy narrative

1. Yin (2003)
2. Darke, Shanks & Broadbent
(1998)

Table 16: Case Study Criticisms and Mitigation Strategies
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COMPLIANCE WITH THE CANONS OF SCIENCE

This section will conclude the discourse on the research methodology by showing
how the ontological, epistemological, methodological, and axiological elements of the
researcher’s view combined to produce a belief system or paradigm that satisfied the
generally accepted criteria for high-quality research.

The Canons of Science

“The major justification for the research enterprise is that we have the time and
skills to develop approximations of the truth that have a firmer warrant then common
sense.” (Firestone, 1990, p. 123) The approximation of truth spans the paradigmatic
continuum from subjectivist idealism to objectivist realism and includes “. . .
fundamental properties which are regarded as essential for any empirical science
whatsoever.” (Kaufmann, 1942, pp. 458-459) Four generally accepted criteria for high-
quality research compose the Canons of Science and answer the following questions
(Guba & Lincoln, 1985, p. 290):

1. Truth Value: How can one establish confidence in the truth of the findings of a
particular inquiry for the subjects (respondents) with which and the context in which the
inquiry was carried out?

2. Applicability: How can one determine the extent to which the findings of a

particular inquiry have applicability in other contexts or with other subjects
(respondents)?

3. Consistency: How can one determine whether the findings of an inquiry would

be repeated if the inquiry were replicated with the same (or similar) subjects

(respondents) in the same (or similar) context?
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4. Neutrality: How can one establish the degree to which the findings of an
inquiry are determined by the subjects (respondents) and conditions of the inquiry and
not by the biases, motivations, interests, or perspectives of the inquirer?

Researchers grounded in both quantitative and qualitative methods can rely on
these higher-level Canons of Science to ultimately arrive at well-reasoned conclusions.
Felix Kaufmann [1985-1949], in his paper The Logical Rules of Scientific Procedure,
addresses the requirement for a researcher to . . . formulate the rules which the scientist
wants to comply with to make the implicitly implied canons of inquiry specific.” (1942,
p. 458) Strauss and Corbin (1998) address qualitative research and suggest that:

. . . the usual canons of good science should be retained, but require

redefinition in order to fit the realities of qualitative research, and the
complexities of social phenomenon that we seek to understand. (p. 250)

A large number of scholars have contributed specific criteria to satisfy the Canons of
Science from a number of paradigm positions (see Denzin & Lincoln, 2000, p22; Lincoln
& Guba, 2000, p. 166; Whittemore, Chase & Mandle, 2001, p. 529 for complete listings).
Table 17 shows the Canons of Science and the generally accepted design quality concepts
that are invoked for both the positivist and naturalist paradigms and the associated

quantitative and qualitative research methods.

Canon of Science Quantitative Research Qualitative Research
Methods and Positivist | Methods and Naturalist
Paradigm Paradigm
1. Truth Value Internal Validity Trustworthiness or
Credibility
2. Applicability External Validity or Transferability
Generalizability
3. Consistency Reliability Dependability or
Auditability
4. Neutrality Objectivity or External Confirmability of Data
Reliability

Table 17: Canons of Science and Design Quality Concepts
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The Canons of Science and the Research Study

The design quality concepts that were invoked within the Canons of Science for
the this research were as follows:

Internal Validity (Truth Value)

Ducasse (1951a, 1951b) reports that an important element of Whewell’s concept
of the Inductive process included the decomposition of facts where Whewell (1858)
states:

When we inquire, what facts are to be made the materials of Science,

perhaps the answer which we should most commonly receive would be,

that they must be True Facts, as distinguished from any mere inferences or
opinions of our own. (p. 51)

The internal validity of the framework was reinforced through the use of an outside
expert where ali of the objectively collected data was evaluated to ensure that personal
bias had not entered the collection process.

“The concern over internal validity, for the case study element of the research,
may be extended to the broader problem of making inferences. Basically, a case study
involves an inference every time an event cannot be directly observed.” (Yin, 2003, p.
36) The researcher endeavored to show the plausibility of the research findings against
the relationships contained in the research questions. Triangulation, the combination of
research techniques, was included as a purposeful element of the research design. “The
effectiveness of triangulation rests on the premise that the weaknesses in each single
method will be compensated by the counter-balancing strengths of another.” (Jick, 1979,
p. 604) Data Triangulation was achieved by collecting data from different sources over
different time-scales by doing multiple case studies. Theoretical Triangulation was

invoked by applying systems principles to the discipline of software engineering.
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Method Triangulation was included through the use of both qualitative and quantitative
methods. The use of multiple methods of triangulation ensured that the research was
more robust and valid (White, 2000).

External Validity or Generalizability (Applicability)

External validity refers to the extent to which the research results may apply to
situations beyond the immediate research. For generalizations related to inductive
reasoning Hans Selye [1907-1982] wrote:

Those who object to inductive reasoning do not realize that what they

actually deplore is the unwarranted confidence in a general law. To

inspire confidence, a generalization must be based on as many

observations as possible. However, once formulated on the basis of a

given number of data, it is neither more nor less likely to be correct as a

general law than as a guide permitting correct deductions in new
particular instances. (1964, p. 283)

In order to ensure the external validity of the inductively developed framework a panel of
experts was used to evaluate the both content and face validity of the framework
elements.

For case studies a mode of generalization called analytic generalization (which is
contrasted against the well know statistical generalization) was used. “In analytical
generalization, the investigator is striving to generalize a particular set of results to some
broader theory.” (Yin, 2003, p. 37) For this research it was the inductively developed
systems-based framework for the analysis of software development project performance
which was used as a template for comparing the empirical results of the case study data;
following the Type ET Generalizability reported by Lee and Baskerville (2003). External
validity was supported through the use of replication logic in the form of a multiple-case
design (n > 1). “The use of multiple cases is desirable because it allows for cross-case

analysis and the extension of theory.” (Benbasat, Goldstein & Mead, 1987, p. 373)
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Reliability (Consistency)

The goal of reliability is . . . whether the study is consistent, reasonable stable
over time and across researchers and methods.” (Miles & Huberman, 1994, p. 278) The
objective quality evidence for reliability is the ability of a future researcher to follow the
same procedures described by the initial researcher, on the same case study, and arrive at
the same findings and conclusions. To ensure replication and controls, both elements of
the research, like any other empirical experiment must:

Make as many steps as operational as possible and to conduct research as
if someone were always looking over your shoulder. (Yin, 2003, p. 38)

Reliability ensures the congruence between the research problem and the data, methods
and analysis techniques used by the researcher. The detailed procedure in Chapter 4 was
provided to ensure methodological reliability.

Objectivity (Neutrality)

Objectivity addresses “. . . the issue of whether independent researchers
would discover the same phenomena or generate the same constructs in the same
or similar settings.” (LeCompte & Goetz, 1982, p. 32) The external reliability of
the inductive element of the study was enhanced by addressing four areas
recommended by LeCompte & Goetz (1982). (1) The researcher’s role in the
study was mitigated through the use of an outside expert and panel of experts. (2)
“Every concept brought into the study or discovered in the research process was
at first considered provisional. Each concept earns its way into the theory by
repeatedly being present in interviews, documents, and observations in one form
or another — or by being significantly absent.” (Corbin & Strauss, 1990, p. 7). In

addition, the data chosen for the induction was reviewed by an outside expert
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prior to its inclusion. (3) The analytic constructs of the framework were
developed as part of a detailed procedure in Chapter 4. The organization of the
empirical data and resulting stream of subcategories, categories, and constructs
were linked to the theoretical foundation for the induction. (4) The methods of
data collection and analysis were supported by precise identification and thorough
description of the collection and analysis processes.

The case study element of the research also addressed objectivity in three
ways. (1) By utilizing multiple sources of evidence during data collection, which
provided for both converging lines of inquiry (that permit data triangulation and
ensure internal validity) and multiple measures of the same phenomenon; (2) by
establishing a chain of evidence during data collection; and (3) having key
stakeholders review the draft case study report.

In summary, the four relevant quality concepts were invoked throughout the
study. They started in design and were present in data collection, data analysis and the
publication phases of the research study. The four quality indicators were measures of

the research and its conformance to the Canons of Science.
SUMMARY

This chapter has described the high-level research and dissertation concept and
provided a detailed description of the research paradigm in terms of both the researcher’s
view and the problem under study. The linkage between the researcher’s view, the
problem under study, and the Canons of Science (see Figure 14) is of significance
because it frames the research study and all of the elements that influence the study. The

chapter addresses each element to explicitly state the researcher’s perspective. It has
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provided rationale for the selection of the mixed-method design and reviewed the
challenges presented by both the inductive and case study elements of the research and
how the research complied with the Canons of Science.

The chapter has explicitly addressed the challenges to the inductive and case
study elements of the research methodology and shown how each method satisfactorily
complies with the Canons of Science. The four generally accepted criteria for high-
quality research (Guba & Lincoln, 1985) were used to judge the adequacy of the research
study. Each of the four criteria were examined without reference to either the
qualitative/quantitative method or the positivist/naturalist paradigm. The design quality
concepts invoked for the research satisfactorily complied with the Canons of Science.

The generalized methodology and paradigms described in this chapter provide the
methodological support for the following chapter. The next chapter will provide an
outline of the research design and the specific details of the methods, procedures, and

techniques used in the two primary elements of the research.
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CHAPTER IV: RESEARCH DESIGN, METHODS, AND
PROCEDURE

This chapter discusses the assumptions and rationale that support the selection of
the research method, lays out the research design and concludes with a discussion of the

procedures and techniques of the two primary elements of the research.
THE RESEARCH DESIGN

Beginning with the formulation of the research purpose, as articulated in the
research questions and propositions, the research plan moved through framework
development, data requirements and structure, data collection and analysis, and
publication. Other key aspects of the research plan included the role and influence of
scholarly and professional literature and the Canons of Science and Research Paradigm.
Figure 21 is the high-level research design, methodological elements, and study phases.

Qualitative Element of the Research Design

Phase 0 - Research questions and propositions

Definition of the principal research questions was the goal of this phase. The
research addressed both the substance (what is the study about?) and form (who, what,
where, why, or how questions?) during the development of the questions. Propositions
directed the research focus to what was examined within the scope of the study. Stating
specific propositions ensured that the research moved in the right direction and acted as a
starting point for relevant evidence. The propositions served as a blueprint for the study
and provided strong guidance in determining what data to collect and the strategies for

analyzing the data.
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Figure 21: High-Level Research Design and Study Phases

Phase 1 - Framework Development

In this phase initial theory was developed from the literature. The initial idea or

conception regarding a holistic, structured, systemic framework for software

development projects was the object of the study. This phase was highly qualitative and
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relied on inductive theory building to construct the software systems engineering
framework. “For case studies, theory development as part of the design phase is
essential, whether the ensuing case study’s purpdse is to develop or test theory.” (Yin,
2003, p. 28) The framework was validated using the quantitative case study method of
Yin (2003), described in the next phase of the research design.

Quantitative Element of the Research Design

Phase 2 - Data Requirements and Structure

The researcher selected two software development projects for use as validating
case studies. The criteria utilized for the selection of each of the case studies was an
important element of the research as the criteria have a direct impact on the ability to
make generalizations based on the findings of the study. Once selected, the intrinsic
characteristics of each software development projects were defined. The high-level
characteristics of each project were captured and serve as a classification guide and
measure of comparison for future research.

In ‘order to avoid being overwhelmed with mountains of data, an analytic strategy
that specified who and what was and was not studied was constructed using the
guidelines developed by Miles and Huberman (1994). The analytic strategy included
several specific methods for data collection and analysis related to software engineering
(Seaman, 1999). Throughout, particular attention was paid to the data design to ensure
that the measures of design quality in Table 14 were met throughout the study.

Phase 3 — Data Collection and Analysis

This phase of the research design was centered on analysis of the empirical data
from the two case studies. Case studies use a mode of generalization called analytic

generalization, which is contrasted against the well know statistical generalization (Yin,
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2003). In analytic generalization the framework developed in Phase 1 was used as a
template for comparing the empirical results of the case study data specified in Phase 2.
Yin recommends an information systems research paper by Markus (1983) as an
excellent example of a case study that was used to validate theory.

Two cases were used to permit cross-case analysis and the extension of theory
(Benbasat, Goldstein & Mead, 1987). Triangulation, the combination of research
techniques, was included as a purposeful element of the research design. The use of
multiple methods of triangulation ensured that the research was more robust and valid
(White, 2000). Methods included: (1) Data Triangulation, which was achieved by
collecting data from different sources over different time-scales using multiple case
studies; (2) Theoretical Triangulation, which was invoked by applying systems principles
to the discipline of software engineering; and (3) Method Triangulation which was
included through the use multiple techniques for gathering sources of evidence for the
case studies (Zelditch, 1962).

A comprehensive set of rules, presented in the research procedure were applied
throughout data collection and analysis. This tact provided an additional level of rigor to
the technique and further mitigated many of the criticisms focused on case study
research.

Reporting Element of the Research Design

Phase 4 - Publication

The final phase of the research design coherently published the research findings.
This dissertation was the principal publication. A secondary publication, in the form of
an article in a scholarly journal, will be produced in order to extend the research findings

to a wider audience.
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Although the representation of the research design in Figure 21 shows a linear

progression of research study phases, it is also beneficial to look at the research from the

perspective of the research purpose and research questions. In doing so, the research

consisted of two primary elements; qualitative framework development using inductive

theory building and quantitative framework validation using two case studies. A clear

distinction between the two methodological elements was made because the activities,

techniques, procedures, and methods used, and the outputs are different for each. Table

18 describes the major elements of the research.

Data Data Relationship
Research Collection | Data Collection Analysis Data Analysis Expected to Research
Element Methods Reference Methods Reference Outputs Questions
Theoretical | Literature Snyder (1997a) | Inductive Carlile and Holistic, Supports
Framework | review using | Ducasse (1951a, | Theory Christensen structured Research
Development | Discoverers’ | 1951b) Building (2005) framework Question #1
Induction. Miles & using Corbin & for software
Huberman, Discoverers’ | Strauss (1990) development
(1994) Induction Glaser & projects
Strauss (1967)
Strauss &
Corbin (1998)
Framework | Case study Yin (2003) Case Study | Yin (2003) Framework Supports
Validation | method Miles & Validation Research
Huberman Question #2
(1994)

established body of knowledge on the subject. The design invoked the Canons of

Table 18: Elements of the Research Design

In summary, the research design presented in this section is a compilation of the

Science as measures of design quality, conformed with the rules for qualitative analysis

(Munck, 1998), followed the procedures for qualitative data analysis (Miles and

Huberman, 1994), and invoked the rigor of the empirical method for case study research

(Yin, 2003). The use of these systematic methods and formal procedures were strategies

to mitigate criticisms leveled at methods, procedures, and techniques, but it was up to the
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researcher to do systematic and careful work. The two major sections that follow will

discuss the methods and procedures used in each research element.
METHOD FOR THE THEORETICAL FRAMEWORK DEVELOPMENT

The holistic, structured, systemic framework for software development projects
developed in fhis résearch element not only provided the conceptual basis for
understanding the context surrounding software development projects, but supported the
development of formal methodologies that can be used by software practitioners to
improve softWare development project performance. The strength of the framework Was
based upon being grounded in the theoretical constructs derived from the application of
systems theory to software development projects.

Development of the framework used an inductive method called Discoverers’
Induction, with the categories, attributes, relationships, properties, and dimensions of the
framework drawn directly from the inductive theory building method. In order to better
understand this research element a review of the theoretical basis for and procedure used
in building the framework are warranted.

Models. Frameworks, and Theory

A framework, in the context of this research is a type of model; a conceptual
model that can be applied to carry out some specific purpose, function or task. Modeling
theorist Peter Achinstein (1965) states that

Models may refer to anything from a physical construction in a display

case to an abstract set of ideas . . . a consideration of them will illuminate

the structure, interpretation, and development of scientific thinking. (p.

102)

A scientific model is defined to be (Bailer-Jones, 2003):
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An interpretive description of a phenomenon (object or process) that
Jfacilitates perceptual as well as intellectual access to that phenomenon.
‘Description’ is intended as a term wide enough to admit various forms of
external representations, propositional or non-propositional. A model is
not, however, a description in the trivial sense of a mere
phenomenological description of a phenomenon. It gives a description
that is an interpretation in that the description goes beyond what ‘meets
the eye’, e.g. by exploiting a theoretical background that is relevant to
interpreting the phenomenon. (p. 61)

This is an important definition because . . . scientific models are often contrasted with
scientific theories.” (Nagel, 1961, pp. 96-97) However, “. . . theories are not about the
empirical world in the same concrete sense as models . . . models, by their very
constitution, are applied to concrete empirical phenomena, whereas theories are not.”
(Bailer-Jones, 2003, pp. 61-62) The conceptual model, or framework, developed in this
research was generated using systems principles, systems theory, systems thinking, and
systems practice to explain the relationship to software development project performance.
“The use of a framework allows us to express a greater number and a larger variety of
observational facts and — this is crucial — to explain these facts.” (Maxwell, 1962, p. 136)
Frameworks can include representations that range from localized observations to highly
abstracted global generalizations. Figure 22 is the framework representation continuum

that shows the relationship of frameworks to data, models, theories and paradigms.

Localized Global
Observations Generalizations
< l | | | >
Data Models Theories Paradigms

Figure 22: Framework Representation Continnum

Adapted from a Figure in Pemberton, M.A. (1993). “Modeling Theory and Composing
Process Models,” College Composition and Communication, Vol. 44, No. 1, p. 43.
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The term representation points to characteristics of scientific models that cannot be
captured in ‘an account that exclusively relies on only propositions (Bailer-Jones, 2003).
Giere (2004) states that . . . scientific representation is to be understood as a two-place
relationship between statements and the world. ' A focus on the activity of representing
fits comfortably with a model-based understanding of scientific theories.” (pp. 743-744)

Figure 23 relates the roles of models with principles and generalized hypotheses and

Principles plus Specific
Conditions

Scientists generate Models
using Principles and
Specific Conditions

Models

'

Hypotheses and Generalizations

Attempts to apply Models
to the World generates

The World

Figure 23: Model-based Understanding of Theories

Adapted from a Figure in Giere, R.N. (2004). “How Models are Used to
Represent Reality,” Philosophy of Science, Vol. 71, No. 5, p. 744.

shows: (1) how scientists generate models using principles and specific conditions; (2)
how the application of models to the world generates hypotheses about the fit of the
model to particular things in the world; and (3) how hypotheses may be generalized
across previously designated classes of objects. The next section will discuss the role of

the framework in the development of theory.
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Runkel and Runkel (1984) remind us that . . . theory belongs to the family of

137

words that include guess, speculation, supposition, conjecture, proposition, hypothesis,

conception, explanation, and model.” (pp. 129-130) Karl Weick (1995) states that a

theory is a . . . continuum rather than a dichotomy,” (p. 386) and differentiates between

theory and theorizing as:

Theory work can take a variety of forms, because theory itselfis a
continuum, and because most verbally expressed theory leaves tacit some
key portions of the originating insight. These considerations suggest that
it is tough to judge whether something is a theory or not when only the
product itself is examined. What one needs to know, instead, is more
about the context in which the product lives. This is the process of

theorizing. (p. 387)

Weick’s cautionary note to researchers includes his belief that most theories approximate

rather than realize the conditions for strong theory. He goes on to state that most
products that are labeled theory actually approximate theory and suggest that these

approximations take one of four forms described by Robert K. Merton [1910-2003] in

Table 19 (Merton, 1968, p. 140; Weick, 1995, pp. 385-386).

Product

Characteristics

General Orientations

Broad frameworks that specify the types
of variables people should take into
account, without any specification of
relationships among these variables.

Analysis of Concepts

Concepts are specified, clarified, and
defined but not interrelated.

Post factum Interpretation

Ad hoc hypotheses are derived from a
single observation, with no effort to
explore alternative explanations or new
observations.

Empirical Generalization

An isolated proposition summarizes the
relationship between two variables, but
further interrelations are not attempted.

Table 19: Forms of Theory and Characteristics

Weick (1989) provides a broad statement about theories when he states that they:
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. . . involve so many assumptions and such a mixture of accuracy and
inaccuracy that virtually all conjectures and all selection criteria remain
plausible and nothing gets rejected or highlighted. (p. 521)

He counsels those building theories to move toward theories of the middle range or
toward theories that are nearly theories. Merton (1968) defines theories of the middle
range as:
Theories that lie between the minor but necessary working hypotheses that
evolve in abundance during day-to-day research and the all-inclusive
systematic efforts to develop a unified theory that will explain all the

observed uniformities of social behavior, social organization and social
change. (p. 39)

Merton states that middle-range theory is principally used to guide empirical inquiry.
The abstractions contained in middle-range theories are close enough to the observed data
that they may be incorporated in propositions that can be validated empirically. Weick
" (1989) believes that the rationale for moving toward middle-range theories is as follows:
Middle range theories are solutions to problems that contain a limited
number of assumptions and considerable accuracy and detail in the
problem specification. The scope of the problem is also of manageable
size. To look for theories of the middle range is to prefigure problems in

such a way that a number of opportunities to discover solutions is
increased without becoming infinite. (p. 521)

Both Weick (1974) and Bourgeois (1979) address middle-range theorizing. Weick’s
efforts are directed at moving systems theory from the category of grand theory to the
category of theories of the middle range while Bourgeois addresses methodological
issues as how to organize the theory-building effort. Bourgeois (1979) suggests that

middle-range theoretical work includes the activities in Table 20.
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Step Description
Partitioning of the Field Clarification of the purpose, objectives, questions
and propositions to be answered.
Method of Theory e Inductive Inference. Starts with observations of
Construction a set of phenomena, after which one arrives at
general conclusions.
e Deductive Inference: Starts with general
knowledge and predicts a specific observation.
Review of Literature Selective reading of the writings relevant to one’s

work, which should include the classics.

Construction of Theory

Generation of a theory through comparative
analysis of empirical laws and substantive theories.

Extension of Theory

Generalization.

Metaphysical Elaboration

A receptacle for the occasional intuitions that
surface into consciousness as one pursues the
theory-building task.

Conclusion

Statements describing the theory.

Table 20: Bourgeois’ Theory-Building Format

Freese (1980) proposes two independent strategies for theory construction in

Table 21 that can be used to explain and predict the phenomena of real, complex, and

usually contemporary social systems.
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Features Generalizing Theoretical Strategy Pure Theoretical Strategy
Objective To explain and to generalize about | To predict the behavior of lawful
lawful phenomena in open systems | phenomena in closed systems.
Structure Systematic and contains ordinary Formal and contains no ordinary language.
language
Presentation | Nomothetic universal or statistical Nomothetic statements expressed in
generalizations of non-limited universal or statistical form and having
spatio-temporal scope, having high | high information content, but they are not
information content, and describing | meant to be generalizations about the
some regularity that observations of | world of everyday experience, and
the world should confirm. describing some regularities that exist in a
theoretically possible world but not in the
actual world.
Method Inductive abstraction. Idealization.
Result Consolidation of theories or data. Cumulation of theory some of which could
have engineering applications.
Theory Summarizing information, in an Describing some idealized state of affairs
Structure abstract and general form, that can | in a closed system, with laws describing
be used to explain or predict the invariances of the system, and then
particular empirical cases that fall they are used for calculating changes in the
within the scope of the theory. system when other things are equal.
References Blau (1970) White (1970)
Kelley & Thibault (1978) MacKenzie (1976)

Table 21: Strategies for Theory Construction and Features
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Based on the review of the literature on framework models and theory
development, the qualitative element used in this research was bounded by the following:
1. The holistic, structured, systemic framework for software development

projects addresses open systems and was developed using a generalizing

theoretical strategy and an inductive method.

2. The framework is an approximation of theory, residing on the theory

continuum as a theory of the middle range, and as such is not expected to be

an ultimate outcome of theory.
The next section will describe the theoretical basis for the inductive method, using both

the classics of science and modern interpretations.

Theoretical Basis for Inductive Theory Building

W. Stanley Jevons [1835-1882] writes, in his most important published

work, The Principles of Science (1877/1913):

Induction is the inference of general from particular facts . . . induction is,
in fact, the inverse operation of deduction, and cannot be conceived to
exist without the corresponding operation, so that the question of relative
importance cannot arise. (p. 121)

And goes on to state the important characteristics of induction:

The truths to be ascertained are more general than the data from which
they are drawn. The process by which they are reached is ‘analytical,’
and consists in separating the complex combinations in which natural
phenomena are presented to us, and determining the relations of separate
qualities. Given events obeying certain unknown laws, we have to
discover the laws obeyed. Instead of the comparatively easy task of
finding what effects will follow from a given law, the effects are now given
and the law is required. We have to interpret the will by which the
conditions of creation were laid down. (p. 212)

John Dewey [1859-1952] gave a concise high-level overview of the inductive method:
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With respect to the formulation of the inductive procedures of ancient and
modern science respectively there exists a ‘verbal’ similarity. Both start
from scattered data (or particulars) and move toward institution of
generalizations. But the similarity does not extend beyond the vague
formula of ‘going from particulars to generals.” For (1) particulars are
conceived in radically different ways and (2) the process of ‘going,’ or the
way in which generals are arrived at from particulars, is very different.
(1938, p. 422)

Many of the early philosophers subscribed to the inductive method and include
Francis Bacon [1561-1626], John Locke [1632-1704], David Hume [1711-1776],
and John Stuart Mill [1806-1873]. John Venn [1834-1923] describes the general
steps in induction:

Hence we may lay it down generally that a complete process of inductive
discovery , -- if we suppose such a process to commence at the point at
which an original investigator must be assumed to have started, and not to
terminate until a sound and cautious investigator may be supposed to
regard the conclusion as proved, -- must contain the three following steps:

(1) There is first a stroke of insight or creative genius demanded in order
to detect the property to be generalized, and possibly also to distinguish
the class over which this property is to be generalized. . . .

(2) Then follows a more formal process, namely that of generalization . . .
it is at this stage that we must claim a place for the so-called Methods of
Inductive Enquiry, such as the Methods of Agreement, of Difference, and
so forth. . . .

(3) Thirdly, there is a final verificatory stage. . . . Now one kind of
verification, and, for scientific or logical purposes, the most important
kind, consists of a deductive process. We confirm the inferred
generalization, or we may even succeed in absolutely demonstrating it, by

showing that it follows from a combination of various known laws. . . .
(1907/1973, pp. 352-354)

The inductive method adopted for this research, Discoverers’ Induction, adheres
to Venn’s generalized process.

Discoverers’ Induction is an inductive method attributed to William Whewell
[1794-1866], a polymath who . . . ranks among the major figures in 19™-century

philosophy of science.” (Laudan, 1981, p. 163) “Indeed, Whewell was the first author
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who formulated the structure of science in the way in which it is conceived today.”
(Frank, 1957, p. 303) Venn states that “Whewell’s works are comparatively not much in
vogue at the present day, but the aspect of Induction which he thus emphasized is one
which we certainly ought to keep in view.” (1907/1973, p. 356) Ducasse comments on
Whewell’s importance by stating that “Whewell is the first to formulate a comprehensive
and systematic theory of induction throughout in terms of the so-called Newtonian
method of Hypothesis — Deduction — Verification.” (1951b, p. 234)

Overview of the Inductive Theory Building Method

Whewell’s method of induction was concerned with the process by which science
comes into being and has three distinct processes. The first two processes are distinctly
inductive and third process involves verification of the inductively obtained hypotheses.

Whéwell ’s Process of Colligation

“Colligation is the mental operation of bringing together a number of empirical
facts by superinducing upon them some idea or conception that unites the facts and
renders them capable of being expressed by a general law.” (Snyder, 1997a, p. 585) The
process of colligation is the purposeful action in which the researcher supplies something
to the facts (in this case it is the holistic, structured, systemic view of software
development projects), which causes them to be seen from a new point of view. Kaplan
(1964) writes that . . . a conception belongs to a particular person.” (p. 48) “One of
Whewell’s important contributions is his recognition that finding the proper conception
with which to colligate the known facts is the crucial — and often extremely difficult —
step in scientific discovery.” (Snyder, 1997a, p. 586, her emphasis) Whewell (1849)
remarks that . . . there is a special process in the mind, in addition to the mere

observation of facts, which is necessary.” (p. 40) This special process in Discoverers’
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Induction is inductive inference, specifically, the inference from observations and
background information to the hypothesis (Snyder, 1997a). Whewell has designated it a
process because finding a property shared by known members of a class typically
involves a number of inferences. This series of inferences from observations and
contextual information is a process which Whewell called a train of researches. (1857)
The train of researches may include enumerative, eliminative, causal, and analogical
‘inferences.

This element of Whewell’s method of induction clearly distinguishes him from
the other 19th-century philosophers of induction. “Whewell believed with Kant
[Immanuel Kant, 1724-1804] in the great importance of the linguistic material produced
by our minds for the advance of science and contributed in this way a great dealto a
better understanding of what the structure of science is.” (Frank, 1957, p. 307) Induction
by new concepts has had a significant impact in the advance of science and modern
discovery (Frank, 1957). John Kemeny [1926-1992] commented that induction is clearly
a much more useful thing than deduction and stated:

Induction tells us things we did not know before, whereas deduction only

tells us things we knew already but did not realize we knew. (Kemeny,
1959, p. 113)

Whewell’s Process of Generalization

The second process addresses generalization. When Whewell talked about
generalization he was being fairly specific. In this case generalization requires the
researcher to find a property in a group of facts (i.e. é property that is shared by the
known members of the class) that can be projected onto the unknown members of the

class as well. The use of enumerative, eliminative, causal, and analogical reasoning may
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be used in reaching the conclusion that observed members of a class share a property and
form the basis for generalization to all members of the class. Whewell’s inclusion of the
process of generalization clearly separates him from the later work of Mill and is the
source of much debate (Strong, 1955; Walsh, 1962). “Whewell’s inductivism, in contrast
to Mill’s, involves an inference or series of inferences from observations to a property or
cause shared by observed members of the class, which is then generalized to all members,
including the unobserved ones. This extra, inferential, element allows for the
generalization of a property or cause instances of which may not have been observed, and
which may even be unobservable.” (Snyder, 1997b, pp. 194-195). John Dewey (1938)
stated that inductive inference involves extension beyond the scope of already observed
objects and the outstanding fact of scientific inductive inference is, namely, controlied
reconstitution of the singulars which are the ground of generalizations. “This
reconstitution is so effected as to determine what goes on in the way of interaction in a
singular case. Inference from one to all is completely and exclusively determined by
prior experimental operations through which the one has been determined to be an
exemplary specimen of an order of interactions or of functional correlations of variations.
This order, when it is ascertained, is the generalization.” (Dewey, 1938, pp. 439-440)
The inclusion of the concept of generalization to the unobservable, widely accepted in
modern scientific research, was an essential factor in the selection of Whewell’s method
for this research.

Whewell’s Process of Verification

The third and final process is where the inductively obtained hypothesis is

validated by empirical consequences. Whewell’s verification criteria included:
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prediction, consilience, and coherence (Snyder, 1994). When he included prediction he
was referring to . . . the hypothesis’ ability to foretell phenomena which have yet to be
observed; at least all phenomena of the same kind as those which the hypothesis was
invented to explain.” (Whewell, 1858, p. 86) Whewell also stated that . . . the prediction
of results, even of the same kind as those which have been observed, in new cases, is the
proof of real success in our inductive processes.” (Whewell, 1858, p. 87) When Whewell
spoke of consilience he was referring to the hypothesis’ ability to explain and predict
cases of a different kind from those which were contemplated in the initial formation of
the hypothesis. When this occurs Whewell termed this a “Consilience of Inductions; that
is, two laws obtained by independent inductions and concerning apparently
heterogeneous classes of phenomena turn out to be, both of them, deducible from one and
the same hypothesis.” (Ducasse, 1951b, pp. 229-230) The final criterion, coherence,
deals with the adequacy of the hypothesis. The hypothesis should be sufficient to explain
“. .. some view of the subject which is consistent with a// the observed facts.” (Whewell,

1858, p. 85)
METHOD FOR THE FRAMEWORK VALIDATION

The goal of the second element of the research, and the final process in
Whewell’s Discoverers’ Induction, was to validate the inductively developed holistic,
structured, systemic framework for software development projects using actual real-
world software development projects. Framework validation was a deductive act in
which the researcher explored whether or not the same relationships existed between the
framework attributes and outcomes by using a different set of evidence (i.e. the case

studies) from which the framework was induced. This was the principal output of phases
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2 and 3 in the research design and used a case study methodology to validate the
framework. The criteria utilized for the selection of each of the case studies was an
important element of the research as the criteria have a direct impact on the
generalizations that may be drawn from the findings. Once selected each case was
characterized using a formal project model which served as a guide for future
researcher’s who may study software development projects using the framework.

Theoretical Basis for the Use of Case Studies

Creswell (2003) reports that Case Study research is well suited for issues and

questions:

.. . in which the researcher explores in depth a program, an event, an
activity, a process, or one or more individuals. The case(s) are bounded
by time and activity, and researchers collect detailed information using a

variety of data collection procedures over a sustained period of time. (p.
15)

Leedy and Ormrod (2001) state:

A case study may be especially suitable for learning more about a little
know or poorly understood situation. It may also be useful for
investigating how an individual or program changes over time, perhaps as
the result of certain circumstances or interventions. In either event, it is

useful for generating or providing preliminary support for hypotheses. (p.
149)

Yin states that a case study is an empirical inquiry that (2003, p. 13-14):

v’ Investigates a contemporary phenomenon within its real-life context especially
when the boundaries between the phenomenon and context are not clearly
evident.

v' Copes with the technically distinctive situation in which there will be many more
variables of interest than data points, and as one result relies on multiple sources

of evidence, with data needing to converge in a triangulating fashion, and as
another result.

V' Benefits from the prior development of theoretical propositions to guide data
collection and analysis.
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Case studies combine data collection methods such as archives, interviews,
questionnaires, and observations. The data may be either qualitative (e.g., words) or
quantitative (e.g., numbers), or as was the case, both. Case studies are used to provide
description, validate theory or generate theory (Eisenhardt, 1989). However, the decision
to use a case study approach was not clear cut. Table 22 reviews the terminology used in

case study research against the traditional research phase as reported by Yin (2003) and

Bonoma (1985).
Research Phase Yin’s Framework | Benoma’s Framework
(2003) (1985)

Exploration Description Drift

Hypothesis generation Exploration Design

Hypothesis validation
Confirmation Explanation Prediction
Disconfirmation Explanation Disconfirmation

Table 22: Terminologies used for Research Phases in Case Study Methods

Adapted from Benbasat, I., Goldstein, D.K. & Mead, M. (1987) “The Case Research
Strategy in Studies of Information Systems,” MIS Quarterly, Vol. 11, No. 3, p. 372.

A critical assumption in deciding to use a case study method for validation of the -
framework was that the boundaries of the case were not clearly evident at the outset of
the research and that no experimental control or manipulation was going to be used.
Specifically, the researcher had less a priori knowledge of what the variables of interest
would be and how they were to be measured (Benbasat, Goldstein & Mead, 1987). The
distinguishing characteristics of case studies were useful in helping to understand the
strengths of the method. Table 23 presents the strengths of case studies against the most
common characteristics.

Overview of the Case Study Method

The case study method permitted the researcher to gather extensive evidence from
the object of the study. “Evidence may come from six sources: documents, archival

records, interviews, direct observation, participant-observation, and physical artifacts.”
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(Yin, 2003, p. 83) Because the researcher was looking into the past both direct
observation and participant-observation were eliminated as potential data collection
methods. The evidence from the cases were collected, analyzed, and interpreted. The

generalization method for case studies was analytic generalization.

Strength of Case Study Approach

Associated Case Study Characteristic

The ability to investigate a contemporary
phenomenon within its real-life context permits
the researcher to include the rich human
element that surrounds the problem.

Phenomenon is examined in a natural setting.

Case studies are able to use multiple data
sources. While no individual source is deemed
“best” the use of various sources is a highly
complementary practice enabling the researcher
to use triangulation as a method for ensuring
the quality of the design (i.e., internal validity).

Data are collected by multiple means that
include: (1) documentation, (2)-archival
records, (3) interviews, (4) direct observations,
(5) participant-observation, and (6) physical
artifacts. (Yin, 2003, p. 85)

Permits the researcher to include multiple
views in the analysis.

One or few entities (person, group, or
organization) may be included in the study.

The complex nature of the unit of analysis (i.c.,
a software project) is studied from a variety of
perspectives invoking the Principle of
Complementarity.

The complexity of the unit of analysis is
studied intensively.

The case is viewed in the natural setting and
does not require control over behavioral events.

No experimental controls or manipulation are
involved.

The researcher does not have to design
experiments using control and independent
variables.

The investigator may not specify the set of
independent and dependent variable in advance.

The method is flexible enough to allow for
redesign.

Changes in site selection and data collection
methods could take place as the investigator
develops new hypotheses.

How and why questions are more explanatory
and deal with operational links that need to be
traced over time. This is in sharp contrast to
the more traditional frequency or incidence of
objectivist approaches.

Useful for the study of Aow and why questions.

Table 23: Strengths of Case Study Approach

Analytic generalization involved generalizing to a theory or in this case a framework—
not to a population. The case study evidence was used as the basis for the validation of
the framework developed in the previous inductive method. The real-world behaviors
discovered in the case studies rendered judgment with respect to the framework’s ability
to predict performance behaviors based on the frameworks constructs and measurement

objects.
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Organization of Details about the Case

Formal analysis required an analytic strategy, in this case, one that was broad
enough to address the conduct of analysis at the level of the whole case. The case-based
analytic strategy relied on the theoretical propositions and research questions that framed
the overall research study, forcing them to guide and shape the data collection plan. The
analytic strategy had three sections: (1) formulation, (2) quantitative and qualitative
analysis, and (3) interpretation. The analytic strategy was the guide for the remaining
processes in the case study method.

Collecting the Evidence

The researcher collected evidence from each of the software development projects
or cases. This used the 1" section of the analytic strategy, formulation, where the
quantitative and qualitative approach used in the analysis was developed. For this
research the evidence included documents, archival records, interviews, and physical
artifacts. The collection techniques for most of the evidence were very straightforward.
However, the use of interviews, in the form of a questionnaire was more problematic, and
was fully addressed in Sub-Step 13-2.

Analyzing and Interpreting the Evidence

The researcher organized, analyzed, and interpreted the collected evidence. This
process used the 2" section of the analytic strategy, where quantitative and qualitative
analysis served as a guide for the researcher during analysis of the evidence. Seaman
recommended the use of coding as a valid method for software engineering studies

- because coding is able to extract values for quantitative analysis from primary qualitative

data (often collected from documentation, records, interviews, and questionnaires) in
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order to perform some type of quantitative or statistical analysis (Seaman, 1999). The
techniques for open and axial coding axial, from the grounded theory method, were also
utilized in this process. The decision to use a software tool to assist with the coding of
the data was a function of the large volume of data associated with each of the case
studies. The overall goal of this process was to derive meaning from the case study
evidence in order to reflect any relationships that may emerge.

Reporting the Case Studies

The researcher was required to bring the results and findings to closure in a
report. For this research the dissertation was the principal publication. A secondary
publication, in the form of an article in a scholarly journal, will be produced in order to

extend the research findings to a wider audience.
THE DETAILED RESEARCH PROCEDURE

The detailed research procedure implemented the research design and supporting

methods. As Philosopher Ernest Nagel [1901-1985] stated:

Every branch of inquiry aiming at general laws concerning empirical
subject matter must employ a procedure that, if it is not strictly controlled
experimentation, has the essential logical functions of experiment in
inquiry. This procedure (we shall call it ‘controlled investigation’) does
not require, as does experimentation, either the reproduction at will of the
phenomena under study or the overt manipulation of variables, but it
closely resembles experimentation in other respects. (1961, p. 452)

The structure for the research design included three high level research elements and five
phases. The detailed procedure included two new terms; step and milestone. A step is a
specific and unique technique or procedure, taken in conducting the research. A step is

the 3™ and lowest level of the research design and supports a phase. A milestone marks a
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point in time when either a specific product was delivered or an important decision was

made.

Introduction to the Qualitative Procedure

The first nine steps in the procedure developed the framework using Whewell’s
Discoverers’ Induction. The method for Discoverers’ Induction followed Venn’s general
process of induction and was accomplished in a series of three well-defined processes.
Table 24 is the overall structure for the qualitative research element; Whewell’s
Discoverers’ Induction. 1t is interesting to note that (1) Christensen’s and Raynor’s
(2003) recent explanation of where theory comes from, (2) Bourgeois’ (1979) theory
building format in Table 20, and (3) the metatriangulation procedure of Lewis and
Grimes (1999) all conform very well to Whewell’s three processes.

The researcher augmented Whewell’s inductive method with modern qualitative
data collection and analysis techniques which facilitated the use of his method as the
basis for the research procedure. This followed the pragmatic practice of combining
techniques to obtain desired results recommended by Creswell (2003).

The following sections will discuss the detailed steps taken and milestone
delivery points during the qualitative element of the research. Phase 0 was not included
because the associated step and milestone were fully discussed in Chapter 1.

Procedure for Phase 1: Literature Database for the Induction

The goal of the 1% phase was the assembly, synthesis and verification of empirical
facts for the induction. This started when the researcher observed the phenomena under
study and carefully described what had been observed. Whewell called this the

Clarification of the Elements of Knowledge by Analysis, which focused the research
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Structure

Definition of the Element

Qualitative Element

Inductive development and verification of a structured, systemic framework for
software development.

Phase 0 Research Questions and Propositions. Definition of the principal research
questions is the goal of this phase

Step 0 Research Questions: Definition of the principal research questions is the goal of
this phase

Milestone 0 Product 0: The formal structure for the inquiry which includes the research
purpose, objectives and research questions.
Phase 1 Literature Database for the Induction: The assembly, synthesis and verification
of empirical facts for the induction.

Step 1 Selection of the Idea: The proposal of a scientific problem in the form that
includes the research purpose, objective and questions.

Step 2 Observation and Collection of Facts: This includes the development of a formal -
data collection framework, data reduction, and data display. Data collection rules
are enforced.

Step 3 Verification of Real-World Facts: A one-time expert review to verify that the

literature review in Chapter 2 has provided an appropriate range of ideas, concepts,
and theories.

Milestone 1

Product 1: A database of synthesized literature sources for the induction.

Phase 2 Inductive Development of the Framework: The holistic, structured, systemic
framework for software development projects developed in this research element.

Step 4 Decomposition of Facts: The empirical facts contained in the synthesized
literature review are broken into their basic elements.

Step 5 Classification of Facts: The classification of the collected data in an attempt to
simplify and organize the data into information groupings.

Step 6 Construction of the Conception: The development of a theoretical framework
regarding the conception and real-world software development project outcomes.

Milestone 2 Product 2: A structured, systemic framework for software development.

Phase 3 Verification of the Framework: The structured, systemic framework is verified to
ensure that it contains the requisite procedures and features, and looks like it
measures what it was intended to measure.

Step 7 Internal Procedural Verification: A formal feedback loop which permit the
theoretical proposition or framework to be verified and/or reintroduced to the
process.

Step 8 Internal Feature Verification: The framework is checked for essential features.

Step 9 External Verification: A formal content and face validation of the completed
framework is accomplished using a panel of experts.

Milestone 3 Product. A formal verification that the structured, systemic framework accurately

represents the real-world phenomena.

Table 24: Structure for the Qualitative Element

effort by establishing boundaries that both constrained and enabled the inductive method.

The principal process was colligation — “. . . whereby known facts are connected into a

law by the superinduction upon them of a conception.” (Snyder, 1999, p. 542) This was

a mental operation that focused on an idea or conception supplied by the researcher. This

was accomplished in three distinct steps.
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Step 1: Selection of the Idea
Whewell (1858) defined a conception as:
The special modification of these ideas which are exemplified in particular

facts, we have termed Conceptions; as a circle, a square number, an
accelerating force, a neutral combination of elements, a genus. (p. 31)

By explication of concepts he meant:
Their clear development from Fundamental Ideas in the discoverer’s

mind, as well as their precise expression in the form of Definitions or
Axioms when that can be done. (Whewell 1858, p. 49)

This was the process where the researcher, acting as the discoverer, brought an idea to
bear upon the formation of knowledge. For Whewell, who was also an Anglican Priest,
the source of conceptions was from the fundamental ideas that God had implanted in our
minds. For this research the source of the idea or conception was a function of the
academic training and real-world experience of the researcher.

Whewell acknowledged that this step was not assisted by a formal method but
that the discoverer must ensure that the idea is clear, appropriate and consistent. The idea
may be stated as a proposal of a scientific problem in the form of a statement concerning
some set of known facts. This step consisted of a “. . . suggestion of a conception not
before apparent which is superinduced upon the facts.” (Whewell, 1858, p. 110) This
complied with Freese’s (1980) notion that theory construction . . . typically begins with
empirically grounded, systematic discourse expressed in an ordinary language.” (p. 191)

Step 2: Observation and Collection of Facts

This step encompassed the literature review and the reduction of information
presented in the scholarly journals. “Reviewing relevant literature enhances traditional
induction by helping theorist’s link emerging theory to extant work recognizing the

influence of their own theoretical inclinations.” (Lewis & Grimes, 1999, p. 678) The
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content and structure of this initial stage of the research created a formal boundary for the
research which was clearly stated. The schema for the literature review, the scholarly
journals included in the review, and the resulting synthesis were one side of the
boundary; the side that ensured that the researcher was exposed to a range of ideas,
concepts and theories. The researcher’s conceptual lens or worldview formed the other
side of the boundary; the side that acted as a filter affecting the importance placed on the
observations made by the researcher and the decisions to include or exclude particular
elements of the observations. This resulted in «. . . facts that are both theory-laden and
value-laden.” (Guba & Lincoln, 1994, p. 105) The researcher was tasked with ensuring
that the underlying assumptions and boundaries of the research were made explicit as the
outputs of this step were the principal factual information/data sources for the first
element of the research.

During this step the empirical data were documented and measured in both words
and numbers using formal methods and techniques that were developed which address
the collection and analysis of qualitative data. Of particular importance was the
conceptual framework for the collection of data (Miles & Huberman, 1994). This
construct specified who and what was and was not studied and developed the formal
relationships that bounded the collection of data. Two concurrent flows of activity
occurred in this step: data reduction and data display. Seaman (1999) described several
qualitative methods for data collection and analysis and how they might be incorporated
into empirical studies of software engineering. Gerardo Munck’s (1998) Canons of
Research Design in Qualitative Analysis contained a summary of the issues that pertained

to qualitative and small-N research. Munck offered an extended discussion of the work
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by King, Keohane and Verba (1994), a work that has been cited as “. . . one of the best
and most important works in social science methodologies.” (Munck, 1998, p. 18;
Gerring, 2001, p. 11) The principal element of Munck’s work that was applied to this
research was the concept of a research cycle and the methodological rules for qualitative
analysis. Munck included specific questions to ensure that the data collected in this step
were replicable, reliable and valid. This mitigated many of the criticisms involving data
collection in a qualitative research setting, thereby ensuring the validity of the data,
which distinguished between the internal validity (truth value) and external validity
(generalization) described in the methodology.

Step 3: Verification of Real-World Facts

This step was a one-time feedback loop to verify that the literature review
captured all of the relevant information. The information synthesized in the literature
review was the source of empirical data for the colligation; and provided an appropriate
range of ideas, concepts, and theories. The observation and collection of empirical facts
“. .. has a direct affect on the validity of the inductively predicated allegory which
depends primarily on the quality of the data base from which the inductive inferences
were derived.” (Sutherland, 1973, p. 168) The use of an expert, outside of the researcher,
was intended to decrease research risk by ensuring that the information selected by the
researcher was adequate enough to provide a firm foundation for the induction. An
expert is defined as “. . . a person who has background in the subject area and is
recognized by his or her peers or those conducting the study as qualified to answer

questions. Questions are usually posed to the experts because they cannot be answered
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by other means.” (Meyer & Booker, 2001, p. 3) The means for gathering expert
| judgment usually involve three factors (Meyer & Booker, 2001, p. 7):

1. selecting experts according to particular criteria,
2. designing elicitation methods, and
3. specifying the mode in which the expert is to respond

The procedure for the verification of real-world facts formally addressed each of these
factors.
The selection of the expert was governed by both the professional qualifications

and availability of the expert. The professional qualifications for the expert reviewer are

listed in Table 25.
Qualification Qualification Criteria

Education Earned Ph.D. in engineering management, systems
engineering, software engineering, or related discipline.

Experience Greater than 20 years experience with both commercial and
government systems and software development
methodologies.

Reputation A recognized expert in software or systems engineering,

Publications A widely published researcher, author, and speaker.

Table 25: Qualifications for Expert Reviewer

By satisfying the qualifications in this profile the expert added additional validity to the
research study.

“Elicitation is the process of gathering the expert judgment through specially
designed methods of verbal or written communication.” (Meyer & Booker, 2001, p. 9) In
this case the elicitation method was a modified Delphi situation in which the expert,
isolated from the researcher, provided judgments about the adequacy of the literature for
the induction. The mode in which the expert was to respond was specified in the
verification guidelines for the review contained in Appendix B. The researcher
anticipated that the expert would recommend additional literature sources that would add

depth and breadth to the study. Appendix B included a section where the outside expert
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recommended additional literature sources. The additional literature sources submitted
by the expert became research data with recommended sources being added to the
database of empirical facts used for the induction. The additional understanding gathered
from these sources proved useful in the development of the framework.

The product at the énd of the 1* phase was a database of synthesized literature
sources used for the induction.

Procedure for Phase 2: Inductive Development of the Framework

The goal of the 2™ phase was the inductive development of the structured,
systemic framework for software development. Whewell called this the Colligation of
Facts by Means of & Conception. “Whewell’s doctrine of the Colligation of Facts
constitutes the most important and most original part of his contribution to the theory of
induction.” (Ducasse, 1951b, pp. 217-218) Whewell (1858) defines the term colligation
of facts as:

To every case in which, by an act of the intellect, we establish a precise

connection among the phenomena which are presented to our senses. (.

60)

Whewell (1858) uses this definition to define Induction as follows:

Induction is a term applied to describe the ‘process’ of a true Colligation

of Facts by means of an exact and appropriate conception. An ‘Induction’

is also employed to denote the ‘proposition’ which results from this
process. (p. 70)

The importance of this definition cannot be overemphasized. Whewell’s central theme
emphasized that in every Induction, there is a conception supplied by the human mind
that is superinduced upon the facts. Ducasse (1951b) stated that an inductive formula

might be something like the following:
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These particulars, and all known particulars of the same kind, are exactly

expressed by adopting the Conceptions and Statement of the following

Proposition. (p. 220)
Ducasse stated that . . . the all-important requisite for performance of successful
inductions is the possession of a fertile, sagacious, ingenious, and honest mind, certain
rules and methods of procedure useful in various degrees may be formulated in
connection with the colligation of facts mentioned.” (1951b, pp. 221-222). Whewell’s
colligation of facts by means of a conception was accomplished in three steps.

Step 4: Decomposition of Facts

Whewell (1858) stated that:

What facts are to be made the materials of Science, perhaps the answer

which we should most commonly receive would be, that they must be True

Facts, as distinguished from any mere inferences or opinions of our own.
(p-51)

Whewell was following the empiricist tradition in which . . . a distinction is made
between hard and soft data, according to whether they are purely observational or contain
an inferential element.” (Kaplan, 1964, p. 131) In a literature too vast to summarize here,
theorists have argued that observation is already cognition and that we cannot describe a
fact without implying more than the fact. As a result, Clyde H. Coombs [1912-1988]
proposed that the term data be used for observations already interpreted in some way.
The diagram in Figure 24 depicts the scope of Coombs’ theory of data (1964). Figure 24
shows how the researcher’s interpretation of observables and classification of data lead to
logical inferences but has additional import when considered with the following
statement (Coombs, 1964):

The scientist enters each of these three phases in a creative way in the

sense that alternatives are open to him and his decisions will determine in

a significant way the results that will be obtained from the analysis. Each
successive phase puts more limiting boundaries on what the results might
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be. At the beginning, before phase 1, there are perhaps, no limits on the
potential conclusions; but each phase then constrains the universe of
possible inferences that can be ultimately drawn from the analysis. (p. 5)

Observer.
[ ]
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The mapping
of recorded
observations
into data
Universe B
of gll Recorded N Data Inferential
Possxb!e Observations v Classifications
Observations
L Phase 1 |, Phase2 Phase 3 ol
P VI‘ Ll »
The subjective phase The interpretive The detection of relations,
in which the observer phase in which the order, and structure which
selects some things observer classifies follow as a logical
to record. the observations in consequence of the data
terms of a relation of and the model used for
some kind. analysis.

Figure 24: Flow Diagram of Observable to Inference

It is important to note that the researcher depicted in Figure 24 addresses each of the three
phases in the following ways.

1. Phase 1 — the decision as to what to observe

2. Phase 2 — the mapping of recorded observations into data

3. Phase 3 — the choice of a model for making inferences from the data
In summary, Coombs’ central thesis was that data are recorded observations that have
already been subjected to analysis.

Duﬁﬁg this step Whewell stated that the discoverer must strive to decompose the
complex facts found in the real-world into their elementary facts. This is where the

empirical facts contained in the synthesized literature review were broken into their basic
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elements; where information was transformed to data, and data into categories, and
categories into properties and dimensions.

To support this step a new word was introduced to the research lexicon; coding.
“Coding is analysis . . . .This part of analysis involves how you differentiate and combine
the data you have retrieved and the reflections you make about this information. Codes
are tags or labels for assigning units of meaning to the descriptive or inferential
information compiled during a study. Codes usually are attached to chunks of varying
size — words, phrases, sentences, or whole paragraphs, connected or unconnected to a
specific setting.” (Miles & Huberman, 1994, p. 56) The formal decomposition technique
labeled as open coding (specified in the grounded theory method) was useful in this step

and is presented in Table 26.

Decomposition Technique | Open Coding

Goal To discover, name, and categorize phenomena
according to their properties and dimensions.
{Strauss & Corbin, 1998, p. 206)

Description The data are scrutinized for commonalities that
reflect categories, or themes, within the data.
After the data are categorized, they are further
examined for properties — specific attributes or
subcategories — that characterize each category.
In general, open coding is a process of reducing
the data to a small set of themes that appear to
describe the phenomenon under investigation.
(Leedy & Ormrod, 2001, pp. 154-155)
Variations e Line-by-line analysis

e  Analysis of a whole sentence or paragraph
¢  Peruse the entire document

(Strauss & Corbin, 1998, pp. 119-120)

Table 26: Characteristics of Open Coding

Figure 25 is the schema for the decomposition of facts that shows how the body
of knowledge was reduced first by the study purpose and second by the literature review.
The synthesis conducted in the literature review resulted in a number of information

threads that populated the document database with an appropriate range of factual ideas,
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concepts, and theories which acted as the empirical data for the colligation. Figure 25
depicts the hierarchical nature of the facts and how they were decomposed into
elementary properties and dimensions. This step was enhanced through the use of a

code-based theory building tool discussed in the final section of this chapter.

Real-World Literature
related to the Phenomena
under study

\ Study Purpose /

1

Literature related
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