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Abbreviations and definitions
Abbreviations
CMM
CMMI
CMM-SW
CMMI-SE
KLOC
KSLOC
ODC
SPICE
XP

Capability Maturity Model
Capability Maturity Model Integration
Capability Maturity Model for Software
Capability Maturity Model Integration for Systems Engineering and Software
Engineering
Kilo (1000) Lines Of Code
Kilo Source Lines Of Code
Orthogonal Defect Classification
Software Process Improvement and Capability dEtermination
eXtreme Programming

Definitions
Process system
Defect (Bug)

A collection of procedural work descriptions and guidelines.
“An error results in a fault in the software, which can lead to a defect in the
product, which can lead to a failure of the function.”1 A defect report is created on the basis of a failure.
Project
“The combined resources (people, machines, materials), processes, and activities that are dedicated to building and delivering a product. A project has a
defined starting point and defined objectives from which completion is identified.“ 2 A project is mentioned in this context as a unit in the time registration
database, holding together registration to a particular cost unit. Time registration for each project is split into project phases.
Product
“A software package, consisting of code and publications, that eventually is
delivered to a customer. In a broader sense, the definition of product also
includes the product support materials that are related to such activities as
marketing and maintenance”3 In this context a product signifies a unit in the
defect database, holding together defect reports for a particular product
release.
Defect profile
The collection of assigned ODC attribute values characterizing a defect.
Bugzilla
A defect (bug) management system, consisting of a database and web-based
interfaces for defect registration and maintenance. An open source project
maintained at bugzilla.org4
Defect (bug) database The defect (bug) information database serving as a source to the research. A
partial copy of the Bugzilla database used by the organization.
Defect attribute
An ODC classification attribute as listed in Table 3.
ODC category
A group of defect attributes as listed in Table 3.
Defect class
A collection of defects, all with the same value for a particular attribute. The
defect class is identified (named) by the attribute value.
Defect categorization The act of assigning ODC attribute values to defect reports in the defect database, thereby creating the ODC defect profiles.
Product category
A synonym for a product, but also used here to signal a collection of product
releases, represented by a single product category (product) to simplify comparison.

1

[IEEE 610.12-1990]
[Whitten 1995] , [Fruhauf 2000]
3
[Whitten 1995], [Fruhauf 2000]
4
[Bugzilla WEB]
2
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Abstract
This thesis is a case study of a small software development organization formalizing its processes with
the objective of improving software quality and building a basis for growth.
The process implementation is explained and the impact on the organization in terms of product quality
and costs is analyzed. The objective is to answer some important questions regarding the practicality
and quality implications of software process improvement efforts.
The research finds that, in context of this study, formal process work did not bring about benefits
beyond those of a basic work method structure. Benefits realized with the introduction of a basic
structure include improved quality of requirements and a more complete product functionality.
Cost escalation, the relative cost increase when a defect slips undiscovered between project phases, is
found to be less than widely reported.

Útdráttur á íslensku
Þessi ritgerð segir sögu af litlu hugbúnaðarfyrirtæki sem byggði formlega verkferla með það að
markmiði að auka gæði framleiðslunnar.
Ritgerðin lýsir innleiðingu ferlanna og metur áhrif þeirra á fyrirtækið út frá þeim villum sem voru
skráðar á tímabilinu. Leitast er við að svara áleitnum spurningum sem varða hagkvæmni slíkrar
endurhönnunar og áhrif formlegra ferla á gæði.
Helstu niðurstöður rannsóknarinnar eru þær að verkferlarnir bættu ekki gæði hugbúnaðarins umfram
það sem skipulögð vinnubrögð höfðu þegar gert. Helstu marktæku breytingar sem urðu eftir að
grunnþættir framleiðslunnar voru skipulagðir, voru að þarfagreiningar og aðrir þættir tengdir kröfum
um virkni hugbúnaðarins urðu betri.
Margföldunarstuðull sem mælir kostnaðaraukningu þegar villa sleppur óséð á milli framleiðslustiga,
reyndist lægri en aðrar rannsóknir hafa sýnt fram á.
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Introduction
Stories of failed projects and budget overruns continue to dominate software project management
discussions. Still, process and quality management does not get the attention it deserves in the world of
computer science and important questions regarding the benefits of software process improvement
remain unanswered. Method debates are conducted on the basis on individual conceptions or anecdotal
evidence, and the battle of software process principles begins and ends with apparently little reasoning
involved.
What are the benefits of software process improvement? Does process-managed work improve product
quality? What is the net cost of create-and-fix development compared to formal process methods?
This thesis is an attempt to shed light on a dark area outside the bright coding matrix of computer
science, with the intent of providing leverage to anyone trying to reason themselves through the method
quagmire. To achieve this, it looks at the result of a software process improvement effort in a small
software development organization. Product quality and cost of defect corrections are tracked to
evaluate the applicability of new work methods and the general practicality of process improvement
efforts.
Organizational context
The organization involved was founded in 1998. At first the focus was computer game development but
in 1999 it shifted to mobile technologies. The company is technology driven, with 20 employees, of
which about 15 work in project development and hold university degrees in engineering and computer
disciplines. Production is built around teams of 2-5 developers, led by 2-3 technical frontrunners.
The company develops a technology framework for mobile development and applications based on the
framework. Three major versions of the technology and related applications have been released to
partners and customers worldwide. All releases can roughly be said to include the same three
components; Server, Development tool and Applications.
The organization started early on organizing infrastructure to enhance development quality and project
tracking. As more developers joined and the customer base grew larger, the infrastructure matured.
Formal work methods (processes) soon looked to be a logical next step. This thesis looks at the impact
of that next step on the organization.
Structure of this document
Chapter 1 is an introduction to software quality management, defining the research context. Chapter
2 explains the process system and provides examples of the resulting quality documentation. Chapter
3 is an overview of the research design. Chapter 4 lists research results, analyzing how the
organization was affected by the process system implementation. Chapter 5 summarizes findings and
discusses main conclusions drawn from the results.

1
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Background on software quality and process improvement

1 Background on software quality and process improvement
1.1 Defining software quality
The concept of quality is the central thread running throughout this thesis. Quality could generally be
defined as “grade of excellence”5, but what does this mean in the context of software development?
Organizations claim to produce “quality software” without defining what the term means in their
context. It is one of those industry terms which sound nice in a slide show but do not really explain
much without further definition.
ISO 8402 defines quality as “The totality of characteristics of an entity that bear on its ability to satisfy
stated and implied needs” where the entity is defined as “That which can be individually described and
considered”6
In the context of IEEE standards, software quality is defined as “The degree to which a system,
component, or process meets customer or user needs or expectations”7.
Looking at software production as a concept delivery, it could also be argued that “Added quality to this
concept delivery is anything the supplier can additionally provide to the customer. [...] The role of the
supplier is to identify needed quality and provide it.”8 Assuming that the customer is willing to pay for
“needed quality”, added software quality is then any product attribute which the customer is willing to
pay for.
1.1.1 Software quality attributes
Software quality, as defined here, is a collection of attributes, which, when evaluated and graded,
constitute a quality measurement.
How these attributes are exactly classified and measured is a matter of preference in the software
engineering industry. Barry Boehm9 defined a collection of software quality attributes which are still
widely used; usability, reliability, efficiency, portability, testability, understandability and modifiability.
Others have mentioned similar categories such as security, portability, adaptability, maintainability,
robustness, usability, reliability and performance10, and Robert B. Grady 11 lists functionality, usability,
reliability, performance and supportability as a part of the FURPS+ framework.
A number of these classification schemes have been defined, but a commonly used baseline for
discussion is the ISO 9126 standard. First published in 1991 and refined since then, ISO 9126 divides
software quality into six general categories of characteristics: functionality, reliability, usability,
efficiency, maintainability and portability. These all include sub-characteristics, described in Table 1.
External and internal quality
Functionality
Reliability
Usability
Efficiency
Suitability
Maturity
Understandability
Time
behaviour
Accuracy
Fault tolerance Learnability
Resource
Interoperability Recoverability Operability
utilization
Security
Reliability
Attractiveness
Efficiency
compliance
Functionality
Usability
compliance
compliance
compliance
Table 1 ISO 9126 Quality attribute categorization12

5

[DI WEB]
[ISO 8402]
7
[IEEE 610.12-1990]
8
[Iizuka 2000]
9
[Boehm 1978]
10
[Gilb 2000]
11
[Grady 1987]
6
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Maintainability
Analyzability
Changeability
Stability
Testability
Maintainability
compliance

Portability
Adaptability
Installability
Co-existence
Replaceability
Portability
compliance
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1.1.2 The quality controls
How do we control these quality characteristics and thereby manage software quality? Three wellestablished aspects of software quality management are people, process and technology 13 14.
The people aspect of software quality management is critical. Attracting the right combination of
talented people, holding onto and growing this talent and using it in the right way is the heartbeat of any
software organization. The capability of the development team has been shown to have significant
impact on software quality and production effort 15.
Processes, or work methods, support the people dimension, making the most of employee talent for the
organization. A capable collection of work methods (processes) can make good people more
productive and lead others to the right path, but they can only raise the quality of the company as high
as the people dimension allows.
Work methods are supported by technology. Technology in this context is the technology used to make
processes accessible and usable. Technology will support a process but will never turn a collection of
ineffective developers and inefficient working methods into a quality software organization.
1.2 Software process improve ment
As previously described, work methods define how quality controls are managed. In terms of discipline,
work methods range from agile methods, characterized by quickness and ease of movement 16, to rigid
processes.
Every organization must establish a level of discipline in its work methods that suits its operations.
Improving the balance between process discipline and agility is a main objective of any software
process improvement effort.
The “correct” level of discipline is the subject of endless debates on software production methods.
Grady Booch17 lists three phases of “method wars”, starting with structured analysis and then objectoriented analysis and design methods, and most recently the post-dot-bomb era agile methods.
The most dangerous thing about these debates is that people, having chosen a favourite process model
because it worked in a given context, are reluctant to shift their views and adapt to another different
one. Otherwise highly intelligent people make serious claims about one set of methods being the one to
use, without any regard to the context it is to be placed in.
It is argued here that method debates are often like a blind man’s boxing match as there is no point in
discussing the methods outside of the context they are applied in. Generalizing about the “best” work
methods is at best a naive way of conducting a method debate. The context has to be crystal clear when
throwing punches between e.g. Capability Maturity Models (CMM) and eXtreme programming (XP).
In summarizing what we have learned from these debates, Boehm18 provides several project and
organizational characteristics that should influence method choice.
•
•
•
•

Application characteristics, including primary project goal, project size, and application
environment
Management characteristics, including customer relations, planning and control, and project
communication
Technical characteristics, including approaches to requirements, definition, development and test.
Personnel characteristics,
organizational culture

including customer characteristics, developer characteristics, and

12

[Abran]
[Rao 2000]
14
[Voelker 2000]
15
[Boehm 1981]
16
[DIC WEB]
17
[Boehm 2003]
18
[Boehm 2003]
13
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A good balance between discipline and agility cannot be found without taking all of these
characteristics into consideration. As an organization and its environment are subject to constant
change, active awareness of work method selection must be present.
1.3 Capability maturity models
The Capability Maturity Model Integration (CMMI) was used as an assessment model to guide process
design in this case study. This section introduces capability maturity models briefly, leaving detailed
information up to published CMM and CMMI documentation, e.g. the Software Engineering Institute
website19.
1.3.1 History of CMMI
The CMM (Capability Maturity Model) effort was triggered by the U.S. Department of Defence in the
80’s, when it asked the Software Engineering Institute (SEI) to develop means of evaluating the
maturity of an software organization’s software development process.20 November 1986 saw the
beginning of the development of a maturity model which would help organizations improve their
process.21
The first version of CMM-SW (CMM for Software) was released in august 1991. Following that
release, a number of industry bodies released similar standards for their respective fields. The systems
engineering was later combined in a single CMM called SECM (System Engineering Capability Model)
and when the CMM-SW version 2.0 was about to be released, it was cancelled and replaced by the
software version of CMMI, a collaborative industry, government and SEI effort. The CMMI embraced
the ideas introduced through SPICE and ISO15504 regarding continuous improvement, advancing one
process at time. 22
1.3.2 Framework building blocks
“A capability maturity model delineates the characteristics of a mature, capable process. It identifies the
practices that are basic to implementing effective processes as well as advanced practices. It also
assigns to those practices associated maturity levels ranging from unrepeatable to a mature, wellmanaged process.” 23
CMMI is based on 5 maturity levels, listed in Table 2 and process areas introduced at each level. For
each process area, goals, practices and features are defined. These have to be in place for the process
area to be established for a particular level.
Different representations are used, based on either staged or continuous implementation paths. The
concepts are explained here based on the staged representation of the CMMI-SE/SW (CMMI for
Systems Engineering and Software Engineering) with the different from other versions left unexplained.

19

[SEI WEB]
[Broadman 1994]
21
[SEI 2000]
22
[SEI WEB]
23
[SEI WEB]
20

5

University of Iceland

Level
5. Optimizing

4. Quantatively
managed
3. Defined

2. Managed
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Description
Quantative process improvement to
help the organization meet business
objectives.
Quality and process performance is
understood and managed in statistical
terms.
Standard processes are established and
improved over time.

Project management established.
Existing practices are held during times
of stress.

Process areas introduced
• Organizational innovation and
deployment
• Causal analysis and resolution
• Organizational process performance
• Quantitative project management
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Requirements development
Technical solution
Product integration
Verification
Validation
Organizational process focus
Organizational process definition
Organizational training
Integrated project management
Risk management
Decision analysis and resolution
Requirements management
Project planning
Project monitoring and control
Supplier agreement management
Measurement and analysis
Process and product quality
assurance
• Configuration management

1. Initial

Processes ad hoc and chaotic. Success
depends on competent people and
heroics.
Table 2 CMMI key process areas by maturity levels 24
1.3.3 .The applicability of maturity models for small organizations
The CMM framework was originally designed for software organizations working on large projects and
since published, concerns have been raised over its applicability to small software organizations.
A survey by Broadman25 reported that over half of the respondents mention “... cost of implementing
specific aspects of a process improvement program, the difficult (if not impossible) hurdle of satisfying
CMM practices within a small organization, and problems with CMM as a basic guide” as the main
concerns of CMM implementations in small and medium enterprises.
Overall, lack of resources to support process improvement was the primary issue of concern but for
organizations with less than 20 employees, cost of implementation was the major concern. “One
interviewee estimated that the company would need to be a $2B company to be able to afford a training
program satisfying all the CMM requirements.”26
Despite this implied relation between CMMI and large organizations, effort has been put into
contradicting this view in the last years and CMMI has been introduced as a valid option for assessing
process work in small organizations.

24

[CMMI 2002]
[Brodman 1994]
26
[Brodman 1994]
25
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1.4 Orthogonal Defect Classification
This thesis uses Orthogonal Defect Classification (ODC) to classify defects. ODC attributes values,
assigned to a defect, make up the defect’s profile and are the basis for defect profile analysis. This
section introduces ODC briefly, with details left up to referenced websites, e.g. IBM 27 and Chillarege 28.
1.4.1 Qualitative causal analysis
Invented by Ram Chillarege through his work at IBM, “Orthogonal Defect Classification (ODC) is a
measurement system for software processes based on the semantic information contained in the defect
stream”29.
ODC is designed to provide insight into the development process by identifying root causes of software
defects. “The goal of causal analysis is to identify the root cause of defects and initiate actions so that
the source of defects is eliminated”30. A collection of attributes is defined as a part of the method, used
to record the circumstances when a defect surfaces and how it is resolved.
ODC is often used for defect growth analysis as well. Even though outside the scope of this thesis,
example defect growth curves for two projects are included in Appendix A .
1.4.2 Defect attributes
Standard ODC attributes are divided into trigger and type categories to distinguish between attributes
that are registered when the defect is found and those registered when the defect is analyzed and fixed.
Defect Trigger and Defect Type collectively describe the root cause of the defect. In addition to these,
ODC recommends recording customer impact and any subpopulation attributes that may increase
understanding of the defect.
Category
Trigger
attributes

Type
attributes

Impact
attributes

Category description
The condition that allows a
defect to surface. Evaluated
and registered by the tester/user
that discovers or originally
registers the defect.
The set of attributes,
collectively describe the nature
of the defect and root target for
a fix. Registered by a
programmer analyzing and/or
fixing the defect.

Classification attributes
Activity. Activity that was being performed when the
defect was discovered.

A set of attributes measuring
Customer Impact.

Customer Impact. Records in what way the customer
will be affected if the defect surfaces.
Severity. Classifies the Customer Impact severity.

Triggers. Environment or condition that triggers the
defect to surface.
Defect Type. Describes what kind of error caused the
defect. This can e.g. relate to functions, interfaces or
assignments.
Defect qualifier. Provides more information about the
nature of the Defect Type. Makes the distinction
between something (e.g. a
function) being missing, incorrect, or extraneous
Target for fix. High level classification of the
deliverable that was fixed, e.g. user documentation,
build packages or code.

Table 3 Defect attribute categories
Table 3 includes a complete list of attributes and associated values.

27

[IBM WEB]
[Chillarege WEB]
29
[Chillarege 1992]
30
[Chillarege 1992]
28
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2 A case study of a quality management system construction
This chapter gives a real-life example of a process management system construction. The chapter
describes the implementation and provides examples of the resulting quality documentation.
2.1 The need for processes
Making the move from entrepreneurship towards production maturity brings up issues which limit the
capability of a software organization to grow. These issues are commonly known in small
organizations31 and a few were among the compelling reasons to bring on process development work in
this case study:
•

Product development was unstructured. The decision to include or exclude a feature often took
place in a purely technical project meeting, without any intervention of the business side selling
the software. Product responsibility was often lost in the dynamic product environment the
company embraced, as there was no formality when development work was moved back and forth
between developers.

•

On the edge of ad-hoc scalability. Growing from 5 employees to 20 calls for a different set of
work procedures. The developers can no longer count on shouting “timber!” as a sign for the coworkers it is time for more coffee while the server is busy creating a new build. This kind of build
process is an example of a working method which is clearly not scalable.

•

Project tracking was not bringing home the numbers it potentially could. Historical data from
project time registration was not used to improve effort estimation for projects. Everybody knew
(or at least suspected) that some projects had exceeded their budgets, but it was not understood
why this had happened.

•

Technical development processes needed enhancement. Even though technical work rules were
documented early on, some essential processes were missing. Internal review processes were, for
example, quite informal and it was often not clear how, if at all, development documents and code
had been reviewed.

•

Constant uncertainty about upcoming project work and unplanned programmer interruptions
forced developers to switch programming context too frequently. This was believed to affect
productivity significantly, even though no data was ever analyzed to support this claim.
•
A large contract partner required the company to be CMMI level 2 compliant.
The last point made the decision of where and how to start the quality efforts easier to accept for both
developers and management.
2.2 Decisions in the starting block
When the decision had been made to formally start software process improvement work, a few
decisions were made before anything was designed:
•

•

To use CMMI as the process assessment framework. The decision was a straightforward one
because of customer pressure (contractual issues) but the fact that the management team had some
prior knowledge of CMM-SE was also a key factor.
To stick to the principles of CMMI, but keep strongly in mind that this was a 20 employee
organization which had no particular desire to add middle management or pose restrictions on the
dynamic spirit that had made this company successful.

•

To identify right from the start, the most practical areas of process implementation. The future of
the process implementation could rely on initial success in the minds of the developers.

•

To create the process interface in a way that would not cause complaints among the people who
used it.

•
•

The management team would promote the efforts and take an active part when needed.
To appoint one quality leader to follow through the process implementation and encourage use.

31

[Kelly 1999]
9

University of Iceland

A case study of a quality management system construction

2.3 Constructing the process grid
The first step in building the process system was to outline a process grid which would represent the
baseline product development process.
2.3.1 Project development
The development process is designed to start from an idea, going through project preparation,
implementation and testing, to the stage where a project has been released and is subject to
maintenance. This frame is used to keep all the other bits and pieces together.
Project development processes
Project start

Description
Captures new ideas and filters them for further research, evaluating
feasibility both technically and in business terms.
Project planning
Takes over projects delivered through the project start filter and
covers all initial stages of research, requirements, risk analysis and
design, before any code is created.
Stage implementation
Includes project planning reviews, code implementation and wrapup (after testing) for a single iteration cycle.
Stage testing and release
A separate process entity from stage implementation to emphasize
its partition from the implementation phase. Each stage release is
tested as if it were a product release but a project (final stage)
release includes extra activities.
Table 4 Project development processes
2.3.2 Project development checkpoints
Project development checkpoints (PDs) are used to make sure a process step is completed and signed
off before the next process is initiated. Checkpoints are considered to be in the form of meetings where
the agenda and attendees are predefined to ensure completeness of communication of process
(milestone) completion and activation.
Checkpoint id: Name
PD1:Project acceptance

Purpose
To initiate project planning process and make project team aware of
schedules and their personal responsibilities throughout the project
planning phase.
PD2:Project kick-off
To introduce the project management plan and make sure resources
were available for schedules to hold.
PD3:Release initiation
To verify that the project is ready for release and if so initiate the
stage release process.
PD4:Stage release
To review stage effort and collect and discuss issues that affected
the stage implementation. Initiate next stage implementation or if
final release, initiate the project release process checkpoint.
PD5:Product release
To officially sign off the project and initiate a maintenance process
if needed.
Table 5 Project development checkpoints
2.3.3 Management support processes
Some processes are built outside the main process grid as they are not directly connected to project
development. These processes are used to handle issues outside the regular product development in a
structured way.
Support process name
Purpose
Support issue management
To receive issues (support requests) and make sure all those are
resolved and the resolution registered and communicated.
Project maintenance
To manage regular maintenance for released products and projects.
Subcontract management
To handle workflow relating to contracts and maintenance of issues
relating to subcontract work.
Table 6 Management support processes
10
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2.3.4 Development support processes
Development support processes are designed to be utilized at any time during the project development
process (or management support processes). They represent frequent activities which were formalized
into a documented process.
Support process name
Change control
Code review

Purpose
To handle changes to all items subject to configuration management,
including requirements, risk and design documentation.
To ensure seamless workflow through code reviews.

Document lifecycle

To ensure seamless workflow through document reviews.

Table 7 Development support processes
2.3.5 Process grid summary
To summarize the process grid introduced so far, Figure 1 shows how processes are grouped.

Figure 1 Process framework overview
2.3.6 Process definition framework
The process definition framework describes containers, designed to hold the process documentation.
Table 8 lists these containers and describes each one.
Component
Process action

Process action
description

Document template

Checklist
Standards

Description
An isolated action that takes place within a process and can include multiple
tasks to be completed. At any given point in time, a process action has either
been completed or not. A process action is represented by a single box in a
process diagram and is connected to a single process action description.
A detailed description of a process action. The description lists tasks to be
finished before the action can be considered completed. The description always
includes but is not limited to the following sections:
• Entrance criteria
• Purpose
• Responsible
• Activities
• Exit criteria
An XML template, referenced from a process action description. The template
includes instructions on where to commit (save) the document. The template
includes a reference to an example document and to any supporting (IEEE)
standards.
A list which is referenced from a process action description and has to be
completed before the action can be considered complete.
Standards (IEEE) on which a document template is based. The standards are
referenced from an action description and document templates for the writer to
seek detailed information on expected document contents.
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Guidelines

Documents on how to perform specific activities within the organization. This
includes subjects like working hour guidelines and general coding guidelines,
explaining e.g. usage of space in code and naming conventions of classes.
Organizational roles A document describing standard roles across the organization, defining
responsibilities for roles and groups on a project and company wide level. This
document is referenced from all documents where roles are used.
Organizational policy Includes general policies, defining organizational direction and expectations.
Table 8 Process definition framework
2.4 Example process diagrams
Process diagrams were designed from scratch, without any specific model templates in mind. The
overall process flow was influenced by a visit to VKS32, a software/systems company which was the
first Icelandic software company to receive an ISO 9001 quality certification.
The following pages include 5 examples of process diagrams, showing all 4 major components of the
project development process and also the document lifecycle process as an example of a support
process.
2.4.1 Project start
The project start process is initiated with the submission of a project briefing, describing an idea for a
new concept, product or functionality. The project briefings are analyzed and filtered to the point where
an actual project is created.
2.4.2 Project planning
The project planning process documents the construction of requirements, architecture, design, and risk
analysis, providing the basis for a detailed project management plan.
2.4.3 Stage implementation
The stage implementation generally concerns one implementation iteration, starting with specification
and design review to ensure that previous implementation work has not changed the baseline of the
project. The process sends the implementation off to testing and receives it back for stage wrap up.
2.4.4 Release
The release process could also be called a quality management process as it is all about test design and
execution.
2.4.5 Support process example: Document lifecycle
The document lifecycle keeps track of a document through its lifecycle, starting from a DRAFT
document and ending in an APPROVED state, or RELEASED state when documents are published
outside the organization.

32

[VKS WEB]
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Figure 2 Project start process diagram

13

University of Iceland

A case study of a quality management system construction

Figure 3 Project planning process diagram
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Figure 4 Stage implementation process diagram

15

University of Iceland

A case study of a quality management system construction

Figure 5 Release process diagram
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Figure 6 Document lifecycle process diagram

17

University of Iceland

A case study of a quality management system construction

2.5 Example process documentation
The process framework described in section 2.3.6 is designed to hold all process documentation. This
section provides examples of documents created.
2.5.1 Process action description
An activity description for the project planning setup activity, a part of the project start process, is
shown below.
Project planning setup
•
Entrance criteria
− Project Control Specification review has been completed.
•
Purpose
− To complete effort estimates and schedule allocation for the project planning process.
•
Responsible
− Project Leader
•
Activities
− Create a project management plan and complete the stage-1 checklist.
− Submit project management plan for review. Reviewer: Project manager.
•
Exit criteria
− Project Management Plan - stage 1 has been completed and submitted for review.
2.5.2 Document template
All documentation was created and maintained in XML. An extract from the project management plan
template is included below.
<article status="DRAFT" class="specification">
<articleinfo>
<author id="author-id">
<firstname>AUTHOR NAME </firstname>
<surname>REQUIRED</surname>
</author>
<title>Project Management Plan (PMP)</title>
<subtitle>[Template! Please write module name here]</subtitle>
</articleinfo>
<!-- Document based on IEEE Std 1058-1998 -->
<section>
<title>Overview</title>
<para></para>
…………..
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2.5.3 Checklist
Checklists are used to verify that process activities have been completed according to requirements. An
example of a partial project management plan checklist is included below.
•

•

Pre planning process items
− Project management plan setup
− Writing and reviewing requirements specification
− Writing and reviewing architectural design
− Writing risk analysis
− Update and review project management plan
− PD2 meeting
− Make sure the team is qualified for the job as described in Section 2.3.
General checklist
− The project task list includes all relevant tasks (taken from the original task list
overview)
− The project has a detailed, realistic stage delivery plan
− The project accounts for holidays, vacation, training
− Resources are only allocated up to the resource allocation roof defined in
organizational policies
− The Project Leader’s workload allows for him/her to devote adequate amount of time
to the administrative part of the role.
− The project has well- defined milestones

2.5.4 Supporting standards
The supporting standard for the project management plan is IEEE 1058-1998. The standard is
referenced from the document template and from all relevant process activities.
2.5.5 Organizational roles
About 15 organizational roles were created, some on an organizational level, others on a product or a
project level. An example of a subset of Project Leader responsibilities is listed below.
•
•
•
•
•
•
•

Analyze requirements, allocate to hardware, software and other system components
Track requirements implementation and allocation to system components throughout the
project’s lifecycle
Manage requirement change
Manage project on a daily basis, allocate tasks to project members
Set weekly work targets and report to Project Manager
Maintain the project management plan (PMP)
……
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2.6 Process rollout
This section lists the main tasks executed to get the processes into use.
2.6.1 Validating against CMMI
After building the initial process version, validating against CMMI was the next step. This was by no
means a first check, as the system had been developed with the CMMI model in sight. However,
validation was needed to find missing components.
The process was conducted in such a way that for every process introduced at level 2 of the staged
representation of CMMI33, process activities were checked against CMMI practices, recommended to
achieve the goals set for level 2. If a practice was not performed within the processes, the failure was
documented and implemented in next improvement round.
When all the process areas were covered, a process improvement round was initiated, taking all
documented failures into account. After the improvement round, the validation process was restarted.
This cycle was run a few times until all practices were considered performed within the process system.
This workflow is described in Figure 7.

Figure 7 CMMI process verification workflow
2.6.2 Tuning support systems
One of the side goals of the process implementation was the ability to analyze activities to support
future process improvement. To enable such measurement, time registration was aligned with the
processes. Time registration had been restructured with process concepts in mind so only minor
adjustments were needed. With the time registration already defined to measure product development
time, comparison between the periods before and after system implementation would become possible.
2.6.3 The technology
In convincing people to use processes, the quality of the interface is a crucial success factor. Making
people dig through document directories in search of guidelines or checklists is a sure way of scaring

33

[CMMI 2002]
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even process enthusiasts away. The interface has to be seamless and add value for users when
performing daily activities.
The system in this case study was web-based, with any activity description only two clicks away from
the process home page. All diagram items were made clickable, leading to relevant process
components. Documentation was built and maintained in XML and presented as HTML. IEEE
standards were provided as pdf documents.
2.6.4 Tuning the mindset
Process implementation has to take into account a common myth about processes; that they always add
unnecessary overhead. This myth is probably around because when using processes, overhead
awareness is high as it is organized and planned. Conversely, unplanned overhead mostly goes
unnoticed even though it is likely a huge factor in any unorganized development. A good process
should cut down on overhead.
This, along with answers to a few other common myths, was prepared and communicated as the launch
date drew closer.
2.6.5 Setup, release and launch
The processes were launched on May 31st 2001 and contrary to common guidelines, e.g. McConnell’s34
checklist on process implementation, no official training was offered. The 4-hour-long introduction and
discussion meeting was the only formal training provided. The decision to launch this way was
influenced by a few factors:
•
Most developers had been involved in the process development at different stages and were
therefore familiar with the concepts that were launched.
•

Formalized configuration management, which had been in use for a while, had already sold
developers the idea of how structure can improve work.

•

The quality of the development team added to the confidence that the processes would accepted
and used.

•
Guidance would be provided by the quality leader on request.
Only one active project was immediately forced into the process framework, providing feedback and
improvement ideas.

34

[McConnel 2003]
21

University of Iceland

Research into the impact of process implementation

3 Research into the impact of process implementation
The thesis looks into the impact of the process improvement described in chapter 2. The research
design is described in this chapter.
3.1 Research steps overview
The objective of the research was to analyze effects of the process implementation on the organization.
The main research steps were defined and executed as follows:
1. Period definition: Milestones in work method maturity were evaluated and organizational
lifetime split into three periods. This was the baseline for the comparative research.
2. Period profile description: Organizational attributes for each of the three maturity periods were
collected to describe work methods and other factors influencing the analysis in each period.
3. Defects selected as the basis for analysis: After analyzing available data, the company’s defect
report repository was set to be the backbone for comparing changes between periods. Time
registration data would be used to support the defect data and to provide an additional viewpoint.
4. Product and project period classification: Product versions in the defect database were
connected to periods according to period definition. Defects registered to each product version
fell within the corresponding period.
5. Defect categorization: The collection of defects reported in each period would be compared
through Orthogonal Defect Classification (ODC) attributes. For this to be possible, defects were
categorized one-by-one according to ODC.
6. Analysis: The database, holding the categorization results, was then analyzed along with time
registration data to find profile changes and costs.
In the following section, these steps are described and the related source data summarized.
3.2 Definitions and data descriptions
3.2.1 Period definition
The three process maturity periods were defined as shown in Table 9. Start dates for each period are
defined by milestones in project development.
Period Short description
Start date
1
Dominated by ad-hoc development. No 20.07.2000
formal processes in place and products
were developed “on-the-fly” according
to immediate customer needs.
2
Configuration and resource management 06.11.2001
were formalized and structured work
methods established.
3

The period after formal process launch.
All new projects run according to the
processes described in chapter 2

Start date milestone
Time registration and systematic defect
reporting and resolution activated.

Standard time registration methods put to
practice for all projects. From this point
on, time was registered in the same way
for all projects.
31.05.2002 Documented processes were launched
within the organization, adding
structured working methods to all areas
of project development.

Table 9 Period description
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3.2.2 Period profile description
Table 10 describes some selected organizational attributes in each period. The measurements are not
meant to give a complete context definition, but rather explain the main factors and set the stage for the
results.
Organizational attributes
Period 1
Period 2
Period 3
Average number of employees in
6.4
12.9
13.0
development 35
Average relevant experience of
2
2
3
developers (years)
Work items subject to configuration
Code
Code
Requirements
management
User
Development docs
documentation
Code
User documentation
Project (process)
documentation
CMM level estimation36
1
1
2
Technologies used in development
Java
Java
Java
XML
XML
XML
XSLT
XSLT
XSLT
Supported operating systems Server
Windows
Windows
Windows
Linux
Linux
Linux
Solaris
Solaris
AIX
AIX
Supported operating systems DT
Windows
Windows
Windows
Linux
Linux
Solaris
Solaris
Table 10 Organizational attributes
3.2.3 Defects selected as the basis for analysis
After reviewing available development data within the organization, the defect database (Bugzilla37)
was considered to contain a data set consistent enough to be used for comparison between the three
maturity periods.
A snapshot of the defect database was created, at a time when it included 2433 defect reports, of which
2284 belonged to products included in the research. Of these 2284, 121 had been marked as a duplicate
of another report and 530 were marked as invalid (of which 20 were also marked duplicates). When
invalid defect reports and duplicates had been removed, 1653 remained for the analysis.
Three product categories were included in the analysis based on available data; Server, Development
tool and Applications.
Total number of valid, non-duplicate defect reports, divided between periods and products, is shown in
Table 11

35

Measured from time registration
Measured in period 1 but evaluated based on observation in periods 2 and 3
37
[Bugzilla WEB]
36
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Description
Period 1 Period 2 Period 3 Total
A Java-based servlet software used to
100
135
102
337
transform content between XML standards
A mobile-specific Java-based development
45039
27
172
649
38
tool plugged into the NetBeans open
source IDE
An end-user applications for mobile devices,
192
88
387
667
built with the Development tool for the
Server.

Total recorded defects
Table 11 Defect report distribution between periods and products

742

250

661

1653

Defect and time registration data crosses period borders as defined in Table 9. Even though main
development effort is completed within a particular period, defects for released versions keep on
surfacing and effort is applied to fix those defects. Actual defect report and time registration time span
is listed in Table 12 .
First and last registered period dates
Period 1
First recorded defect report date
2000-10-30
Last recorded defect report date
2002-01-24
First time registration date
2000-07-20
Last time registration date
2001-12-30
Table 12 Defect report and time registration time span40

Period 2
2002-01-04
2002-11-20
2001-11-12
2002-10-03

Period 3
2002-02-18
2003-07-31
2001-11-27
2003-12-24

3.2.4 Product and project period classification
To connect defect reports and time registration to one of the three periods the following steps were
taken:
1) When setting the scope of the project, three product categories were selected to be included in the
research as mentioned in section 3.2.3. Based on the product selection, projects in the time
registration database were selected and assigned to periods based on the first day of time
registration and when most of the development effort took place.
2) Products in the defect database were connected to a single project in the time registration database.
This way every product version in the defect database fell into the appropriate period along with
relevant effort data.
3) All defect reports are connected to products, and consequently fell into the same period as the cost
information relating to the defect. This way defect reports were included/excluded in the analysis
based on development effort timeline.
4) The period classification was reviewed carefully and heat maps, showing effort and defect
registration density for each week, were created to ensure that the projects and products were
logically partitioned into periods.
3.2.5 Defect categorization
When the periodic classification was complete, ODC was used to classify each defect report. A
categorization web interface was created. The interface makes a random selection from the defect
database, displays limited information about a selected defect report and provides selection boxes for
attaching ODC attribute values to the report.

38

[Netbeans WEB]
The large number of defects registered to the first phase of product 2 is due to the fact that a group of
external testers were hired in system testing for this product.
40
Dates have been adjusted to handle outliers (<4 transactions modified in each period)
39
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3.3 Analysis methods and result notation
3.3.1 Types of analysis
Three types of analysis were defined to clarify different types of comparison made between periods.
These are described in Table 13.
Analysis name
Analysis description
Defect profile analysis
Based on comparing ODC attribute values attached to defect reports.
(results in section 4.1)
The attribute values collectively make up a defect profile for each defect
report, and creating a collection of those provides a profile for a period
or product category.
Defect cost analysis
Based on individual defect corrections where the cost of fixing a defect
(results in section 4.2)
is explicitly registered. As data is almost all from period 3, results drawn
from the analysis cannot serve as basis for comparison between periods.
Project phase analysis
Based on collective costs for a particular project from the time registra(results in section 4.3)
tion database. Cost division between project phases is analysed and
compared between products and periods. Project phase analysis is
therefore based on aggregate time registration and defect corrections for
individual projects, not individual defects.
Table 13 Defect and cost analysis definition
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3.3.2 Z-test of significant difference between two proportions
Test
Description

Z-test for difference between two proportions
“A statistical test for means and proportions of a population, used when the
population is normally distributed and the population standard deviation is
known or the sample size is 30 or more”41
Use
The objective of this test is to identify if proportions, cells in a table row (e.g.
design defects) have changed significantly between two columns (e.g. periods).
Where the test is used, an assumption is made without further support regarding
normality of the population distribution.
Null hypothesis
H0 = The row proportion is the same in both columns
Alternative
Ha = The row proportion is significantly different between the two compared
hypothesis
columns.
Alpha
0.05
Interval type
Two-tailed confidence interval.
Results
A confidence interval of the difference between the two proportions is
calculated. If 0 (zero) falls within the interval, H0 cannot be rejected and any
measured difference between the columns is not considered significant.
Significance columns S1: Change between columns (e.g. periods) 1 and 2.
S2: Change between columns 2 and 3.
S3: Change between columns 1 and 3.
Colour notation
R Red: Significant increase, H0 can be rejected.
G Green: Significant decrease, H0 can be rejected.
White: No significant change, H0 cannot be rejected.
Table 14 Z-test for row value changes
Example of use
An example of the use is a comparison of the proportion of implementation defects between periods as
displayed in Table 15.
Target
Implementation
Design

S1 S2 S3
Period 1
G R E 302 40.7%
E E E 273 36.8%

Period 2
Period 3
79 31.6% 261 39.5%
93 37.2% 247 37.4%

Information Development E E G 100 13.5% 26
Requirements
E E G
46
6.2% 18
Build/Package/Merge
G E R
21
2.8% 34
Total
B B B I 742
100% 250
Table 15 Example of a Z-test for row value changes

10.4% 65
7.2% 25
13.6% 63
100% 661

Total
642 38.8%
613 37.1%

9.8% 191
3.8%
89
9.5% 118
100% 1653

11.6%
5.4%
7.1%
100%

From the table above, the following can be read:
•
•
•

41

S1: Green. A significantly lower proportion of Implementation defects was found in period 2,
compared with period 1. H0 is rejected.
S2: Red. A significantly higher proportion of Implementation defects was found in period 3,
compared with period 2. H0 is rejected.
S3: White. The measured proportional difference between Implementation defects in period 1 and
in period 3 is not significant. H0 cannot be rejected.

[Bluman 2003]
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3.3.3 Test of independence in contingency tables
Test
Description

Chi-square test of independence
The question is asked whether the row-column relationship in the sample is
sufficiently strong to conclude that it is due to a relationship between the two
variables in the underlying population and not merely to chance.42
Use
In the defect profile analysis and section cost analysis, the test is used to check if
changes in row proportions (e.g. Defect Types) are due to a relationship between the
column (e.g. period) and row (e.g. Defect Type) variables. In each test, the collection
of all row values from two or three columns are compared.
Null hypothesis H0 = There is no association between row and column variables, i.e. they are
independent. The columns are drawn from the same population.
Alternative
Ha = The two variables are related and a measured difference between the columns
hypothesis
cannot be assumed to be coincidental but a result of differences in the underlying
population.
Alpha
0.05
Interval type
One-sided
Results
If the P-value for the test signifies the probability that such a strong trend is observed
as a coincidence of random sampling. If the P-value does not exceed the significance
level, the null hypothesis (H0 ) cannot be rejected. If the P-value exceeds the
significance level, H0 is rejected and t he columns compared are assumed to be
different.
Significance
S0: Columns 1, 2 and 3 compared (added to the left of the S1 column).
columns
S1: Columns 1 and 2 compared.
S2: Columns 2 and 3 compared.
S3: Columns 1 and 3 compared.
Colour notation Bx Blue: H0 can be rejected.
White: H0 cannot be rejected.
Table 16 Chi-square test of independence
Example
An example of the use of this test is when comparing Defect Severity profiles between periods. Table
17 shows a partial example of such comparison.
Severity
S1 S2 S3
Period 1
Period 2
Severity 1
G
E G
168
22.6%
32
12.8%
Severity 2
E
R E
271
36.5%
76
30.4%
Severity 3
R E E
268
36.1% 118
47.2%
Severity 4
R E E
35
4.7%
24
9.6%
Total
B B
I
B
742
100% 250
100%
Table 17 Example of a Chi-square test of independence

Period 3
96
14.5%
246
37.2%
272
41.1%
47
7.1%
661
100%

Total
296
17.9%
593
35.9%
658
39.8%
106
6.4%
1653
100%

From Table 17 the following can be read:
•
S0: Blue: The null hypothesis (H0) that columns 1, 2 and 3 are drawn from the same population is
rejected and the alternative hypothesis (Ha ) accepted.
•
S1: Blue: The null hypothesis (H0) that columns 1 and 2 are drawn from the same population is
rejected and the alternative hypothesis (Ha ) accepted.
•
S2: White: The null hypothesis (H0) that columns 2 and 3 are drawn from the same population
cannot be rejected.
•
S3: Blue: The null hypothesis (H0) that columns 1 and 3 are drawn from the same population is
rejected and the alternative hypothesis (Ha ) accepted.

42

[Moore 1993]
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3.3.4 Rank-sum test of significant difference
Tests
Description

Use
Null hypothesis
Alternative
hypothesis
Alpha
Interval type
Results

Wilcoxon (Mann-Whitney) rank-sum test for difference
The test is a nonparametric test that compares two unpaired groups. The test answers
the question if the populations really have the same median, what is the chance that
random sampling would result in a sum of ranks as far apart (or more so) as
observed.43
The test is used to find if costs distribution between defect classes can be considered
to differ significantly.
H0 = Cost distribution relating to the two defect classes compared can be considered
to be the same.
Ha = Cost distribution relating to the two defect classes are not the same.

0.5
Two-tailed
If the resulting P-value is smaller than the Alpha value, H0,the idea that measured
difference is a coincidence can be rejected, and it can be concluded instead that the
populations have different medians.
Significance
The results of the test are provided in special tables where selected categories are
columns
compared.
Colour notation
Orange: H0 is rejected.
White: H0 cannot be rejected.
Table 18 Rank-sum test of difference between population medians
Example
An example of the use of this analysis method is in comparing the cost of fixing defects based on
Defect Target as shown in Table 19
ID Defect Target
1
2
3
1 Capability
1.000
2 Reliability
0.450 1.000
3 Usability
0.021 0.036 1.000
Table 19 Example of a rank-sum test

4

From Table 19 the following can be read:
•
P-value 0.450: White: The null hypothesis (H0), that Reliability and Capability defects have the
same cost median, cannot be rejected.
•

43

P-value 0.021: Orange : The null hypothesis (H0), that Reliability and Capability defects have the
same cost median, can be rejected.

[GP WEB]
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3.4 Quality of the analysis
A number of considerations have to be taken into account when evaluating the quality of the analysis.
The following are general assumptions made:
•
•

Source correctness – source defect data is assumed to be correct
Completeness – the number of defect reports is assumed to be large enough to correctly represent
the overall number of defects injected in the software.
•
Consistency – the same kinds of defects are categorized in the same way.
•
Integrity – defect information disclosed on a need-to-know basis to enhance categorization
integrity.
•
Accuracy – time registration information is assumed to be correct after cleanup.
These are all defined in more detail in the following subsections.
3.4.1 Source correctness
One of the key assumptions of the project is that the data in the Bugzilla database is correct. No attempt
was be made to improve the quality of the source data by using additional information, e.g. talking to
the people that registered the information to gain additional information.
3.4.2 Completeness
Based on the number of defects found when additional testers were hired, it seems like normal testing
only exposed a small proportion of actual defects in the software. Taking this and short product
lifetime and limited commercial distribution into account, few predictions can be made regarding total
nominal number of defects in each product or period. This only allows proportional comparison
between periods, and for the purposes of the research, the assumption is made, that registered defects,
represent the total population of defects in the same way in all three periods.
3.4.3 Consistency
Many defect reports are ambiguous, in the sense that it is not clear which ODC attribute values should
be assigned to them. To minimize inconsistencies leading from differences in defect descriptions
(describing the same kind of error), a review interface was created, where categories were
systematically checked for outliers, which were then re-categorized.
3.4.4 Integrity
The web interface, used for categorising the defects, was created so that it would minimise actor bias
when assigning attribute values. For this purpose, some known attributes like dates, product name,
product version and the number of the bug report under consideration were hidden from the interface.
This information hiding is necessarily incomplete, as product names sometimes appeared in defect
description text, and on some rare occasions product names were needed to figure out what kind of
defect is being described.
3.4.5 Accuracy
Time registration information was thoroughly reviewed with human errors in mind. The database was
checked for wrong information: registrations which had illegal values were removed and registrations to
the immensely popular “Miscellaneous” category were moved to the correct project phase where a clear
description of what actually took place was available.
Registration for all projects in period 1, where time registration was unstructured, was reviewed,
transaction by transaction asking the following questions:
•
Is there any work registered to the project that does not belong to this project?
•
Is there any time registered elsewhere that should belong to this project?
•
Is the time registered to this project correctly divided between project phases?
Also, time registration relating to the cost of fixing particular defects, used heavily in the defect cost
analysis, was reviewed transaction by transaction, but not changed as it seemed to be quite accurate.
A complete log of all cleaning activities was kept to ensure traceability
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4 Process implementation impact results
This chapter looks at the outcome of the research described in chapter 3. It is divided into four
subsections, based on the three types of analysis defined in Table 13 (section 3.3.1) and a summary
section, collecting results of the first three sections and comparing with other external results reported.
•
•

Defect profile analysis (section 4.1)
Defect cost analysis (section 4.2)

•

Project phase analysis (section 4.3)

•
Summary and discussion (section 4.4)
All results have to be put into context, keeping in mind limitations explained in previous chapters.
General assumptions regarding quality of the source data and of the analysis are listed in section 3.4 and
notation expressing significant change in result tables is explained in section 3.3.

31

University of Iceland

Process implementation impact results

4.1 Defect profile analysis
The defect profile analysis compares ODC profiles between periods and products. This section is
divided into four subsections, each comparing profiles based on a single ODC category.
•

4.1.1 Defect Type

•

4.1.2 Target

•
•

4.1.3 Customer Impact
4.1.4 Severity
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4.1.1 Defect Type analysis
Defect Type represents what kind of fault was fixed when the defect was removed. Table 20 and
Figure 8 describe Defect Type division in each period.
Defect Type
S1 S2 S3
Function/Class/Object
E E E
Algorithm/Method
G E E
Documentation
E E G
Assignment/Initialization
E E E
Checking
E E E
Build/Package/Merge
R E R
Interface/OO Messages
E G E
Relationships
E E E
Total
B B B B
Table 20 Defect Type division by periods

Period 1
Period 2
Period 3
Total
302 40.7% 96 38.4% 257 38.9% 655 39.6%
208 28.0% 53 21.2% 170 25.7% 431 26.1%
101 13.6% 26 10.4% 64
9.7% 191 11.6%
58
7.8% 15
6.0% 60
9.1% 133
8.0%
30
4.0% 11
4.4% 29
4.4%
70
4.2%
20
2.7% 34 13.6% 66 10.0% 120
7.3%
16
2.2% 10
4.0%
7
1.1%
33
2.0%
7
0.9%
5
2.0%
8
1.2%
20
1.2%
742 100% 250 100% 661 100% 1653 100%

38,9%
38,4%
40,7%

Function/class/object
25,7%
21,2%
28,0%

Algorithm/Method
9,7%
10,4%
13,6%

Documentation

9,1%
6,0%
7,8%

Assignment/initialization

4,4%
4,4%
4,0%

Checking
Build/package/merge
Interface/OO Messages
Relationships

10,0%
13,6%

2,7%
1,1%
4,0%
2,2%

Period 3

1,2%
2,0%
0,9%

Period 1

0,0%

Period 2

10,0%

20,0%

30,0%

40,0%

50,0%

Figure 8 Defect Type division by period
Defect profiles have changed
The results show that profiles have changed between periods. The proportion of defects falling into
each Defect Type category is significantly different when each period is compared to the others.
Significant changes between periods in individual defect categories (table rows) are also found.
A significant decrease in Documentation defects is realized between periods 1 and 3. This category
represents user documentation which was put under configuration management in period 2 and made an
integral part of the development process in period 3, so improvements would be expected.
Documentation was, however, a very inconsistent development factor for all products and periods and
was, after consideration, not thought to have any useful implications for the thesis. Changes in
documentation defect distribution are thus not discussed any further.
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The proportion of Algorithm/Methods defects decreased from period 1 to 2, a change which partially
retreats in period 3. These changes in the Documentation and Algorithm/Method defects are at least
partially a result of a sharp increase in the Build/Package/Merge defect class.
Build/Package/Merge defects have increased dramatically
The most obvious change in defect profiles is the increase in Build/Package/Merge defects in periods 2
and 3. The increase might possibly signal a decrease in other categories, making the proportion of
Build/Package/Merge defects larger. A more reasonable explanation is that the cause is related to
added release platforms and better organized build testing in period 2 and 3, resulting in the discovery
of a new class of defects.
This is supported by the product comparison in Figure 9, which reveals a sharp increase in build defects
in the Server and Development tool. These products were subject to increased platform support in
periods 2 and 3.

Application

Period 3
Period 2
Period 1

5,4%
8,0%
3,6%
18,6%
11,1%

Development tool
2,0%

12,7%
Server

17,8%
4,0%
0%

10%

20%

30%

40%

50%

Figure 9 Proportion of Build/Package/Merge defects per product and period
No changes in other categories in absence of the Build/Package/Merge impact
Assuming a new class of defects discovered in period 2, it is useful to look at other defect categories,
eliminating the Build/Package/Merge defects.
Defect Type
S1 S2 S3
Period 1
Period 2
Period 3
Total
Function/Class/Object
E E E
302 45.1% 96 50.5% 257 46.6% 655 46.5%
Algorithm/Method
E E E
208 31.1% 53 27.9% 170 30.9% 431 30.6%
Documentation
E E E
101 15.1% 26 13.7% 64 11.6% 191 13.5%
Assignment/Initialization
E E E
58 8.7% 15 7.9% 60 10.9% 133 9.4%
Total
S0i
E E
669 100% 190 100% 551 100% 1410 100%
Table 21 Defect Type by period (without Build/Package/Merge)
Table 21 shows the impact of removing the Build/Package/Merge and “Other” defects from the
comparison. The difference between periods is further evened out with no significant difference found
between any of the periods, both when comparing the period profiles or individual Defect Type
categories. Tables 22-24 include a product breakdown of Table 21.
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Server design has improved
Table 22 shows that the proportion of Server-related Function/Class/Object defects decreases
significantly from period 1 to periods 2 and 3.
Defect Type – Server
S1 S2 S3
Period 1
Period 2
Assignment/Initialization
E E E
6
6.9% 5
5.3%
Documentation
R E R
4
4.6% 18 18.9%
Algorithm/Method
E E E 14 16.1% 23 24.2%
Function/Class/Object
G E G 63 72.4% 49 51.6%
Total
B B E B 87
100% 95
100%
Table 22 Defect Type by period – Server (without Build/Package/Merge)

Period 3
Total
8 10.0% 19
7.3%
11 13.8% 33 12.6%
22 27.5% 59 22.5%
39 48.8% 151 57.6%
80
100% 262
100%

This change, which statistically cannot only explained by an increase in Documentation defects,
indicates improved Server design. This is important as Table 20 showed that Function/Class/Object
defects represent about 40% of the total defects and later in this thesis these defects are shown to be
among the most expensive to correct.
The change occurs in period 2 and looking at phase effort division in Table 46 (section 4.3.1), increased
proportion of requirements effort is evident but design effort far from impressive. The question arises if
added requirements work results in a more complete design discussion before the actual design starts. It
is implied here that requirements speculations in a small group of developers, could bring about most of
the benefits of a well documented design.
Comparing other product categories to the Server
Increased requirements and design effort does not seem to result the same difference for the
Development tool and Applications as shown in Table 23 and Table 24, provided here for comparison.
No significant changes occur in these categories, looking past a sudden increase in Application
Documentation defects in period 3.
Defect Type - DT
S1 S2 S3
Period 1
Period 2
Period 3
Assignment/Initialization
E E E
39
9.4% 2
9.1% 15 11.6%
Documentation
E E E
92 22.1% 3 13.6% 22 17.1%
Algorithm/Method
E E E
139 33.3% 11 50.0% 49 38.0%
Function/Class/Object
E E E
147 35.3% 6 27.3% 43 33.3%
Total
S0 E E E
417 100% 22 100% 129 100%
Table 23 Defect Type by period - Development tool (without Build/Package/Merge)

Total
56
9.9%
117 20.6%
199 35.0%
196 34.5%
568 100%

Defect Type – Application
S1 S2 S3
Period 1
Period 2
Period 3
Total
Assignment/Initialization
E E E
13
7.9% 8 11.0% 37 10.8% 58 10.0%
Documentation
E E R
5
3.0% 5
6.8% 31
9.1% 41
7.1%
Algorithm/Method
E E E
55 33.3% 19 26.0% 99 28.9% 173 29.8%
Function/Class/Object
E E E
92 55.8% 41 56.2% 175 51.2% 308 53.1%
Total
S0 E E B 165 100% 73 100% 342 100% 580 100%
Table 24 Defect Type by period - Application (without Build/Package/Merge)
Defect Types change from period 1 to 2
Looking back at the tables displayed in this section, it is interesting to notice the absence of colour from
significance column 2 (S2), representing change from period 2 to 3. It seems like most of the defect
profile changes occur between period 1 and 2. leaving no improvements to be credited to the actual
process implementation in period 3.
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4.1.2 Defect Target analysis
Defect Target analysis looks at the origin of a defect, i.e. where the error occurred that resulted in the
defect injection. Defect Target is another viewpoint on Defect Type as there is almost a functional
relationship between most Defect Type and Defect Target attribute values.
Target
S1 S2 S3
Implementation
G R E
Design
E E E
Information Development
E E G
Requirements
E E G
Build/Package/Merge
R E R
Total
B B I B
Table 25 Defect Target division by period

Period 1
Period 2
Period 3
Total
302 40.7% 79 31.6% 261 39.5% 642 38.8%
273 36.8% 93 37.2% 247 37.4% 613 37.1%
100 13.5% 26 10.4% 65
9.8% 191 11.6%
46
6.2% 18
7.2% 25
3.8%
89
5.4%
21
2.8% 34 13.6% 63
9.5% 118
7.1%
742
100% 250
100% 661
100% 1653
100%

3,8%
7,2%
6,2%

Requirements

37,4%
37,2%
36,8%

Design

39,5%
Implementation

31,6%
40,7%
9,8%
10,4%
13,5%

Information Development

Period 3
Period 2

9,5%
Build/Package/Merge

13,6%

Period 1

2,8%
0%

10%

20%

30%

40%

Figure 10 Defect Target division by period
Verification that defect profiles have changed
The first thing observed is that the Target analysis confirms previous results that defect profiles have
changed between periods. Significant change is realized when period profiles are compared and in all
individual Target classes, except Design.
Changes in Build/Package/Merge defects influence results
Changes in build-related defects were discussed briefly in the last section. Eliminating the
Build/Package/Merge category from the total is again useful to look at proportional changes in other
categories without the impact of this particular one.
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Target without Build/Package/Merge S1 S2 S3 Period 1
Period 2
Period 3
Total
Information Development
E E E 100 13.9% 26 12.0% 65 10.9% 191 12.4%
Implementation
E E E 302 41.9% 79 36.6% 261 43.6% 642 41.8%
Design
E E E 273 37.9% 93 43.1% 247 41.3% 613 39.9%
Requirements
E G E 46 6.4% 18 8.3% 25 4.2%
89 5.8%
Total
E E E 721 100% 216 100% 598 100% 1535 100%
Table 26 Defect Target by period (without Build/Package/Merge defects)

Period 3

10,9%
12,0%
13,9%

Information
Development

Period 2
Period 1
43,6%

Implementation

36,6%
41,9%
41,3%
43,1%
37,9%

Design

4,2%
8,3%
6,4%

Requirements

0%

10%

20%

30%

40%

50%

Figure 11 Defect Target division by period (without Build/Package/Merge defects)
The result of the data restriction strikes out any significant Target difference between the periods. This
is with the exception of a decrease in defects originating in Requirements in between periods 2 and 3,
which still leave no significant difference between periods 1 and 3.
Decrease in defects originating in requirements
A product breakdown is useful to verify the indifference between periods. To ensure a more descriptive
product comparison, the Build/Package/Merge category still kept out of comparison tables 24-26.
Target – Server (without B/P/M) S1 S2 S3 Period 1
Period 2
Design
E E G 61 63.5% 56 50.5%
Implementation
E E E 21 21.9% 34 30.6%
Information Development
R E R 4
4.2% 18 16.2%
Requirements
G E E 10 10.4%
3
2.7%
Total
B B E B 96 100% 111 100%
Table 27 Defect Target by period - Server (without Build/Package/Merge)
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Target – Dt (without B/P/M)
S1 S2 S3
Period 1
Period 2
Period 3
Design
E E E 140 31.8% 7 29.2% 42 29.6%
Implementation
E E E 198 45.0% 14 58.3% 75 52.8%
Information Development
E E E
92 20.9% 3 12.5% 22 15.5%
Requirements
G E E
10 2.3% 0
0.0%
3
2.1%
Total
E E E 440 100% 24 100% 142 100%
Table 28 Defect Target by period - Development tool (without Build/Package/Merge)

Total
189 31.2%
287 47.4%
117 19.3%
13
2.1%
606 100%

Target – Application (without B/P/M) S1 S2 S3 Period 1
Period 2
Period 3
Total
Design
E E E 72 38.9% 30 37.0% 163 44.5% 265 41.9%
Implementation
E E E 83 44.9% 31 38.3% 156 42.6% 270 42.7%
Information Development
E E R
4 2.2% 5 6.2% 31 8.5% 40 6.3%
Requirements
E G G 26 14.1% 15 18.5% 16 4.4% 57 9.0%
Total
B I B B 185 100% 81 100% 366 100% 632 100%
Table 29 Defect Target by period - Application (without Build/Package/Merge)
A decrease in defects originating in requirements
Looking at defects originating in missing or incorrect requirements, a significant decrease is confirmed.
This category only represents a small proportion of the total collection, but it is important as
requirements defects are considered to be the most costly to fix and a nominal decrease would affect
project costs and schedules. It should however be noted that at in the Server and Development tool, the
decrease between periods 1 and 3 is not considered statistically significant.
Looking past a confirmation of improved Server design from period 1 to 3, exaggerated by a sharp
increase in the proportion of documentation defects, other changes are not considered to provide useful
points for discussion.
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4.1.3 Customer Impact analysis
Customer Impact describes how a defect discovery changes customer perception of product quality .
Customer Impact
S1 S2 S3
Reliability
E E R
Capability
E E E
Usability
G R E
Documentation
E E G
Requirements
E E G
Performance
E E E
Installability
R E E
Integrity/Security
R G E
Migration
E E E
Servicability
R E R
Maintenance
E E E
Standards
E R R
Total
B B B B
Table 30 Customer Impact by period

Period 1
Period 2
225
30.3% 90
36.0%
167
22.5% 47
18.8%
151
20.4% 28
11.2%
99
13.3% 28
11.2%
39
5.3%
7
2.8%
16
2.2%
3
1.2%
11
1.5% 14
5.6%
10
1.3% 11
4.4%
9
1.2%
3
1.2%
9
1.2% 15
6.0%
4
0.5%
3
1.2%
2
0.3%
1
0.4%
742
100% 250
100%

Period 3
Total
245
37.1% 560
33.9%
129
19.5% 343
20.8%
110
16.6% 289
17.5%
65
9.8% 192
11.6%
15
2.3%
61
3.7%
20
3.0%
39
2.4%
19
2.9%
44
2.7%
10
1.5%
31
1.9%
3
0.5%
15
0.9%
29
4.4%
53
3.2%
5
0.8%
12
0.7%
11
1.7%
14
0.8%
661
100% 1653
100%

In Figure 12, categories representing less than 5% in all periods, are combined in to the “Other”
category.
7,5%
8,4%
5,5%
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Servicability
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Requirements
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Figure 12 Customer Impact division by period
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Product reliability decreases from period 1
The first observation is that Reliability defects increase from period 1. According to Target analysis,
about a third (32-40% in periods 1-3) of the Reliability defects originate in Design and this is another
signal that processes might not be improving design quality. It should however be considered that this
could again be due to an increased number of release platforms, making the average reliability of each
release platform worse, or simply a result of a nominal decrease in other categories.
Requirements defects are halved from period 1
It is important to find that defects affecting customer requirements have decreased. This is in line with
previous assumptions about added requirements work and the resulting decrease in all classes of
requirements-related defects. The nominal decrease from 39 in period 1 to 15 in period 3 is destined to
have impact on customer product completeness perception.
Product breakdown reveals impact of increased Server requirements work
Customer Impact -Server S1 S2 S3
Period 1
Period 2
Period 3
Total
Reliability
E G E
35 35.0% 49 36.3% 25 24.5% 109 32.3%
Capability
G E G
31 31.0% 19 14.1% 17 16.7% 67 19.9%
Usability
E E R
9
9.0% 15 11.1% 19 18.6% 43 12.8%
Documentation
R E R
3
3.0% 19 14.1% 12 11.8% 34 10.1%
Requirements
G E E
7
7.0%
1
0.7%
2
2.0% 10
3.0%
Performance
E E E
4
4.0%
3
2.2%
4
3.9% 11
3.3%
Installability
R E E
2
2.0% 10
7.4%
5
4.9% 17
5.0%
Integrity/Security
E E E
2
2.0%
2
1.5%
5
4.9%
9
2.7%
Migration
E E E
0
0.0%
1
0.7%
0
0.0%
1
0.3%
Servicability
E E E
5
5.0% 13
9.6% 10
9.8% 28
8.3%
Maintenance
E E E
2
2.0%
2
1.5%
2
2.0%
6
1.8%
Standards
E E E
0
0.0%
1
0.7%
1
1.0%
2
0.6%
Total
B B E B 100
100% 135
100% 102
100% 337
100%
Table 31 Customer Impact by period - Server
Table 31 shows a significant difference in Server-related Requirements defects from period 1 to 2. The
decrease in the proportion of Requirements defects in period 2 is considerable, almost eliminating this
class of defects. The functionality effect of the change is underlined when considering significant
Capability improvements from period 1.
In this context it is useful to look at Table 46 as before, where Server requirement effort has increased
in period 2 and 3 when compared with period 1. This increased requirement effort seems to propagate
to the proportion of Requirements and Capability defects reported.
The nominal number of defect reports behind these assumptions should be kept strongly in mind as only
10 defect reports make up the total behind the requirements category. Any proportional comparison
based on 10 instances, however statistically significant it may be, does not provide a strong building
block for any serious assumptions.
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Figure 13 Customer Impact division by period – Server
Development tool functionality improved
Turning the Customer Impact focus towards the Development tool, Table 32 provides the same kind of
requirements results as found for the Server.
Customer Impact – Dt
S1 S2 S3
Period 1
Period 2
Period 3
Reliability
R G E 135
30.0% 15
55.6% 45
26.2%
Capability
G E E
81
18.0% 2
7.4% 22
12.8%
Usability
G R R 111
24.7% 2
7.4% 63
36.6%
Documentation
E E G
91
20.2% 4
14.8% 20
11.6%
Requirements
G E E
9
2.0% 0
0.0%
1
0.6%
Performance
G R E
8
1.8% 0
0.0%
4
2.3%
Installability
E E R
5
1.1% 1
3.7%
8
4.7%
Migration
E E E
9
2.0% 1
3.7%
3
1.7%
Servicability
E E E
0
0.0% 2
7.4%
3
1.7%
Maintenance
E E E
0
0.0% 0
0.0%
1
0.6%
Standards
E E E
1
0.2% 0
0.0%
2
1.2%
Total
B B I B 450
100% 27
100% 172
100%
Table 32 Customer Impact by period - Development tool
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The functionality impact of improved requirements, is again emphasized by a significant decrease in the
proportion of Capability defects. Capability defects are more than halved from period 1 to 2. but slide
back in period 3 making the difference from period 1 to 3 insignificant. When comparing these
changes, the number of defects in each period should be noticed, where in period 1 there are 450 reports
behind the profile but only 27 in period 2. This limits the real world implications of significance
columns S1 and S2 in Table 32.
Application usability improving but reliability fades
Table 33 shows Customer Impact analysis for the Application category
Customer Impact – Application S1 S2 S3
Period 1
Reliability
E R R 55 28.6%
Capability
E E E 55 28.6%
Usability
E E G 31 16.1%
Documentation
E E R
5
2.6%
Requirements
E E G 23 12.0%
Performance
G R E
4
2.1%
Installability
E E E
4
2.1%
Integrity/Security
E G E
8
4.2%
Migration
E E E
0
0.0%
Servicability
G R E
4
2.1%
Maintenance
E E E
2
1.0%
Standards
E R E
1
0.5%
Total
B I B B 192 100%
Table 33 Customer Impact by period - Application

Period 2
Period 3
Total
26 29.5% 175 45.2% 256 38.4%
26 29.5% 90 23.3% 171 25.6%
11 12.5% 28
7.2% 70 10.5%
5
5.7% 33
8.5% 43
6.4%
6
6.8% 12
3.1% 41
6.1%
0
0.0% 12
3.1% 16
2.4%
3
3.4%
6
1.6% 13
1.9%
9 10.2%
5
1.3% 22
3.3%
1
1.1%
0
0.0%
1
0.1%
0
0.0% 16
4.1% 20
3.0%
1
1.1%
2
0.5%
5
0.7%
0
0.0%
8
2.1%
9
1.3%
88 100% 387 100% 667
100%

In the Server and Development tool, Usability defects rise dramatically between periods 1 and 3 but the
proportion of Application Usability defect reports decreases between periods.
Another noticeable trend is the dramatic increase in Reliability defects in period 3. This change can
partially be traced to low design quality as 45% (80 defect reports) of the total originate in design
versus 34% in period 1 and 30% in period 2.
Having mentioned these two trends, it should be kept in mind, that bad reliability contributes to the
overall usability of the product, and therefore it is difficult to separate these two, making isolated
assumptions about high usability but low reliability.
The proportion of Application Requirements defects goes down between periods and there is no change
in Capability-related defects for this product category.
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4.1.4 Defect Severity analysis
Defect Severity measures the magnitude of Customer Impact if a defect surfaces. It should be noted,
that Severity categories do not reflect the magnitude of the impact, i.e. a defect in Severity category 2 is
by no means twice as severe as a defect in category 1.
Severity
S1 S2 S3
Period 1
Severity 1
G
E G
168
22.6%
Severity 2
E
R E
271
36.5%
Severity 3
R E E
268
36.1%
Severity 4
R E E
35
4.7%
Total
B B
I
B
742
100%
Table 34 Defect Severity division by period

Period 2
32
12.8%
76
30.4%
118
47.2%
24
9.6%
250
100%

Period 3
96
14.5%
246
37.2%
272
41.1%
47
7.1%
661
100%

Period 3

7,1%
9,6%
4,7%

Severity 4

Total
296
17.9%
593
35.9%
658
39.8%
106
6.4%
1653
100%

Period 2
Period 1
41,1%

Severity 3

47,2%
36,1%
37,2%
30,4%

Severity 2

36,5%
14,5%
12,8%

Severity 1

22,6%
0%

10%

20%

30%

40%

50%

Figure 14 Defect Severity division by period
Product representation in each period skews the analysis
A sharp decrease in the proportion of defects of Severity 1 is realized in periods 2 and 3. Initially this is
suspected to be the result of external testers, hired to test the Development tool in period 1. The
externals tested the Development tool extensively and due to reporting incentives, were perhaps more
aggressive in reporting minor Usability defects than the regular testing team. Looking at an initial
product breakdown in Table 35, this theory is still valid as the proportion of Development tool defects
of Severity 1 seems to be much higher than in other product categories.
Severity
S1 S2 S3
Server
Severity 1
R G G
46
13.6%
Severity 2
E
E E
129
38.3%
Severity 3
G
R E
142
42.1%
Severity 4
E
R R
20
5.9%
Total
B B B B
337
100%
Table 35 Customer Severity division by product

DT
193
236
199
21
649

43

29.7%
36.4%
30.7%
3.2%
100%

Application
57
8.5%
228
34.2%
317
47.5%
65
9.7%
667
100%

Total
296
17.9%
593
35.9%
658
39.8%
106
6.4%
1653
100%
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Looking in more detail into period profiles for the Development tool, the external testers impact can be
rejected as there is no significant difference between Severity 1 defects between periods. This is shown
in Table 36.
Severity - Dt
S1 S2 S3
Period 1
Period 2
Severity 1
E
E E
136
30.2%
7
25.9%
Severity 2
G
R E
159
35.3%
4
14.8%
Severity 3
R G E
139
30.9% 15
55.6%
Severity 4
E
E E
16
3.6%
1
3.7%
Total
B B B E
450
100% 27
100%
Table 36 Customer Severity division by period - Development tool

Period 3
50
29.1%
73
42.4%
45
26.2%
4
2.3%
172
100%

Total
193
29.7%
236
36.4%
199
30.7%
21
3.2%
649
100%

As a larger proportion of Development tool defects is of Severity 1 than is the case in other product
categories, the large proportion of Development tool defects represented in period 1, skews the Severity
analysis.
The Server and Application product categories are provided for comparison.
Severity - Server
S1 S2 S3
Period 1
Period 2
Severity 1
E E E
13
13.0%
17
12.6%
Severity 2
E E G
47
47.0%
48
35.6%
Severity 3
E E E
37
37.0%
65
48.1%
Severity 4
E R R
3
3.0%
5
3.7%
Total
B E E B 100
100% 135
100%
Table 37 Customer Severity division by period - Server

Period 3
16
15.7%
34
33.3%
40
39.2%
12
11.8%
102
100%

46
129
142
20
337

Total
13.6%
38.3%
42.1%
5.9%
100%

Severity - Application
S1 S2 S3
Period 1
Period 2
Period 3
Total
Severity 1
E E E
19
9.9% 8
9.1% 30
7.8% 57
8.5%
Severity 2
E E E
65
33.9% 24
27.3% 139
35.9% 228
34.2%
Severity 3
E E E
92
47.9% 38
43.2% 187
48.3% 317
47.5%
Severity 4
R G E
16
8.3% 18
20.5% 31
8.0% 65
9.7%
Total
B B B E 192
100% 88
100% 387
100% 667
100%
Table 38 Customer Severity division by period - Application
Sharp rise in serious Application and Server defects
A worrying Application Severity trend is found in period 3, where defects of Severity 4 (causing
customers to abandon the product) rise sharply.
Relation of defects of Severity 4 to Customer Impact as shown in Table 39 .
Severity 4 defects
Server
Development tool
Application
Customer Impact Period1 Period2 Period3 Period1 Period2 Period3 Period1 Period2 Period3
Maintenance
1
1
Migration
1
4
1
Integrity/Security
1
2
4
6
3
Installability
1
3
3
2
1
1
2
Performance
1
4
1
1
3
Requirements
1
1
Documentation
2
1
1
1
3
3
Usability
1
Capability
2
1
6
5
6
Reliability
2
4
1
1
2
1
14
Table 39 Customer Impact by product – for defects of Severity 4
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It seems like no particular Defect Types are causing the sharp rise for the Server but Application change
seems to be the caused by a reliability meltdown. Of the 14 reliability defects in Application period 3, 8
originate in design and 6 in implementation.
Another noticeable trend is the constant number of Application Capability defects, where the high
number of Severity 4 defects (6,5,6 in periods 1,2,3 respectively) indicates total lack of requirements
and feature control. Looking at the effort put into Application requirements and design in Table 47, no
obvious explanation or cause of this situation can be directly derived from the effort comparison. The
proportion spent on requirements and design is not significantly lower for the Application product
category compared to others.
4.1.5 Defect profile analysis summary
Product quality
In periods 2 and 3, increased platform support and better platform testing resulted in a change in defect
profiles in the Server and Development tool product categories. The main effect was a significant
increase in all classes of build-related defects. This class of defects was in many cases excluded from
comparison tables, to better understand proportional changes in other categories.
An important trend is the lack of a proportional decrease in design-related defects. Only in the Server
category is there any sign of improved design. In Development tool and Application categories, no
significant change could be measured in any type of comparison, where improved design should have
resulted in a profile change between periods.
A decrease in Requirements defects ratio was however realized for all products, where the proportion of
Server-related and Development tool-related Requirements defects decreased up to 75% between
periods 1 and 2.
The proportion of defects relating to documentation did also change but those changes are not
considered to be in any way related to the process implementation and are therefore left out of the
discussion.
Customer Impact and Severity
Looking at Customer Impact and Severity analysis and stating the customer is better off in terms of
product quality, has to be put in context with how different customers value measured product
attributes.
Application functionality seems to be poor, but for a customer looking for completeness in Server and
Development tool functionality and is ready to look past occasional interruptions, this customer is
relatively better off in periods 2 and 3.
A customer valuing stability of the software, i.e. that it performs its operations consistently and without
unplanned interruptions, is however relatively worse off in period 3 than in period 1.
Any general assumptions made in this context are just an indication of total quality delivered to the
customer as other aspects resulting from the process improvement, such as service level, delivery time
and responsiveness are not considered in this thesis.
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4.2 Defect cost analysis
The defect cost analysis assigns costs to defect profiles. The costs assigned are assumed to be the same
for all periods and are later used to estimate average costs of fixing defects in each period. This section
is divided into three subsections, each based on an ODC category used for cost calculations.
•

4.2.1 Defect Type

•
•

4.2.2 Defect Target
4.2.3 Customer Impact

Limitations in this section
It should be emphasized that due to time registration methods in period 1, the cost of fixing individual
defects in that period could not be found. Most of the data does in fact originate in period 3 with only
15 of the 115 defects used taken from period 2. This limits the use of the analysis and prevents any
kind of periodic comparison.
Low count categories are generally not discussed in any detail in this section but it is left up to the
reader to estimate the applicability of associated costs.
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4.2.1 Defect Type cost analysis
Defect Type cost analysis compares cost (hours) of fixing individual defects based on what kind of
correction was applied to remove the defect.
Avg
Stdev??
Median
Defect Type
Count
(hrs)
(hrs)
(hrs)
Function/Class/Object
57
6.2
9.4
3,3
Algorithm/Method
36
5.6
5.8
2,4
Documentation
4
4.8
5.5
2,3
Assignment/Initialization
9
4.1
5.9
1,7
Interface/OO Messages
2
2.1
1.6
3,3
Build/Package/Merge
3
1.9
1.6
2,6
Checking
4
1.9
0.9
2,1
Table 40 The cost of fixing a defect based on Defect Type

Max
Avg+3stdev
(hrs)
(hrs)
52.3
34.3
23.0
23.0
12.5
21.3
18.8
21.7
3.3
6.9
3.3
6.8
3.3
4.7

The Defect Type costs are summarized in Figure 15 where only the top 3 count categories are included
leaving categories represented by less than 5 defects out of the discussion.
60
Function/class/object
50

Algorithm/Method
Assignment/initialization

Hours

40
30
20
10
0
Average

Median

Max

Average+3*Stdev

Figure 15 The cost of fixing a defect based on Defect Type
Similar fixing costs between design and implementation originated defects
Here it should first be noted that the three types of defects compared in Figure 15 point to different
origin in the project phase. Function/Class/Object defects originate in design or requirements,
Algorithm/Method errors in detailed design or implementation and Assignment/Initialization to
implementation.
The most surprising result is the lack of difference between the three categories. The average cost a
Function/Class/Object defect is only 11% higher than of an Algorithm/Method defect, which in turn is
only 15% more expensive to fix than an Assignment/Initialization defect. The three categories can in
fact be assumed to be drawn from a population with the same median, according to the rank-sum test in
Table 41. This means that any observed difference between these categories cannot be considered
significant.
ID Defect Type
1
2
3
1 Function/Class/Object
1.000
2 Algorithm/Method
0.810 1.000
3 Assignment/Initialization 0.355 0.262 1.000
Table 41 Rank-sum test on Defect Type costs
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A wide gap between the costs of fixing design and implementation defects is widely reported. Grady 44
reports costs ratio of 2.25 against 6.25 (1:2.8) respectively but here the ratio is at most 4.1 against 6.2
(1:1.5). A comparison between these cost escalation factors is included in more detail in section 4.4.1.
The risk factor
Even though differences in average costs are not staggering, the risk of expensive defects is more in the
Function/Class/Object category than when fixing Implementation defects. The risk of running into
Function/Class/Object defects that cost up to 5-10 times the average could have an impact on project
risk plans. It should however be kept in mind that only 2 out of 57 Function/Class/Object defects (3.5%)
cost more than 30 hours to fix.

44

[Grady 1994]
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4.2.2 Defect Target cost analysis
Defect Target cost analysis compares cost of fixing individual defects based on the root cause of the
defect. Results are shown in Table 42 and Figure 16.
Avg
Stdev
Median
(hrs)
?(hrs)
(hrs)
Design
58
6.1
9.3
2,5
Implementation
51
4.9
5.5
3,0
Information Development
4
4.8
5.5
3,3
Build/Package/Merge
2
1.3
1.5
1,3
Table 42 The cost of fixing a defect based on Defect Target
Target

Count

Max
(hrs)
52.3
23.0
12.5
2.3

Avg+3stdev?
(hrs)
34.0
21.5
21.3
5.8

Hours

60
50

Design
Implementation

40

Information Development
Build/Package/Merge

30
20
10
0
Average

Median

Max

Average+3*Stdev

Figure 16 The cost of fixing a defect based on Defect Target
Looking at Table 42, the small number of items behind Build/Package/Merge and Information
Development and the total lack of Requirements defects, limits any kind of analysis that can be based
on these numbers.
Averages fixing costs are similar but risk is not
The average cost of fixing Design errors is measured 25% higher than the average cost of fixing
Implementation defects. This is a marginal difference, which turns the other way, when comparing
median values for the same categories. The rank-sum test for the comparison of cost distribution of
these categories is provided in Table 43 and confirms that any observed difference cannot be considered
significant.
ID Target
1
2
1
Design
1.000
2
Implementation
0.274 1.000
Table 43 Rank-sum test on Defect Target costs
The implications of the cost escalation factor, calculated from the average, is discussed in section 4.4.2.
Looking beyond the average, the fluctuation in Design defect costs are far more than for
Implementation and Build/Package/Merge defects. As discussed briefly in previous sections, this
contributes to project risk factor, when allowing design defects to slip into the implementation phase.
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4.2.3 Customer Impact cost analysis
The Customer Impact analysis assigns costs to defect based on Customer Impact attribute values.
Looking at the data collection in Table 44, only the three most populated categories can be considered
for the analysis; Capability, Reliability and Usability. These are compared in Figure 17.
Count

Average

Stdev

Median

Reliability
53
5,0
5,1
Capability
29
8,5
12,2
Usability
13
2,3
2,3
Servicability
5
3,4
3,2
Documentation
4
4,8
5,5
Performance
4
1,5
0,6
Standards
3
9,6
11,6
Requirements
1
1,6
0,0
Installability
1
0,2
0,0
Integrity/security
1
9,8
0,0
Maintenance
1
2,3
0,0
Table 44 The cost of fixing a defect based on Customer Impact

Max
3,2
3,4
1,6
1,7
3,3
1,5
3,5
1,6
0,2
9,8
2,3

20,1
52,3
8,7
7,7
12,5
2,0
23,0
1,6
0,2
9,8
2,3

Average +
3*Stdev
20,3
45,1
9,3
13,0
21,3
3,2
44,4
1,6
0,2
9,8
2,3

60
Capability
50

Reliability
Usability

Hours

40

30

20

10

0
Average

Median

Max

Average + 3*Stdev

Figure 17 The cost of fixing a defect based on Customer Impact
Fixing missing functionality is the most expensive
Capability defects, indicating missing functionality in the product, are the most expensive ones as
expected when comparing only the three most populated categories. The second in line are Reliability
errors, followed by Usability errors.
A noticeable difference is between the average cost of these categories with Capability errors 70% more
expensive than Reliability errors, which in turn cost more than twice as much as the Usability errors to
fix on average.
This is not surprising as a number of the Usability defects represent Development tool and Application
interface design. These defects are often trivial to fix but Capability errors refer to expected or required
functionality, which sometimes needs careful consideration to be included in the product.
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ID Target
1
2
3
1 Capability
1.000
2 Reliability
0.446 1.000
3 Usability
0020 0.035 1.000
Table 45 Rank-sum test on Customer Impact costs

4

Comparing the median of these categories it can be read that there is a difference between the cost of
fixing Usability defects on one hand, and Capability and Reliability defects on the other. The
significance of this observation is confirmed in through the rank-sum test in Table 45.
4.2.4 Defect cost summary
The main result of the defect cost analysis is that cost escalation factors, indicating cost rise when a
defect goes undetected between production phases, are not as dramatic as widely reported. These
factors, as calculated here, range from 1.1-1.5 per production phase. This is discussed in more detail in
section 4.4.2
Only 115 defect reports form the basis for the defect cost analysis. This limits the significance of the
results and have to be kept in mind when interpreting the results. In fact, statistical tests almost reject
all significant differences of interest.
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4.3 Project phase analysis
Project phase analysis is based on time registration for the collection of projects included in the
analysis.
This section is divided into the following subsections:
•

4.3.1 Project phase introduction and overview

•
•

4.3.2 Project phase analysis by product
4.3.3 Project phase analysis by period
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4.3.1 Project phase introduction and overview
Table 46 shows the project phase effort division for all 13 projects included in the analysis.
Projects
Period
Reqs
Design
Coding
Application
1
4.1%
4.3%
58.3%
Development tool
1
2.6%
14.3%
44.4%
Development tool
1
2.9%
3.7%
26.7%
Server
1
0.0%
8.2%
40.9%
Server
1
3.6%
0.8%
51.5%
Application
2
7.4%
1.0%
37.8%
Development tool
2
4.1%
1.0%
50.0%
Server
2
18.6%
11.6%
37.9%
Server
2
14.1%
13.2%
33.4%
Application
3
38.9%
22.8%
4.9%
Application
3
11.8%
4.0%
32.8%
Development tool
3
32.0%
5.6%
41.5%
Server
3
18.3%
6.0%
33.7%
Table 46 Effort division by project release and project phase

ProjectOther
Management
2%
5%
Bug-Fix
14%

Testing
19.3%
20.4%
39.2%
30.9%
23.0%
16.3%
13.5%
14.4%
15.1%
10.9%
22.1%
1.9%
2.4%

Bug Fix
12.4%
17.2%
20.6%
17.4%
13.9%
30.7%
19.1%
10.6%
13.1%
10.5%
20.0%
10.4%
33.8%

PM
1.6%
1.2%
6.9%
2.6%
7.2%
6.8%
12.3%
6.8%
11.1%
12.0%
9.3%
8.5%
5.8%

Requirements
12%
Design
7%

Testing
15%

Documentation
9%

Coding
36%

Figure 18 Weighted average of project effort phase division
A project is only halfway through when coding is completed
Looking at the 13 projects included in the analysis and the weighted average presented in Figure 18,
the first observation made is that the average project is only halfway through in terms of effort, when
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requirements, design and coding are completed. Overall, this is in line with results reported by others,
e.g. Grady 45. A comparison between the results of this research and Grady’s is provided in section 4.4.
4.3.2 Project phase analysis by product category
The average effort for each product, shown in Table 47 is a weighted average but nominal effort is not
displayed, only proportion of total effort.
Project phase by products S1 S2 S3
Server
Requirements
E E E XXX 11.1%
Design
E E E XXX
7.7%
Coding
E E E XXX 34.1%
Documentation
E E E XXX 11.0%
Testing
E E E XXX 14.5%
Bug-Fix
E E E XXX 14.1%
Project-Management
E E E XXX
5.8%
Other
E E E XXX
1.7%
Total
E E E XXX 100%
Table 47 Project effort division by phase and product

Other

Project-Management

1,7%
1,9%
4,6%

Total
XXX 12.1%
XXX
6.9%
XXX 34.8%
XXX
9.2%
XXX 14.8%
XXX 14.2%
XXX
5.5%
XXX
2.4%
XXX 100%

Development tool

5,8%
5,3%
5,4%

Application

14,1%
13,5%
16,0%

Testing

14,5%
14,5%
15,9%
11,0%
8,6%
7,2%
34,1%
35,4%
35,0%

Coding

Design

Application
XXX 10.4%
XXX
5.5%
XXX 35.0%
XXX
7.2%
XXX 15.9%
XXX 16.0%
XXX
5.4%
XXX
4.6%
XXX 100%

Server

Bug-Fix

Documentation

DT
XXX 13.8%
XXX
7.0%
XXX 35.4%
XXX
8.6%
XXX 14.5%
XXX 13.5%
XXX
5.3%
XXX
1.9%
XXX 100%

7,7%
7,0%
5,5%
11,1%
13,8%
10,4%

Requirements
0%

10%

20%

30%

40%

50%

Figure 19 Project effort division by phase and product
No significant difference between products
The similarity of the products is staggering. The colours are not missing from Table 47, there really is
no significant difference to be found in the phase effort distribution comparison between products.

45

[Grady 1992]
54

University of Iceland

Process implementation impact results

The magnitude of the standard deviation, shown in Table 48, does however signal considerable differences not seen in the aggregated comparison. This can be verified by reading through Table 46 and
comparing each project with the product average.
Stdev
Server
DT
Application
Requirements
5.7
14.7
2.2
Design
3.3
4.5
1.6
Coding
8.3
16.6
10.5
Documentation
7.1
5.5
3.7
Testing
4.3
8.8
2.8
Bug-Fix
2.8
4.8
2.6
Project-Management
1.7
3.4
0.8
Other
0.8
0.7
1.7
Table 48 Project phase analysis standard deviation
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4.3.3 Project phase analysis by period
Period phase analysis looks at the average effort distribution within each period.
Project phase
S1 S2 S3
Period 1
Requirements
R
R R
2.6%
Design
E
E
E
7.1%
Coding
G
E
G
41.1%
Documentation
R
E
R
2.4%
Testing
G
G
G
24.4%
Bug-Fix
E
E
E
15.6%
Project-Management
E
E
E
3.2%
Other
G
E
E
3.6%
Total
B
B
B
B
100%
Table 49 Project effort division by project phase and period
Other

Period 2
12.3%
7.7%
31.3%
16.4%
12.4%
12.8%
6.6%
0.4%
100%

Period 3
23.3%
6.2%
30.2%
11.2%
5.3%
13.8%
7.4%
2.6%
100%

2,6%
0,4%
3,6%

Project-Management

Total
12.1%
6.9%
34.8%
9.2%
14.8%
14.2%
5.5%
2.4%
100%

Period 3
Period 2

7,4%
6,6%
3,2%

Period 1

13,8%
12,8%
15,6%

Bug-Fix
Testing
Documentation

5,3%

12,4%
11,2%

2,4%

24,4%

16,4%
30,2%
31,3%

Coding
Design
Requirements

23,3%

12,3%

2,6%
0%

41,1%

6,2%
7,7%
7,1%

10%

20%

30%

40%

50%

Figure 20 Project effort division by project phase and period
Increased requirements work but testing effort halved
Comparing project phase division between periods, the increased requirements effort stands out along
with the fact that the proportion of testing in periods 2 and 3 less than half that of period 1. Incidentally,
half of the testing effort in period 1 (47%) can be traced to the previously-mentioned testing team hired
to test the Development tool. Looking through Table 46 it seems, however, that testing is in all cases a
significantly larger part of the overall effort in period 1, not only for the Development tool.
One obvious interpretation for process enthusiasts is that the processes deliver better quality products,
which results in less need for testing. Processes also produce better-organized testing, resulting in less
time spent on the same kind of test coverage as organized test documentation results in greater
repeatability of test processes, which saves considerable time.
This could also raise concerns regarding time registration. If implementation methods in period 1 can be
described as a test-and-fix process, some parts of the implementation effort might be erroneously
registered to the test phase, skewing the comparison between periods. When analysed in detail, time
registration data does not reveal any clear answers regarding the applicability of these speculations.
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4.4 Collecting and comparing the results
This section brings together the defect profile analysis in section 4.1, defect cost analysis in section 4.2
and project phase analysis in section 4.3
4.4.1 Adjusted project phase effort compared with Grady’s numbers
In this section, total effort has been adjusted to compare with results provided by Grady 46. The
adjustment results in the exclusion of project management, bugfix and documentation effort from the
total. The adjusted average effort division is shown in Figure 21. The numbers in the parenthesis next
to the period legend represent number of projects behind the average in each period.

17%
17%

Test

34%
48%
55%
55%

Implementation

10%
8%
8%

Design

Period3 (4)
25%

Requirements /
Specification

Period2 (4)

20%
3%
0%

Period1 (5)
10%

20%

30%

40%

50%

60%

Figure 21 Adjusted project effort division by phase and period

Server

Development
tool

Application

Period 1

Period 2

Period 3

All

Research

Applications

Research periods

Systems

Number of cases
Requirements
Design
Implementation

Research products

Firmware

Grady

31
15%
21%
39%

48
14%
19%
30%

53
22%
16%
34%

5
16%
10%
51%

4
13%
9%
55%

4
19%
9%
50%

5
3%
8%
55%

4
20%
8%
55%

4
25%
10%
48%

13
16%
10%
51%

Test
25% 37%
28% 23%
24%
22% 34% 17%
Total
100% 100% 100% 100% 100% 100% 100% 100%
Table 50 Effort phase division comparison between present research and Grady

17%
100%

23%
100%
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17%
23%
28%

Test

37%
25%
48%
51%
34%

Implementation
30%

39%
10%
10%
16%
19%
21%

Design

25%
16%

Requirements /
Specification

22%
14%
15%
0%

10%

20%

30%

This research - Period 3 (4)
This research - all (13)
GRADY-Applications (53)
GRADY-Systems (48)
GRADY-Firmware (31)
40%

50%

60%

Figure 22 Adjusted project phase division compared with Grady
Low proportion of design work is confirmed
Comparing this research’s total average to Grady’s averages reveals similarities in the way projects are
developed. Previous assumptions regarding lack of design effort, summarized in section 4.1.5 are
however confirmed. Design effort average in this research never reaches more than 10% of total work
for any product or period while Grady’s average runs from 16-21% of total effort.
Implementation takes a smaller proportion of the effort in Grady’s results than in the projects included
in this research. This could indicate that the design work partially takes place during implementation
rather than in a separate phase before coding starts i.e. that developers failed to properly distinguish
between design and implementation work in their time tracking practices.
In this context, the previously suggested connection between added requirements efforts and improved
Server design should also be considered. Design work might in some cases be concealed within
requirement and implementation efforts, indicating that the design effort is created informally, and not
tracked as a separate activity.
Server design improvements could also simply be the result of increased development experience.
Developers tend to have a much clearer picture of product expectations when starting to implement the
same product for the third time, even though the technical architecture is different.

58

University of Iceland

Process implementation impact results

4.4.2 A comparison of cost escalation factors
Grady 47 presents cost escalation factors which are used to estimate the cost escalation of defects if
found during the project phase where it is injected vs. in system test. In this research all defects are
considered to be found during system testing, allowing a limited comparison to be made.
The factors presented in this research range from 1.1 to 1.5. that is, a suggested 10-50% escalation of
fixing costs, when a defect slips between production phases without being discovered.
Phase where a defect is
injected

Specification
Design
Code (Implementation)
Other

Grady (hours /
defect)

Grady escalation
factor

14.25
6.25
2.5
1

2.28
2.50
2.50

Adjusted GSJ
effort
(hours/defect)

3.9**
3.1**
2.5**
2.0**

GSJ escalation
factor

1.25*
1.25
1.25*

Table 51 Production phase cost escalation factors
*The cost escalation factors from “Other” to Code and from Design to Specification are not based on
any measurement, but copied from the Code to Design measurement and used as-is.
**Actual costs (hrs/defect) for this research are not measured costs, but normalized costs, using the escalation factors, starting from the 2.5 baseline for comparison with Grady.
As data was limited in the defect cost analysis, this study relies on the escalation factor from Code
(Implementation) to Design defect corrections. This factor is calculated to be 1.25. which is then used
to directly represent the other phase factors, based on the fact that Grady reports approximately the
same escalation between project phases (2.28-2.5). Defect cost only rises 25% from Code
(Implementation) to Design in this study while Grady reports 150% rise.
Grady 48 does not specify in detail what kind of defects lie behind each category; hence it is difficult to
state whether or not the comparison is justifiable. Project phase definition for both sides, is an absolute
a priori for this kind of comparison but is not included here.
Boehm’s cost of change factors
Putting these factors into a different context, Boehm49 reports a wide range of factors.
•

From code into field 100:1 for severe defects

•
From code into field 2:1 for non-severe defects
•
Payback of 5:1 up to 10:1 in early prevention rework in small systems (2 to 5 KSLOC)50
It should, however, be noted that most authors, e.g. Boehm, provide cost escalation factors originating
in large software projects in big organizations. This context is too often left out when presenting these
factors for comparison.
Bringing Boehm’s numbers as close to this context as possible, a replacement factor of 2-5 would
probably be a roughly estimated projection, which is in any case, above what is reported in this study
but closer to Grady’s factors.
Bringing the implications of the cost escalation factors into a different light, Boehm51and Grady 52
present a steep curve of cost of change over time while XP evangelists53 report a flatter curve. The
flatter XP curve seems to be much closer to the results of this study.

47

[Grady 1993]
[Grady 1993]
49
[Shull 2002]
50
[Boehm 2004]
51
[Boehm 1981]
52
[Grady 1992]
48
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Cost of change

Boehm
Grady

XP
This research

Time

Figure 23 Indications of cost in time
The speculations in this section have to be taken with a grain of salt, since such direct comparison is
done here with very casual context adjustment.
4.4.3 Using growth factors to estimate average cost of defects
Based on the average defect profile for the three periods and the cost factors detailed in section 4.2, the
average cost of defects for each period can be found. A weighted average of defect profile costs was
calculated in three different ways and compared to Grady’s averages.
•

From Defect Target. Costs for Defect Type in categories represented by less than 10 values were
combined into a single category. Only defects with Design and Implementation Target remained.
The “Other” category costs were scaled down with the same factor as the difference between
Implementation and Design defects (cost escalation factor of 1.25).

•

From Customer Impact. Costs for Customer Impact categories represented by less than 10 values
were combined into a single category. Only Capability, Reliability and Usability defects
remained. The combined category costs were estimated to be equal to the average of all included
categories.

•

From project phase analysis: The average cost of defects was calculated from the effort spent on
bug fixing, divided onto actual valid defects reported and fixed.

Average cost of fixing a defect
Defect Target
Customer Impact
Section cost analysis

Period 1
5.4
5.0
2.9

Period 2
5.3
5.1
5.6

Grady
4.4
4.4
Table 52 Average cost of fixing a defect in each period

53

[Beck 1999]
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Period 3
5.3
5.0
3.6

Total
5.3
5.1
3.6

4.1

4.2
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6
5

Period 1

Period 2

Period 3

Total

4
3
2
1
0
Defect target

Customer impact

Project phase
analysis

Grady (normalized)

Figure 24 Average cost of fixing a defect in each period
The average cost of fixing a defect ranges from 2.9 to 5.4 hours. The difference seems to lie entirely in
the method used, and only in the case of project phase analysis is there any visible difference between
periods.
The cost difference in the project phase analysis has probably more to do with the fact that time
registration in period 1 is not consistent with periods 2 and 3 which might result in bug-fix effort not
being tracked as explicitly in period 1 as in period 2 and 3. In light of this, the difference between
periods 2 and 3, where the cost of fixing a defect drops dramatically, is interesting but further
conclusions are not drawn from this comparison.
It is interesting to see how closely the results of this study compare with Grady’s results. Great
differences in the cost escalation factors seem to even out when the average cost for a period is
calculated.
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5 Conclusion
This chapter summarizes results presented in chapter 4 and discusses implications of the case study and
in general.
5.1 Product quality and process impact in general
Process improvement impact has to be reviewed with the research limitations in mind. The lack of
absolute defect density measures limits conclusions that can be drawn from the study. Also, product
complexity and development effectiveness is not estimated in any way and so attempt is made to
estimate whether project schedules were more accurate, more projects were delivered on time or
projects were generally produced with lower costs.
Requirement management and product functionality improved
Increased commitment to create and maintain requirements in period 2 and 3 is evident through time
registration. This results in a proportional decrease in defects originating in requirements errors, visible
in all project categories.
The effects of the increased requirements effort was also realized when looking at Customer Impact, as
defect attributes indicating missing functionality represented a smaller proportion of defects in periods 2
and 3 than in period 1. The Severity of defects did overall not change.
Design and reliability did not improve
One of the goals of the process implementation was to ensure development process scalability, with
documented design as a key selling point. Project development checkpoints, defined to ensure the
execution of required design activities, did however fail. Design effort, as a percentage of total effort,
did not change significantly between periods and the proportion of design originated defects remained
almost unchanged. This signifies framework failure to ensure for improved design or simply that
developers were not adhering to the processes.
Build/Package/Merge defects increased as a result of more release platforms
Increased number of different Server and Development tool platforms were supported in period 2 and 3.
In accordance with wider platform support, more effort was put into build testing. The added platform
support and improved testing contributed to a significant increase in Build/Package/Merge defects in
period 2 for those products.
Cost escalation factors lower than reported elsewhere
An important cost result appears in the form of a cost escalation factor, measuring relative cost increase
when a defect slips undiscovered from Design phase into Implementation. This factor is found to be
1.25, which is considerably smaller than reported elsewhere.
A number of factors have to be taken into consideration when evaluating the implications of this factor.
The company is small, which makes finding and fixing a defect in late stages of development easier
than in a large environment where technical knowledge of the product internals is more distributed.
The low cost escalation factors could also be an indirect consequence of the fact that developers were
not creating design documents as directed by process guidelines. Managing change (corrections) in
non-existent design documents is usually trivial. The failure to create and maintain design documents
influences the cost escalation factors heavily; it lowers the cost of fixing design defects in the short run,
but can cause severe complications and costs in the long run.
Requirement effort increased as a result of a culture change
All three product categories included in the research have the same project phase effort division. This
means that the amount of work is distributed similarly across requirements, design, implementation,
testing and bug-fix, in each product category.
Effort distribution per phase changed with the introduction of structured time registration and the
change continued with the process implementation. As mentioned in the defect profile discussion,
requirements effort increased sharply in periods 2 and 3. The introduction of structured time
registration, making basic flow requirements visible and encouraging users to work in an organized
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way, contributes more than the formal process implementation. Most of the profile changes relating to
effort distribution emerged between periods 1 and 2 and were then held in period 3.
Process design workflow was politely ignored by developers
The proportion of design-related defects seems to be in tact with actual effort spent on design, as it
remained unchanged for most product releases. An exception is found in the Server release in period 3,
where design effort was clearly a larger proportion of the total work effort. This seems to be reflected in
a significant decrease in design related defects for that Server release.
Having noticed the increase in requirements effort, it is surprising that the proportion of design work
stays the same throughout the three periods. This indicates an apparent failure in process
implementation. While project process compliance was observed and reported by project managers and
leaders, there seems to have been a widespread consensus about ignoring explicit design activities
imposed by the processes.
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Summary
•

•

Defect profiles
−

Requirements defects decreased in all projects, in direct correspondence with increased
requirements effort.

−

Design-related defects represent about 40% of all defects. The proportion of Design
defects did not change significantly between periods.

−

Coding errors and other defects relating to implementation errors represent 40% of the
defects.

−
−

Build-related defects increase in periods 2 and 3 as a result of a wider platform support and
improved platform testing.
In periods 2 and 3, customers are relatively better off in terms of product quality when
measured in terms of functionality, but worse when it comes to product reliability and
usability.

−

The Severity of Customer Impact, resulting from defects, did not change between periods.

Defect costs
−
−

−
•

Design defects are on average 25% more expensive to fix than Implementation defects, but
have the risk potential of being up to twice as expensive.
Function/Class/Object defects are on average 60% more expensive to fix than defects
relating to Algorithm/Method defects. The average Function/Class/Object defect costs 6.2
hours to fix.
Defects indicating missing functionality are potentially the most expensive ones and cost
on average 3 times the cost of fixing a Usability defect.

Project workflow
−
−
−

Requirements and project management work increased in periods 2 and 3 but the process
implementation failed to create a culture of documented design.
Design and implementation represent on average about 60% of total project effort and
testing and bug-fix about 30%.
Changes in effort emphasis are in most cases directly reflected in changes in defect
profiles.
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5.2 S oftware process improvement practicality
In the introduction to this thesis, a few questions were asked regarding the practicality of software
process improvement:
•
•

Does process-managed work improve product quality?
What is the net cost of working under a create-and-fix policy?

•
What are the benefits of software process improvement?
This section provides some answers to these questions.
Does process-managed work improve product quality?
On one side, it could be said that formal processes did not improve quality. Defect profiles did not
change much throughout and after process implementation. On the other hand, the nominal number of
defects was not estimated, and neither was the total impact on the organization. Overall product quality
cannot be estimated without considering more quality dimensions as the benefit might also have been
realized in faster delivery time, better service, increased functionality, better packaging, etc.
Leaving this question open after almost 2 years of speculations is painful, but due to the limited scope
of this research, it is impossible to answer the question in a more explicit manner.
What is the net cost of working under a build and fix policy?
When cost escalation factors are reported they are usually derived from large projects in big companies
but small organizations often calculate the costs of a defect surfacing late in the project development,
based on those numbers.
According to this case study, the cost of a build and fix policy is not as great as often reported. The cost
escalation of defects going undetected between project phases, in a small software development
organization, is not as dramatic as widely reported. This could diminish the benefits of an improved
process discipline and result in delayed payback of formal software design effort. Taking product size
(small), product criticality (low) and company size (small) in this case study into account, it has been
argued that, with increased criticality and company size, the balance point shifts towards increased
payback of formal quality design control.54
What are the benefits of software process improvement?
CMMI maturity level 2 implies active management of work products55, i.e. management of any
artefacts produced by a process, including risk documents, software specifications, design documents
etc. It is implied here that creating and maintaining important work products creates the awareness
needed for the benefits of process management to be realized. The process management itself, i.e. how
production of the work products is controlled, does not add much. It should however be noted that
processes help build a culture of understanding of these work products.
Controlling configuration management, resource management, training and change management
together with documentation and code reviews, will help advance any software development. Even
though formal process work with flow diagrams and entry -exit criteria for every task will not benefit
every organization, the culture of working according to the related concepts will.
In a small organization it is likely that process implementation, beyond what was introduced in chapter
2, will not bring immediate payback. Basic structural improvements, creating a culture of organized
work methods, bring more payback in the short term. It should, however, be noted that it takes a
competent development team and strong project management culture to handle work products
management without the aid of formal process guidelines.
Processes are vital for organizational growth
Having retreated a bit from the idea of documented processes, the limited time span of this research
should be kept in mind. One of the key goals of the process system was to prepare the organization for

54
55

[Boehm 2004]
[CMMI 2001]
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growth. This aspect of the software implementation was not tested, but it is a firm belief of the author
that the organization could not have handled rapid growth without documented processes.
The customer is better off
When looking at the benefit of the process system, it should be kept in mind that Customer Impact of
the process implementation, aside from the defect profile analysis, is not considered in any way in this
thesis. Improvements were nonetheless observed as increased effort put into requirements work drew
participation from customers and resulted in increased trust as there were no surprises when it came to
delivery. When the matter was discussed, customers were generally understanding of the need to pay
for more requirements work as it would save time, money and their own resources in the long run.
The potential silver bullet
The process system itself did not produce any dramatic improvements in terms of product quality or
production costs. However, it had a positive impact on the people dimension, mentioned earlier. The
process implementation is not the silver bullet it was meant to be, but rather it created a basis for other
quality factors to flourish, and provided grounds for future growth.
Well organized working methods will advance any software organization, but the best place to begin
method improvements is different for each one. Boehm rates the people dimension as the most likely
for guaranteed success “Methods are important, but potential silver bullets are more likely to be found
in areas dealing with people, values, communication and expectation management”56
Creating a basic framework for talented people to work in, and then relying on their development talent,
probably erects a very effective demilitarized zone in any method war fought in this kind of
organization.
This was the most significant contribution of the process implementation in this case study: it created an
attractive working environment which fostered the build-up of talent.

56

[Boehm 2004]
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Appendix A Attribute categorization guidelines
This section includes categorization guidelines exactly as they were used during the defect
categorization. The guidelines are not meant to serve as any kind of specification for the Orthogonal
Defect Classification, but rather give insights into how the classification was used in practice.
Please note that where examples from this research are provided, they do not always give an complete
picture of the defect as a more detailed description is in all cases attached to the headline displayed in
this document. The examples were chosen randomly without taking into account how well they
represent their respective categories.
Some of the guidelines are taken directly from the IBM 57 and Chillarege 58 websites.
A.1 Defect Type
Defect Type
Assignment
/Initialization

Checking

57
58

Description
Examples/further description
Value(s) assigned incorrectly or not
•
Internal variable or variable within a
assigned at all; but note that a fix involving
control block did not have correct
multiple assignment corrections may be of
value, or did not have any value at
type algorithm.
all.
•
Initialization of parameters
•
Resetting a variable's value.
•
The instance variable capturing a
characteristic of an object (e.g., the
colour of a car) is omitted.
•
The instance variables that capture
the state of an object are not
correctly initialized.
Errors caused by missing or incorrect
•
Value greater than 100 is not valid,
validation of parameters or data in condibut the check to make sure that the
tional statements. It might be expected that
value was less than 100 was
a consequence of checking for a value
missing.
would require additional code such as a do
while loop or branch. If the missing or
incorrect check is the critical error,
checking would still be the type chosen.

[IBM WEB]
[Chillarege WEB]
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Efficiency or correctness problems that
affect the task and can be fixed by
(re)implementing an algorithm or local
data structure without the need for
requesting a design change. Problem in the
procedure, template, or overloaded
function
that describes a service offered by an
object.

•

•

•
•

Function
/Class
/Object

Timing
/Serialization

Interface
/OO Messages

•
The error should require a formal design
•
change, as it affects significant capability,
end-user interfaces, product interfaces,
interface with hardware architecture, or
•
global data structure(s); The error occurred
when implementing the state and capabilities of a real or an abstract entity.
•
Necessary serialization of shared resource •
was missing, the wrong resource was
serialized, or the wrong serialization
technique was employed.
•

Communication problems between:
1) modules, 2) components, 3) device
drivers , 4) objects
5) functions
via
1)macros, 2)call statements, 3)control
blocks, 4)parameter lists

•

•
•
•
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The low-level design called for the
use of an algorithm that improves
throughput over the link by delaying
transmission of some messages, but
the implementation transmitted all
messages as soon as they arrived.
The algorithm that delayed
transmission was missing.
The algorithm for searching a chain
of control blocks was corrected to
use a linear-linked list instead of a
circular-linked list.
The number and/or types of parameters of a method or an operation are
incorrectly specified.
A method or an operation is not
made public in the specification of a
class.
Error in local data structures
A database did not include a field
for street address, although the
requirements specified it.
A database included a field for
postal zip code, but it was too small
to contain international postal codes
as specified in the requirements.
Errors in global data structures
Serialization is missing when
making updates to a shared control
block.
A hierarchical locking scheme is in
use, but the defective code failed to
acquire the locks in the prescribed
sequence.
A database implements both
insertion and deletion functions, but
the deletion interface was not made
callable.
The interface specifies a pointer to a
number, but the implementation is
expecting a pointer to a character.
The OO-message incorrectly
specifies the name of a service.
The number and/or types of
parameters of the OO-message do
not conform with the signature of
the requested service.
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Problems related to associations among
procedures, data structures and objects.
Such associations may be conditional.

•

•
•

The structure of code/data in one
place assumes a certain structure of
code/data in another. Without
appropriate consideration of their
relationship, program will not
execute or it executes incorrectly.
The inheritance relationship
between two classes is missing or
incorrectly specified.
The limit on the number of objects
that may be instantiated from a
given class is incorrect and causes
performance degradation of the
system.

A.2 Defect Qualifier
Qualifier
Missing

Description
Qualifier captures the element of a
nonexistent, wrong or irrelevant
implementation

Incorrect

The defect was to due to a commission
(e.g.) a checking statement used the
incorrect values

Extraneous

The defect was to due to something not
relevant or pertinent to the document or
code (e.g.) there is a section of the design
document which is not pertinent to the
current product and should be removed

Examples
•
“Caption text missing in chapter 5”
•
“User manager does not validate
password”
•
“js.jar missing from the install”
•
“Grammar error in section 3.2”
•
“Vcards are not parsed correctly”
•
“Trouble editing rrule and exdate in
calendar entryz”
•
“Out commented code in web.xml”
•
“Unused jars in RPM package”
•
“Commit button in content picker is
silly”

A.3 Target for fix
Target
Requirements

Design

Implementation

Description
The assumption is made that the author
of requirements, understands its
intended functionality and can comment
on specific functionality
•
“The product should be able to do
this.”
•
“It should work on this platform”
•
“You should support this usage”
Owners could possibly disagree on the
defect being an actual defect and/or
how it should be solved.
•
“Why isn’t it done like this?”
•
“You should fulfil the
requirements like this”
•
“This is a strange implementation
of the design”
•
“Why did you decide to program
the solution like this?”
•
“Something is obviously missing
from this code”
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Examples
•
“Move mail between folders”
•
“Remote update”
•
“Use log4j for logging”
•
“Add a Danish language bundle”
•
“Allow users to upload own images”

•
•
•

“Missing error handling”
“Missing back shortcuts”
“The calendar entry should be
checked before submitting”

•
•

“Incorrect error handling”
“Keyboard navigation breakdowns”
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A.4 Customer Impact59,60
Impact
Installability

Integrity/ Security

Performance

Maintenance

Serviceability

Migration

59
60

Description
The ability of the customer to prepare
and place the software in position for
use. (Does not include Usability)

Examples
•
“During automated installation,
got an error message saying installation failed because a file was
missing.”
The protection of systems, programs,
•
“Logged in as Read Only, Profiles
and data from inadvertent or malicious
enabled. Was able to save
destruction, alteration, or disclosure
changes from the System
Component Assignment Panel.
Was also able to delete a
component.”
The speed of the software as perceived •
“Module ISGGRP00 should not
by the customer and the customer's end
hold the GRS local lock for so
users, in terms of their ability to perform
long that it causes the rest of the
their tasks.
complex to hang. After
processing a certain number of
requests it should release and then
re-obtain the lock in order to give
other units of work a chance to
execute.”
The ease of applying preventive or
•
“Fixes can not be applied due to a
corrective fixes to the software. An
bad medium.”
example would be that the fixes can not •
“Maintenance requires a great
be applied due to a bad medium.
deal of manual effort.”
Another example might be that the
application of maintenance requires a
great deal of manual effort, or is calling
many pre- or co-requisite requisite
maintenance.
The ability to diagnose failures easily
•
“The diagnostics software
and quickly, with minimal impact to the
numbers error messages rather
customer
than indicating where the problem
actually occurred.”
The ease of upgrading to a current
•
“Co-requisite information with
release, particularly in terms of the
regard to other products is not
impact on existing customer data and
made available to customers.
operations. This would include planning •
When migrating to a new level,
for migration, where a lack of adequate
the customer's applications fail
documentation makes this task difficult.
because the external interface has
It would also apply in those situations
been changed to no longer accept
where a new release of an existing
blanks. This backward incompatiproduct introduces changes affecting the
bility forces the customer to
external interfaces between the product
rewrite 36 applications”
and the customer's applications.

[IBM WEB]
[Chillarege WEB]
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Documentation

The degree to which the publication aids •
provided for understanding the structure
and intended uses of the software are
correct and complete.
•
•

Usability

The degree to which the software and
•
publication aids enable the product to be
easily understood and conveniently
•
employed by its end user.
•

Standards

The degree to which the software
complies with established pertinent
standards.

•
•

Reliability

Requirements

Accessibility

Capability

The ability of the software to consistently perform its intended function
without unplanned interruption.
A customer expectation, with regard to
capability, which was not known, understood, or prioritized as a requirement for
the current product or release. This
value should be chosen during
development for additions to the plan of
record. It should also be selected, after a
product is made generally available,
when customers report that the
capability of the function or product
does not meet their expectation.
Ensuring that successful access to
information and use of information
technology is provided to people who
have disabilities.
The ability of the software to perform its
intended functions, and satisfy KNOWN
requirements, where the customer is not
impacted in any of the previous
categories.
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•
•

“MSGISG015I RCAAE78 is not
documented in the system
messages manual.”
“Chapter 5.5 is incorrect”
“Installation instructions are
incorrect”
In some situations, the date field
is not filled in.
When running several jobs in
system test, system was flooded
with messages. They scrolled by
so quickly they couldn't be read.
In order to perform a specific
migration task, the customer must
enter many commands, some with
parameters which contain information difficult to find and
understand.
“Command menu occurs on
bottom of screen instead of at top
which is the industry standard.
Protocol specifications for participating in an exchange across
heterogeneous systems are not
being followed.”
“While invoking modem
software, system crashed and had
to be rebooted.”
“Customer needs the software to
have the ability to take input
either from the keyboard, mouse,
OR flat files.”

•

•
•
•

“Cannot rename a project”
“Arabic letters don’t work in the
source manager”
“Can’t insert a node into the
XHTML without using the
mouse”
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A.5 Severity
It should be noted here that no assumption was made regarding number of users. Each defect is
categorized with the assumption in mind that there existed a large user group which would be affected
even though that is known not to be true.
The frequency of use of functions was nonetheless evaluated; that is, errors in frequently used functions
are considered to have more weight than those that occur in functions or components rarely used. This
often makes the difference between assignment of Severity 2 or 3.
Severity
1

2

3

4

Description
Annoyances and minor
feature/usability
requests.
Existing customers
would not bother to
report
Will not seriously impact
existing customers.
Customers would
however report the
defect immediately an
install a fix if available.
Might scare away a
buyer if discovered.
Impact on product
reputation.
Customer would call and
ask if a fix is available.
Customer will get
irritated
Will eventually kill
product use.
Stops customer work

Examples
•
“Wrong grammar on page 1 in the User’s Guide”
•
“No maximizing button on content picker window”
•
“Splash says 4.0. should be 4.1”
•
“Misleading log messages”
•
“Allow deselection in the CP”
•
•
•
•

“The listtasks XML breaks the PIM spec”
“Attempts not updated in case of an reception error”
“Choosing pages does not always function right.”
“Stop-button would be nice on the preview pane”

•
•
•
•

“Things didn’t work as was said in 5.3 in demo”
“Application shuts down using Source Manager”
“Application crashes when I try links in www.hi.is”
“Program performed an illegal operation in content
picker”

•
•

“Loosing project when installing the application”
“Application still leaking memory”

A.6 Severity examples in context of Customer Impact categories
The Customer Impact/Severity matrix was created for consistency checking of the categories, after the
categorization had been completed.
Customer Impact
Capability

Usability

Typical use (by customer Severity 1-4)
1. Minor Capability errors which should have been foreseeable.
2. Missing functions which affect the capabilities of the software in a way
that it limits the user significantly in usage or development.
3. Showstoppers in usage.
4. Without the feature the software does not serve the customer
1. Minor feature requests. Annoyances in user interface. Missing keyboard
shortcuts in Development tool.
2. Annoyances which frustrate the user. Wrong language displayed. Broken
links in install.
3. Missing features from application which make it significantly more
difficult to understand and work with the application. Errors that cause
errors or diverts the user into making wrong decisions.
4. Software behaviour that is likely to kill the user experience permanently
and/or prevent usage. Things that kill user trust in the software. Missing
features should be categorized as Capability or requirements failure.
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1.
2.

3.
4.
Migration

1.
2.
3.

Documentation

4.
1.
2.

3.
4.
Performance

1.
2.
3.
4.

Serviceability

1.
2.
3.
4.

Maintenance

1.
2.
3.

4.
Standards

1.
2.

3.
4.

Minor disturbance or extra clicks to get rid of unexpected behaviour.
Annoyances.
Error appears on screen and requires some clicks to get rid of. No effect
on continuing application work. Application errors that do not affect the
user greatly but undermine the application Capability.
Ugly errors appear. No work is lost but application behaviour is not as
expected and functions go astray.
Program or application crash, restart or application re-entering required.
Data is corrupted. Work is lost.
Annoyances when upgrading.
Upgrade does not run smoothly, user specific settings are lost but
projects are ok.
Upgrade stops work as the migration does not work smoothly, manual
labour needed to complete the upgrade.
Upgrades destroy data which was created as a part of previous version
Spelling errors and outdated screenshots
Wrong screenshots giving incorrect information or missing screenshots.
Concept naming errors and typos that might cause misunderstanding.
Missing documentation regarding borderline features and functionality.
Missing documentation regarding mainstream features and functionality.
Incorrectly documented features.
Misleading documentation. Documentation showstoppers during
installation or development
Rare but annoying delays in software performance
Consistent annoying delays in software performance which affect user
experience.
Severe performance errors which are likely to crash user experience
sooner or later.
Severe performance errors which will quickly cause the application or
environment to crash.
Incorrect version information printed in logs. The “About” window
displays incorrect version information.
Error messages hard coded and doesn’t give accurate information.
Missing debugging information in logs.
Incorrect messages written to logs. Missing error handling prevents
remote debugging. No response from Server when service is not working.
Debugging not possible. Restart and hope for the only solution. Reinstall
the only solution. Customer has to execute as series of complex
instructions to find out what is wrong.
Only fake licensing mechanism included.
Unnecessary configuration quagmire.
Dependencies between application and environment not reported.
Configuration doesn’t work correctly, requires undocumented and
manual labour.
Application deployment/upgrade is impossible without restarting the
whole system
Minor failures to comply to internal standards
Failure to comply to internal standards. Could cause maintenance
hazards. Minor failures to comply to external standards. Doesn’t cause
application or development errors but could only discovered when
digging for it.
Failures to comply to external standards, trivial to avoid if found.
Failure to comply to external device standards. Causes errors in
application or development. Development stops until a fix is provided.
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Appendix B Defect growth curve analysis examples
The examples below show how the Orthogonal Defect Classification categorization, and for that matter
any classification method, can be used to analyze defect growth in software. Growth curve analysis is
not a part of this thesis but could possibly be interesting for further studies.
The graphs in this section are descriptions of two separate releases (Development tool and Server)
where the X axis represents weeks from first defect reported and the Y axis shows number of defects
reported into each category, both cumulative and per week.
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Figure 25 Defect growth curve for a Development tool release in period 1
Looking at Figure 25 it is interesting to see the effect of hiring external testers, not familiar with the
product. Over 60 documentation errors are reported in the first three weeks of testing as the testers
struggle with installing and understanding the tool.
Figure 26 shows the same kind of curve but for a Server release in period 2.
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Figure 26 Defect growth curve for a Server release in period 2
Looking at the same products, but now viewing how each category is accumulated. This is shown in
Figure 27 and Figure 28. Low count categories (< 5 defect reports) are not included in those graphs.
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Figure 27 Cumulative defect growth curve for a Development tool release in period 1
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Figure 28 Cumulative defect growth curve for a Server release in period 2
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