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Foreword

When the software field was growing up, the software being developed dealt mainly
with relatively stable applications. These involved relatively stable business and
scientific applications and software involved in controlling relatively stable hard-
ware devices. As experiences in defining requirements for hardware devices found
that design solutions would often become requirements and overconstrain the
solution space, the software field followed the hardware field in postponing the
design until the requirements were completely and consistently defined. This led to
the dominance of the sequential, top-down, requirements-first, reductionist water-
fall approach used to define, develop, and manage software projects.

One of my jobs at TRW in 1976-1977 was to lead a project to formalize this
approach into a set of corporate software development policies and standards.
These were inculcated in the company via training materials, courses, and a
40-question equivalent of the California driver’s-license test that TRW software
developers needed to pass. We also highlighted this material in a public relations
campaign to show our mastery of software development and management.

This worked very well for a while, but by the early 1980s the assumption of
stable, predetermined requirements began to lose its validity. In particular, graphic-
user-interactive (GUI) terminals began to become economically viable. Users much
preferred this way of operating, but our requirements engineers found that (1) it was
hard to specify graphic layouts in requirement documents and (2) it was hard to get
users to define how they wanted to interact. We encountered the IKIWISI syn-
drome: “I can’t tell you how I want it, but I’ll know it when I see it.”

Our more creative software engineers began to develop rapid-prototyping capa-
bilities that potential customers found very helpful in resolving IKIWISI require-
ments. However, when we tried to emphasize rapid prototyping in competitive
procurements, we found that we had so thoroughly brainwashed many of our senior
software engineers that they would pound on the table and say, “You can’t do that!
It’s programming before we’ve defined the requirements, and it violates our
policies!” Further, we found that several government agencies had adopted and
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adapted our policies and standards as their way of doing business. And if undoing
corporate policies was difficult, undoing government policies and standards was
virtually impossible.

Since then, further trends have made the sequential, reductionist approach less
and less viable. Requirements have become more emergent with system use. With
COTS products and cloud services, their capabilities drive the system requirements
rather than prespecified requirements. Time-to-market pressures and rapidly evolv-
ing products such as cell phones have made sequential definition and development
processes uncompetitive in the marketplace, along with increasingly rapid changes
in technology, organizations, and user preferences. Yet, many organizations cling
to the sequential, reductionist approach as a security blanket. Increasingly, they
take several years to deliver a system and then find that its technology is obsolete
and that its users’ needs have become very different.

Thus, the appearance of this book, Software Project Management in a Changing
World, is very timely. It focuses on how people and organizations can make their
processes more change-adaptive. It is good in emphasizing in its chapters on cost
estimation and risk/opportunity management that unpredictable change requires
probabilistic approaches, using range vs. point estimates, late binding of product
content decisions, and evolutionary development. It has good guidance on agile
project management, using principles such as minimum critical specifications,
autonomous teams, skills redundancy, and use of feedback and post release
reflection.

The book is also strong on quality management and on balancing lightweight
agile methods with the use of empirical methods, using Goal-Question-Metric and
Experience Factory-type approaches to the management and use of project knowl-
edge. Its chapters on global project management and global team motivation are
strong in identifying and employing knowledge on personnel motivation and on the
importance of investments in team building and trust, although the chapter on
human resource allocation focuses more on algorithmic methods of project staffing.

The strong emphasis on how to make software processes more change-adaptive
could have done more on how to make software products more change-adaptive. A
good example is the approach in David Parnas’ paper on Designing Software for
Ease of Extension and Contraction. This involves identifying sources of change and
encapsulating them into modules, so that change effects are largely confined to
individual modules, rather than rippling through the rest of the product. This also
involves identifying evolution requirements as well as current-snapshot require-
ments for the initial product. Other good product-adaptive approaches include open
interface standards, use of design patterns and generics, judicious selection of
COTS products that are change-adaptive without destabilizing their users, and
emphasizing simplicity via Occam’s Razor or Einstein’s guidance, “Everything
should be as simple as possible, but no simpler.”

That said, the book is also strong in identifying sources of change in software
technology and their implications for software management. These include big data
and search technology that can enhance project knowledge and social media
technology that can enable better multidiscipline and distributed-stakeholder
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collaboration in software requirements negotiation, change handling, and concur-
rence at decision gates. Also, improved process simulation technology can be used
to better understand the likely effects of alternative project decisions and to
determine the domains of applicability of various software “laws,” such as Brooks’
Law: Adding people to a late software project will make it later (not always true if
foreseen and done early). It is also strong in identifying alternative software
development methods and their management differences, such as open source,
inner source, distributed and global software development, and agile methods.

Overall, I found the book to be a pleasure to read and a valuable source of
guidance on how to cope with the proliferating sources of change we all will face in
the future. I hope that you will benefit from it in similar ways.

February 2014 Barry Boehm
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Chapter 1
Software Project Management: Setting
the Context

Giinther Ruhe and Claes Wohlin

Abstract This chapter is designed as the introduction to the book. It provides the
motivation for studying software project management as a response to the increas-
ing variety of software development methodologies. The chapter characterizes
software projects and presents ten knowledge areas in software project manage-
ment. This body of knowledge is described in the software edition of the Project
Management Body of Knowledge (PMBOK). The chapters of the book are classi-
fied in terms of their contribution to these knowledge areas.

The chapter also discusses the multidisciplinary nature of the project manage-
ment discipline. Based on some predicted trends for the future of software engi-
neering, a prediction on the future of software project management is given.
Finally, an overview of the content and structure of the whole book is presented.

1.1 Motivation

The world is continuously changing. Software and software-intensive systems are
among the key drivers of this trend. The speed and magnitude of all these changes is
breathtaking. What would happen today if any of the existing telecommunication,
health-care, financial, or logistic systems were not performing securely, safely, and
reliably? The rapid growth in technology in combination with the strong depen-
dence of products and services on software raises the demand on managing the
development and evolution of such systems.

G. Ruhe (<)
University of Calgary, Calgary, Canada
e-mail: ruhe@ucalgary.ca

C. Wohlin
Blekinge Institute of Technology, Karlskrona, Sweden
e-mail: claes.wohlin@bth.se
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2 G. Ruhe and C. Wohlin

Project management is one of the youngest, most vibrant, and most dynamic
fields among different management disciplines. According to the PMBOK, project
management is the “application of knowledge, skills, tools and techniques to
project activities to meet the project requirements” (PMI 2013a). Project manage-
ment is accomplished through the application and integration of 47 logically
grouped project management processes divided into five process groups: initiating,
planning, executing, monitoring and controlling, and closing.

Software is a direct product of the cognitive processes of individuals engaged in
innovative teamwork. Many of the procedures and techniques used in software
project management are designed to facilitate communication and coordination
among team members engaged in an intellectually intensive work. Software devel-
opment is often characterized as a learning process in which knowledge is gained
and information generated during the project. Dealing with people and conflicts,
team building, knowledge sharing, and communication will be the determinants of
good project management.

Software project management deals with software projects and the challenges of
human-based development (as opposed to the more deterministic processes in
traditional projects). The higher flexibility in software development approaches
puts new demands on the capabilities of software project management. Weaknesses
in planning, organizing, staffing, directing, and controlling are hard to be counter-
balanced by more efficiency in technical development work. As Fred Brooks stated
in 1987, “. .. today’s major problems with software development are not technical
problems, but management problems” (Brooks 1987).

The principal nature of the challenges in software project management has not
changed dramatically in the last 25 years. However, software-intensive systems of
the twenty-first century increasingly vary in their content, size, complexity, and
their degree of interaction with other systems. The technological and communica-
tion infrastructure to develop these systems is hard to compare with that available in
the past. As a consequence, the concrete content of the project management
challenges looks different from that of 25 years ago.

Beginning from the 1970s and 1980s, traditional plan-driven software develop-
ment has been replaced and complemented by more adaptive and dynamic
approaches. Global (or distributed) software development, open source develop-
ment, and the application of the different variants of adaptive development tech-
niques have proven successful under various circumstances. The Internet has
dramatically enhanced the ability of individuals, teams, and organizations to man-
age projects across continents and cultures in real time (Kwak and Anbari 2008).
New paradigms (such as inner-source project management) or emerging techniques
(such as social media collaboration) provide new opportunities for conducting
software project management more successfully than before.
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1.2 Characteristics of Software Projects and Why Software
Project Management Is Difficult

Software development is both human-intensive and knowledge-intensive, which
makes people the most important asset in any software development endeavor.
Software projects are different from other projects in a number of ways. Conse-
quently, management of software projects cannot be done in the same way as in
traditional project management and needs to be adjusted correspondingly. Follow-
ing (PMI 2013b), some of the main differentiating factors are as follows:

« Software is an intangible product.

» Software is a cognitive and human-based development process that requires
sharing of documents.

e There is a higher degree of uncertainty in the project and product scope.

e Communication and coordination within software teams and with project stake-
holders often lacks clarity.

e The intellectual capital of software personel is the primary asset of software
projects and organizations.

e There is a degree of change of requirements in the course of the software project.

¢ The creation of software requires innovative problem solving to create unique
solutions.

« Initial planning and estimation of software projects is challenging because these
activities depend on requirements that are often imprecise or based on lacking
information.

¢ The development and evolution of software-intensive systems is challenging
because of the high complexity of software based on the enormous number of
logical paths in program modules and all the combinations of interface details.

« Exhaustive testing of software is impractical because of the time and related
complexity constraints.

¢ Software development often involves interactions of different vendor products
and interfaces with other software.

» Software security is a large and growing challenge.

* Objective measurement and quantification of software quality is difficult.

¢ Learning and knowledge creation in software development is more difficult
because processes, methods, and tools are constantly evolving.

¢ The execution of software is platform-dependent and is often an element of a
system consisting of diverse hardware, other software, and manual procedures.

Software project life cycles are models of how software projects pass through the
phases of development, from their initiation to their closure. The software extension
of the PMBOK describes the continuum of software project life cycles ranging from
highly predictive to highly adaptive (PMI 2013b). The variation between them is
described by the degree of change in requirements (from being specified during
initiation and planning to elaboration at frequent intervals during development), the



4 G. Ruhe and C. Wohlin

Analyze l

Architect

Demo working
Product
V1

Feature Design Construct|
Set 1 & Integrate

Demo working
Product
V1 +V2

Feature
Set 2

Design Construct
& Integrate

Demo working

Design Construct
g Product

& Integrate

Feature
Set 3

V1 + V2 +V3

Demo working
Product
V1 +V2+V3+V4

Feature
Set 4

Design Construct
& Integrate

v

Time

Fig. 1.1 Incremental software product development (PMI 2013a)

control of cost and risk, and the involvement of key stakeholders (from involvement
at scheduled milestones to continuous involvement).

Practically, all modern development approaches are iterative and incremental
(Larman and Basili 2003) in their key nature. The notion of iteration refers to a
phase within the development process, while the term increment describes a certain
stage of the product evolution. An example of an incremental software product
development process is given in Fig. 1.1.

Kruchten (2011) has proposed a conceptual model of software development. The
main pillars of that model are four core entities called intent, product, work, and
people, which are common entities across all software development projects. In
brief, the entities give answers to the following questions:

Intent: What is the project trying to achieve?
Product: What is the outcome of the project?
Work: How to build the targeted product?

People: Who will be available to perform the work?
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Each of these four core entities has three attributes: time, quality, and risk. The
time attribute refers to a description of the execution of the project over time.
Quality is applied as well to all the four entities. For example, the quality of the
people refers to the competence, diligence, and dedication of the staff assigned to
the project. The risk attribute describes the inherent uncertainty of all the entities.

In addition, there is a value attribute for the intent and product, as well as a cost
attribute for people and work. The majority of the cost is associated with the cost of
the people performing the work. The intended value can be defined in terms of
functional and quality requirements. The resulting value can be expressed in
financial terms by the net present value of the product.

Besides the common core concepts, there are factors used to differentiate pro-
jects. All these factors can be grouped into organization-level and project-level
project factors:

1. Organization-level factors:

(a) Business domain: For what domain is the software (—based) product
developed?

(b) Number of instances: How many instances of the software (~based) prod-
uct will be deployed?

(c) Maturity of organization: How mature are the processes of the software
developing organization?

(d) Level of innovation: How innovative is the organization?

(e) Culture: In which culture are the projects developed?

2. Project-level factors:

(a) Size: How big is the system under development?

(b) Stable architecture: Is a stable architecture in place?

(c) Business model: Under which business model is the software (—based)
product developed?

(d) Team distribution: How many teams are working in the project and in
which configuration?

(e) Rate of change: How stable is your business environment and how many
risks and uncertainties are you facing?

(f) Age of system: Greenfield (from scratch) vs. brownfield (evolving) software
system development?

(g) Criticality: How many people’s safety will be threatened if the system fails?

(h) Governance: Who manages the project managers? How much governance
is applied to the project?

This classification can serve as guidance to approach the question: which
software project management approach has proven successful and is recommended
for which given configuration of project-level and organization-level factors? We
do not expect having a single answer in most cases. We also expect having clusters
of configurations where certain approaches are recommended. As the pathway to
accumulate the knowledge needed to make these decisions, the empirical paradigm
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suggests the replicated application of making the observations, modeling the real-
world phenomena, measuring and analyzing, validing hypotheses, and defining
another cycle with slightly changed parameters to confirm the existing and creating
the new knowledge (Basili et al. 1999).

1.3 Ten Knowledge Areas of Software Project
Management

The PMBOK (PMI 2013a) as a set of standard terminology and guidelines for
project management is familiar to most professionals and researchers. A PMBOK
knowledge area contains the processes that need to be accomplished within its
discipline in order to achieve an effective project management program. The
software extension of the PMBOK (PMI 2013b) is based on the PMBOK but
provides an extension toward commonly accepted practices for managing software
projects. Software project management processes are grouped into initiating, plan-
ning, executing, monitoring and controlling, and closing.

The whole body of knowledge of software project management is described by
ten knowledge areas. Each area is defined by a set of associated processes. In what
follows, and aligned with the software extension of the PMBOK (PMI 2013b), we
describe the main content of these knowledge areas. For five areas that are the
closest to the content of the book, a more detailed description, including inputs,
outputs, and the main tools and techniques (to be) used for the respective processes,
is given. These knowledge areas are:

¢ Time management
» Cost management
* Human resource management
¢ Communications management
» Risk management

1.3.1 Integration Management

This area coordinates other areas to work together throughout the project and
includes the processes and activities to identify, define, combine, unify and coor-
dinate the various processes and project management activities within the project
management process groups. Integration management contains management of
processes for controlling the project during its life-cycle from execution through
completion, as well as controlling successful management of stakeholder expecta-
tions. It also includes making choices about resource allocation, making trade-offs
among competing objectives and alternatives, and managing the interdependencies
among the project management knowledge areas. This knowledge area emphasizes
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the generally accepted role of a project manager: performing coordination and
bringing all the pieces (the deliverables of the project) together. It also refers to
the integration of processes and activities (PMI 2013Db).

1.3.2 Scope Management

A set of processes is used to ensure that the project includes all the requirements and
that no new requirements are added in a way that could harm the project. This
knowledge area includes the processes required to ensure that the project includes
all the work required, and only the work required, to complete the project success-
fully and includes setting clearly defined project objectives, defining major project
deliverables, and controlling changes to those deliverables. Managing the scope
primarily concerns defining and controlling what is and what is not included in the
project.

For software, the definition of product scope includes features and quality
attributes that are needed and desired by stakeholders. The product scope can be
used to estimate the project scope, and constraints on the project scope may
determine the product scope. Constraints on both of these may require trade-offs
among features, quality attributes, schedule, budget, resources, and technology.

1.3.3 Time Management

Processes are required to manage the timely completion of the project and to ensure
that the project is completed on schedule. In software projects, this knowledge area
is driven by risk, resource availability, business value, and the scheduling methods
used. Specific scheduling methods for software projects introduced by PMI
(2013b), including structured scheduling, schedule as an independent variable,
iterative scheduling with a backlog, on-demand scheduling, and portfolio manage-
ment scheduling. All the respective processes with their inputs, outputs, and tools
and techniques (to be) used are summarized in Table 1.1.

1.3.4 Cost Management

Project cost management includes the processes involved in planning, estimating,
budgeting, financing, funding, managing, and controlling costs so that the project
can be completed within the approved budget (PMI 2013a). In other words, this
knowledge area includes processes to ensure that the project is completed on
budget. Cost management for software projects includes making initial estimates
and updating them periodically and may include identifying and forecasting the
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Table 1.1 Overview of project time management processes (PMI 2013b)

Process name Inputs Outputs

Tools and techniques

Plan schedule
management

— Schedule man-
agement plan

— Project management plan

— Project charter

— Enterprise environmental
factors

— Organizational process
assets

— Safety and security issues

— Schedule management
plan

— Scope baseline

— Enterprise environmental
factors

— Organizational process
assets

— Additional factors

Define activities — Activity list
— Activity attri-
butes

— Milestone list

Sequence — Schedule management — Project sched-
activities plan ule network
— Activity list diagrams
— Activity attributes — Project docu-
— Milestone list ment updates
— Project scope statement ~ — Feature sets
— Enterprise environmental — Release plans
factors — Architectural
— Organizational process and
assets nonfunctional
— Architectural and IV & V dependencies
constraints
— Safety and security
analyses
Estimate activity — Schedule management — Activity
resources plan resource
— Activity list requirements
— Activity attributes — Resource
— Risk register breakdown
— Activity cost estimates structure
— Resource calendars — Project docu-
— Enterprise environmental ment updates
factors
— Organizational process
assets
Estimate activity — Schedule management — Activity dura-
durations plan tion estimates

— Activity list

— Activity attributes

— Activity resource require-
ments

— Resource calendars

— Project scope statement

— Risk register

— Resource breakdown

— Project docu-
ment updates

— Expert judgment
— Analytical techniques
— Meetings

— Decomposition

— Rolling wave planning

— Experts judgment

— Story breakdown structure
— Storyboards

— Use cases

— Precedence diagramming
method (PDM)

— Dependency determination

— Applying leads and lags

— SAIV and time boxing

— Work in progress limits and
classes of service

— Feature set evaluation

— Service-level agreements

— Experts judgment

— Alternatives analysis

— Published estimating data

— Bottom-up estimating

— Project management
software

— Experts judgment

— Analogous estimating

— Parametric estimating

— Three-point estimating

— Group decision-making
techniques

— Reserve analysis

(continued)
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Table 1.1 (continued)

Process name Inputs Outputs Tools and techniques
structure
— Enterprise environmental
factors
— Organizational process
assets
Develop — Schedule management — Schedule base-
schedule plan line
— Activity list — Project sched-
— Activity attributes ule
— Project schedule network — Schedule data
diagrams — Project calen-
— Activity resource require- dar
ments — Project man-
— Resource calendars agement plan
— Activity duration esti- updates
mates — Project docu-
— Project scope statement ment updates
— Risk register — Release and
— Project staff assignment iteration plan
— Resource breakdown updates
structure
— Enterprise environmental
factors
— Organizational process
assets

cost of maintaining and evolving a software product plus listening or updating
commercially acquired components over many years (PMI 2013b). All the respec-
tive processes with their inputs, outputs, and tools and techniques (to be) used are
summarized in Table 1.2.

1.3.5 Quality Management

Project quality management includes the processes and activities of the performing
organization that determine the quality policies, objectives, and responsibilities so
that the project will satisfy the needs for which it was undertaken. Project quality
management uses policies and procedures to implement, within the project’s
context, the organization’s quality management system and supports continuous
process improvement activities as undertaken on behalf of the performing organi-
zation (PMI 2013a). This area also includes developing plans to ensure that project
requirements, including product requirements, are met and validated. Quality
management can ultimately establish a quality policy, help understand quality
principles introduced by quality experts, develop quality assurance processes, and
control the quality of all project deliverables.
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Table 1.2 Project cost management overview of processes (PMI 2013b)

Process name Inputs Outputs Tools and techniques
Plan cost — Project management  — Cost management  — Expert judgment
management plan plan — Analytical techniques
— Project charter — Accuracy of esti- — Meetings
— Enterprise environ- mate
mental factors — Units of measure
— Organizational process — Cost performance
assets measurement
methods
Estimate costs — Cost management plan — Activity cost esti- — Experts judgment
— Human resource man- mates — Analogous estimating
agement plan — Basis of estimates ~ — Parametric estimating
— Scope baseline — Project document — Bottom-up estimating
— Project schedule updates — Three-point estimates
— Risk register — Reserve analysis
— Enterprise environ- — Cost of quality
mental factors — Project management
— Organizational process software
assets — Vendor bid analysis
— Software size and — Group decision-making
complexity techniques
— Rate of work — Time-boxed estimating

— Function point and source
line of code estimating

— Story point and use-case
point estimating

— Estimating reusable code

effort
— Price to win
Determine — Cost management plan — Cost baseline — Cost aggregation
budget — Scope baseline — Project funding — Reserve analysis
— Activity cost estimates requirements — Experts judgment
— Basis of estimates — Project document — Historical relationships
— Project schedule updates — Funding limit
— Resource calendars reconciliation
— Risk register
— Agreements
— Organizational process
assets
Control costs — Project management  — Work performance  — Earned value manage-
plan information ment
— Project funding — Cost forecast — Forecasting
requirements — Change requests — To-complete perfor-
— Work performance — Project management mance index
data plan updates — Performance reviews
— Organizational process — Project document — Project management
assets updates software

— Organizational pro-
cess assets updates
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Software quality has been a fundamental issue from the early days of developing
algorithms. Software quality models include process quality, internal and external
product quality, quality in use, data quality, and quality of the software code. The
complexities of software quality have led to a number of quality models, such as
those in ISO/IEC 25000 and other standards (PMI 2013b).

1.3.6 Human Resource Management

Project human resource management includes the processes that organize, manage,
and lead the project team. This knowledge area includes all the processes used to
develop, manage, and put the project team together. This involves identifying
project stakeholders, developing the project team, motivating the team, and under-
standing management styles and organizational structure.

Software project staffs collaborate to solve novel problems with incomplete
information. Software project managers usually put less emphasis on directing
the work and more on facilitating the efficiency and effectiveness of project
teams, and solving the fitness problem of each team member within the team is
critical due to the interaction and communication needs of software projects. All the
respective processes with their inputs, outputs, and tools and techniques (to be) used
are summarized in Table 1.3.

1.3.7 Communications Management

Project communications management includes the processes that are required to
ensure the timely and appropriate planning, collection, creation, distribution, stor-
age, retrieval, management, control, monitoring, and ultimate disposition of project
information (PMI 2013a). This knowledge area determines what information is
needed, how that information will be sent and managed, and how project perfor-
mance is reported. This involves planning and distributing information correctly
and to the appropriate stakeholders, reporting the performance, managing stake-
holders, and developing processes to ensure effective transfer of information.
Communications management is mainly about effective communication among
those involved in the project, from stakeholders to internal project interests at
different levels and with different views.

The role of project communication is a primary consideration for software
projects because teams of individuals who engage in closely coordinated, intellec-
tual activities develop software. With no physical product to reference, effective
communication is paramount for keeping team members productively engaged and
stakeholders informed (PMI 2013b). All the respective processes with their inputs,
outputs, and tools and techniques (to be) used are summarized in Table 1.4.
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Table 1.3 Project human resource management overview of processes (PMI 2013b)

Process name Inputs Outputs Tools and techniques
Plan human — Project manage-  — Human resource man- — Organization charts and
resource ment plan agement plan position descriptions
management — Activity resource — Networking
requirements — Organizational theory
— Enterprise envi- — Expert judgment
ronmental factors — Meetings
— Organizational
process assets
Acquire project — Human resource ~ — Project staff assign-  — Preassignment
team management ments — Negotiation
plan — Resource calendars — Acquisition
— Enterprise envi- — Project management ~ — Virtual teams
ronmental factors plan updates — Multi criteria decision
— Organizational analysis
process assets
Develop project — Human resource =~ — Team performance — Interpersonal skills
team management assessments — Training
plan — Enterprise environ- — Team-building activities
— Project staff mental factors — Ground rules
assignments updates — Colocation
—Resource calendars — Recognition and rewards
— Personnel assessment
tools
— Additional tools and
techniques
Manage project — Human resource ~ — Change requests — Observation and conver-
team management — Project management sation
plan plan updates — Project performance
— Project staff — Project documents appraisals
assignments updates — Conflict management
— Team performance — Enterprise environ- — Interpersonal skills
assessments mental factors — Additional consideration
— Issue log updates
— Work performance — Organizational pro-
reports cess assets updates
— Organizational

process assets

1.3.8 Risk Management

Project risk management includes the processes of conducting risk management
planning, identification, analysis, response planning, and risk control in a project.
The objectives of project risk management are to increase the likelihood and impact
of positive events and decrease the likelihood and impact of negative events in the
project (PMI 2013a). This area includes identifying potential project risk events,
using qualitative and quantitative analysis to prioritize potential risks, respond to
risk situations, and develop risk monitoring and controlling processes. This area can
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Table 1.4 Project communications management overview of processes (PMI 2013b)

Process name Inputs Outputs Tools and techniques
Plan communication — Project management — Communication man- — Communication
management plan agement plan requirements analy-
— Stakeholder register — Project documents sis
— Enterprise environ- update — Communication tech-
mental factors nology
— Organizational pro- — Communication
cess assets models
— Communication
methods
— Meetings
Manage — Communication — Project communica-  — Communication tech-
communication management plan tions nology
— Work performance - Project management — Communication
reports plan updates models
— Enterprise environ- — Project documents — Communication
mental factors updates methods
— Organizational pro- — Organizational pro-  — Information manage-
cess assets cess assets updates ment systems
— Release and itera-  — Special communica-  — Performance reporting
tion plans tion tools — Information radiators
— Update information ~ — Velocity
radiators — Historical velocity
— Online collaboration
tools
Control — Project management — Work performance — Information manage-
communication plan information ment systems
— Project communica- — Change requests — Expert judgment
tions — Project management  — Meetings
— Issue log plans updates — Considerate commu-
— Work performance - Organizational pro- nications
data cess assets updates ~ — Automated systems
— Organizational pro- — Iteration and release
cess assets plan updates

— Prioritized backlog — Reprioritized backlog
— Velocity statistics
and projections

be defined as a proactive approach to risk management in which the project team
and the project manager actively discuss potential risk situations that will make
difference between a smooth-flowing project and a project filled with surprises and
potential disasters.

Each software development project has different uncertainties and risks, because
each project is a unique combination of requirements, design, and construction,
resulting in distinct software products (the uncertainty arises from a lack of
information, and risk is a potential issue). Software risk management aims to
improve the probability of achieving the project goals; software opportunity man-
agement aims to exceed the project goals. Opportunity management is commonly
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applied in software project management, especially in adaptive projects that have
the opportunity to respond to customer-requested changes, apply new technology,
or receive additional resources (PMI 2013b). All the respective processes with their
inputs, outputs, and tools and techniques (to be) used are summarized in Table 1.5.

1.3.9 Procurement Management

Project procurement management includes the processes necessary to purchase or
acquire products, services, or results needed from outside the project team to
complete the project objectives. This includes determining what goods and services
should be purchased or developed internally by an organization, planning pur-
chases, and developing procurement documentation such as requests for proposals.
It also involves determining appropriate contract types, negotiating terms, selecting
sellers, managing contracts through implementation, and then managing project
closure and contractual closure.

This knowledge area addresses planning, conducting, controlling, and closing
out software project procurements. It also addresses the acquisition of commer-
cially available software for use in a software project. Licensing of software
packages, obtaining of rights to modify open source software, the reuse of existing
components, and the purchase of specialty services to build software are all
elements of software procurement. Software may also be procured as a service.
Just as with commercially available software, it is important to understand the exact
nature of the services provided; how they might evolve over time; and what control
the customer retains over the data provided to be processed under the service, the
results obtained, and any security obligations. These considerations are usually
covered in a service-level agreement. Often, the standard agreement issued by the
provider may not meet the acquirer’s specific needs (PMI 2013b).

1.3.10 Stakeholder Management

Project stakeholders include anyone influenced by or influencing the result of a
(software) project. The involvement of different types of customers, developers,
management, shareholders, competitors, as well as standards and legislations are
important for the execution and success of the project. Project stakeholder man-
agement includes the processes to ensure the identification of stakeholders and to
plan, manage, and control their engagement, which is required to identify the
people, groups, or organizations that could impact or be impacted by the project,
to analyze stakeholder expectations and their impact on the project, and to develop
appropriate management strategies for effectively engaging stakeholders in project
decisions and execution. Stakeholder management also focuses on continuous
communication with stakeholders to understand their needs and expectations,
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Table 1.5 Project risk management overview of processes (PMI 2013b)

Process name Inputs Outputs Tools and techniques
Plan risk — Project management  — Risk management — Analytical techniques
management plan plan — Expert judgment
— Project charter — Meetings
— Stakeholder register — Additional consideration

— Enterprise environ-
mental factors
— Organizational process

assets
Identify risks — Cost management plan — Risk register — Documentation reviews
— Schedule management — Information gathering
plan techniques
— Quality management — Checklist analysis
plan — Assumptions analysis
— Human resource man- — Diagramming techniques
agement plan — SWOT analysis
— Scope baseline — Expert judgment
— Activity cost estimates — Retrospective meetings
— Activity duration esti-
mates

— Stakeholder register

— Project documents

— Procurement docu-
ments

— Enterprise environ-
mental factors

— Organizational process

assets
— Risk taxonomies
Perform qualita- — Risk management plan — Project documents — Risk probability and
tive risk — Scope baseline updates impact assessment
analysis — Risk register — Probability and impact
— Enterprise environ- matrix
mental factors — Risk data quality assess-
— Organizational process ment
assets — Risk categorization
— Risk urgency assessment
— Expert judgment
— Additional consideration
Perform quantita- — Risk management plan — Project manage- — Data gathering and repre-
tive risk — Cost management plan ment plan sentation techniques
analysis — Schedule management updates — Quantitative risk analysis
plan — Project documents and modeling techniques
— Risk register update
— Enterprise environ- — Additional — Expert judgment
mental factors consideration
— Organizational process
assets

(continued)
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Table 1.5 (continued)

Process name Inputs Outputs Tools and techniques
Plan risk — Risk management plan — Project manage- — Strategies for negative
responses — Risk register ment plan risks or treats
updates — Strategies for positive
— Project documents risks or opportunities
update — Contingent response
— Additional opportunities
consideration — Expert judgment
— Additional consideration
Monitor and con- — Project management — Work performance — Risk reassessment
trol risks pan information — Risk audits
— Risk register — Change requests — Variance and trend analy-
— Work performance — Project manage- sis
data ment plan — Technical performance
— Work performance updates measurement
reports — Project documents — Reserve analysis
updates — Meetings

— Organizational
process assets
updates

addressing issues as they occur, managing conflicting interests, and fostering
appropriate stakeholder engagement in project decisions and activities.

Stakeholder management is critical for achieving successful outcomes for soft-
ware projects because software has no physical presence and is often novel.
Software is difficult to visualize until it is demonstrated. In addition, there often
exists a gulf of expectation between what a customer or product owner states and
what the developer interprets. Misalignments among stakeholders represent a major
risk to the successful completion of software projects (PMI 2013b).

1.4 The Book’s Coverage of the PMBOK Knowledge Areas

In Table 1.6, we define each chapter’s main scope related to the established
PMBOK knowledge areas. It shows that the collection of chapters is in good
match with the project management knowledge areas introduced by the PMBOK
(PMI 2013a). Some of the chapters are related to more than one knowledge area.
Chapter 8 is the only exception to this. This chapter is more related to “The
Standard for Portfolio Management” (PMI 2013c), published recently in response
to the increasing acceptance of portfolio management. On the other hand, almost all
the knowledge areas are covered by at least one chapter, with most of them having
multiple connections. Again, there is one exception, and this is the area of procure-
ment management, being outside the scope of this book.
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Table 1.6 Book chapters vs. PMBOK knowledge areas

Chapter Title PMBOK knowledge areas
2 Rethinking Success in Software Projects: — Communications management
Looking beyond the Failure Factors — Time management

— Cost management

— Scope management

— Risk management

— Stakeholder management

3 Cost Prediction and Software Project — Cost management
Management

4 Human Resource Allocation and Scheduling — Human resource management
for Software Project Management — Time management

5 Software Project Risk and Opportunity — Risk management
Management — Cost management

6 Model-Based Quality Management of Soft- — Quality management
ware Development Projects

7 Supporting Project Management Through — Integration management
Integrated Management of System and — Scope management
Project Knowledge — Time management

— Quality management

— Communications management
— Risk management

— Stakeholder management

8 A Framework for Implementing Product — Not in the domain of PMBOK knowl-
Portfolio Management in Software edge areas, but related to portfolio
Business management

9 Managing Global Software Projects — Communications management

— Human resource management

10 Motivating Software Engineers Working in ~ — Human resource management
Virtual Teams Across the Globe

11 Agile Project Management — Time management

— Human resource management
— Communications management
— Integration management

— Stakeholder management

12 Distributed Project Management : Ten Mis- — Communications management
conceptions That Might Kill Your — Time management
Distributed Project — Cost management
— Human resource management
13 Management and Coordination of Free/Open — Human resource management
Source Projects — Communications management
— Integration management
14 Inner Source Project Management — Communications management

— Integration management
— Time management
— Cost management
15 Search-Based Software Project Management — Human resource management
— Time management
— Cost management
16 Social Media Collaboration in Software — Communications management
Projects — Stakeholder management

(continued)
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Table 1.6 (continued)

Chapter Title PMBOK knowledge areas
17 Process Simulation: A Tool for Software — Time management
Project Managers? — Cost management
— Risk management
18 Occam’s Razor and Simple Software Project — Cost management
Management

1.5 The Multidisciplinary Nature of Project Management

Project management (PM) is seen by Kwak and Anbari (2008) as the integration
and application of what was called allied disciplines. The authors analyzed the past,
current, and future trends of the allied disciplines by exploring, identifying, and
classifying the top management journal articles related to project management
research. The authors defined eight main areas (allied disciplines) and conducted
some research trend analysis. They studied 537 articles published between 1950
and June 2007. A ranking of the disciplines according to the number of studies is
presented in Table 1.7.

Kwak and Anbari (2008) predicted that project management becomes more
multidisciplinary and flexible in adopting tools from other disciplines. As
documented by the book, this also applies to software project management.

Accurate planning and estimation of cost and schedule is difficult for all kinds of
projects, but it is particularly difficult for software projects because of the cognitive
nature of work, the wide variety of productivity among individuals, the poor
requirement definition, and the data inaccuracy of past projects. In the study of
allied disciplines, the authors predict that Strategy/Integration/Portfolio Manage-
ment/Value of Project Management and Marketing and Quality Management/Six
SigmalProcess Improvement should have a growing impact on project management
as business strategies are developed and qualities are measured and analyzed to plan
and implement effective project management. Chapters 6, 7, and 8 are contributions
in this direction.

According to PMI (2013b), the creation of software requires innovative problem
solving to create unique solutions. Software projects are more akin to research and
development projects than to construction and manufacturing projects. From an
allied disciplines point of view, Technology Applications/Innovation/New Product
Development/Research and Development as well as Performance Management/
Earned Value Management/Project Finance and Accounting are poised to make
major breakthroughs given the recent organizational interest and institutional
determination in achieving project success (Kwak and Anbari 2008). Chapters 2,
3, and 5 are contributions in this direction.

Operations Research/Decision Sciences/Operation Management/Supply Chain
Management, Performance Management/Earned Value Management/Project
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Table 1.7 Ranking of PM allied disciplines according to Kwak and Anbari (2008)

Percentage of

Rank Discipline publications

1 Strategy/Integration/Portfolio Management/Value of Project Man- 30
agement and Marketing

2 Operations Research/Decision Sciences/Operation Management/ 23
Supply Chain Management

3 Organizational Behavior/Human Resources Management 13

4 Information Technology/Information Systems 11

5 Technology Applications/Innovation/New Product Development/ 11
Research and Development

6 Performance Management/Earned Value Management/Project 7
Finance and Accounting

7 Engineering and Construction/Contracts/Legal Aspects/Expert 3
Witness

8 Quality Management/Six Sigma/Process Improvement 2

Finance and Accounting, Information Technology/Information Systems, and Tech-
nology Applications/Innovation/New Product Development/Research and Devel-
opment will work together to deliver tools and techniques to allow the “science” of
planning, scheduling, and cost control to function in a real project delivery envi-
ronment. Chapters 4, 15, 17, and 18 are contributions in this direction.

1.6 The Future of Software Engineering

Boehm predicted that in response to the increasing criticality of software within
systems and the increasing demands being put on twenty-first century systems,
systems and software engineering processes will evolve significantly over the next
two decades (Boehm 2006a). By analyzing today’s trends, Goff stated that the
average enterprise in 2025, even with innovation, market pressures, and significant
effort, will still be struggling to adapt with today’s leading technologies (Goff
2009).

In the case of predicting the future in software project management, both trends
of project management and software engineering could be helpful. The ten trends in
software engineering discussed in Boehm and Lane (2010) are

1. Increasing emphasis on rapid development and adaptability

2. Increasing software criticality and the need for quality assurance

3. Increased complexity, global systems of systems, and the need for scalability
and interoperability

4. Increased needs to accommodate Commercial-Off-The-Shelf (COTS) software
services and legacy systems
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. Increasingly large volumes of data and ways to learn from them
. Increased emphasis on users and end value

. Computational plenty and multicore chips

. Increasing integration of software and systems engineering

. Increasing software autonomy

. Combinations of biology and computing

[ ENoRe N e 9]

Technology trends and the continuing need for product differentiation, global-
ization, and its effect on the market and processes for new technology introduction
accelerate system change, which makes the trade-off between the speed develop-
ment and the costs of development a necessity. Nidiffer and Dolan (2005) stated
that the ever-increasing growth and complexity of software-intensive systems and
the appearance of geographically distributed systems are today’s trends. Geograph-
ically distributed projects let managers compress schedules by employing larger
workforces than could fit in a single location, using time zone differences to
increase the number of productive work hours in a day, and securing scarce
resources such as knowledge experts and other specialized resources no matter
where they reside. However, these benefits come with increased risks because of the
lack of face-to-face communication, in particular the potential loss of trust, collab-
oration, and communication richness.

On the other hand, as a probable situation, computational plenty will spawn new
types of applications and platforms. These will present process-related challenges
for specifying their configurations and behavior; generating the resulting applica-
tions; verifying and validating their capabilities such as performance and depend-
ability; and integrating them into even more complex systems of systems. All these
may need minor changes in the domain of project management. Boehm (2006b)
indicates that key challenges include cross-cultural bridging; the establishment of a
common shared vision and trust; contracting mechanisms and incentives; hand-
overs and change synchronization in multi-time zone development; and culture-
sensitive collaboration-oriented groupware.

1.7 Software Project Management: Past and Future

While the era of modern project management as a discipline started in the 1950s, it
was by about 1980 that the software development industry started implementing
some established project management practices. During this period, Barry Boehm
defined the whole field of software engineering economics by introducing
COCOMO, the Constructive Cost Model for software (Boehm 1981). In 1984,
The Project Management Institute (PMI) was offering its certification program for
the first time. By the 1990s, project management theories and practices accepted
widely, and project management was known as a profession.

More recently, project management has become a factor present at all levels, in
all divisions of many companies. Goff (2009) discussed visions for the project
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management software industry from an industrial point of view. The following
trends were projected:

¢ Project portfolio management
Currently there are several vendors that create tools to support portfolios in
the case of managing integration and it should support the future of project
management.

» Collaboration with the means of virtual teams and social networks
Combination of virtual teams with social networks in conjunction with more
advanced tools supporting collaboration and communication creates new oppor-
tunities of working together as virtual teams, not being colocated. This is
projected to result in a massive increase in the market size for PM software.

* Mastery of real-time tracking
Time tracking based on a time sheet is a critical success factor for many teams.
Earned value management becomes more useful if retrospective analysis moves
from being done one month after the work towards being done only one day
afterwards, in combination with having much more accurate and reliable
information available.

¢ Capture and reuse of project knowledge
Developing the project schedule and project plan once would be really great; in
fact all successive projects reuse the materials as templates. This reuse could be
applied in project documents such as test plans or requirements, too.

» Dashboards and project intelligence
Project tracking may be based on easy-to-measure trailing indicators instead of
critical indicators. Monitoring the project status in an efficient way will help in
project communication improvement and smarter decisions.

* Project management absorbed into enterprise systems
More and more connectivity to other enterprise system functionality. Strongest
ties are to enterprise resource planning (ERP) systems, but links and increasing
degree of overlap also exist with customer relationship management (CRM),
supply chain management (SCM), and product life cycle management (PLM)
systems.

1.8 This Book

Software Project Management in a Changing World is not “just another book™ in
the area of software project management. It brings together the various current
directions within the discipline, which have been so far presented mainly in
individual articles or books. Whenever appropriate, the content of the book is
based on evidence coming from empirical evaluation of the proposed approaches.

There is already a great variety of books and publications offering guidelines and
best practices. To keep the content of the book focused, the implicit assumption
here is that we do not address small-scale projects. For professionals, the book is
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intended to be a source of inspiration to refine their project management skills into
new areas. For researchers and graduate students, the book presents some of the
most recent methods and techniques to accommodate the new challenges of the
discipline. The goal of the book is to find a good balance between new results and
putting together existing material to allow its usage in new contexts.

The book consists of four parts, preceded by a general introduction. Each of the
parts consists of a sequence of chapters. All the four parts start with a brief overview
outlining its content.

Introduction

1. Software Project Management: Setting the Context by Giinther Ruhe and Claes
Wohlin

Part I: Fundamentals

2. Rethinking Success in Software Projects: Looking Beyond the Failure Factors
by Darren Dalcher
. Cost Prediction and Software Project Management by Martin Shepperd
4. Human Resource Allocation and Scheduling for Software Project Management
by Constantinos Stylianou and Andreas S. Andreou
5. Software Project Risk and Opportunity Management by Barry Boehm

[9]

Part II: Supporting Areas

6. Model-based Quality Management of Software Development Projects by Jens
Heidrich, Dieter Rombach and Michael Klis

7. Supporting Project Management through Integrated Management of System
and Project Knowledge by Barbara Paech, Alexander Delater and
Tom-Michael Hesse

8. A Framework for Implementing Product Portfolio Management in Software
Businesses by Erik Jagroep, Sjaak Brinkkemper, Inge van de Weerd and Ton
Dobbe

9. Managing Global Software Projects by Christof Ebert

10. Motivating Software Engineers Working in Virtual Teams across the Globe by

Sarah Beecham

Part I1I: New Paradigms

11. Agile Project Management by Tore Dyba, Torgeir Dingsgyr and Nils Brede
Moe

12. Distributed Project Management by Darja Smite

13. Management and Coordination of Free/Open Source Projects by loannis
Stamelos

14. Inner Source Project Management by Martin Host, Klaas-Jan Stol and Alma
Orucevic¢-Alagic¢
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Part IV: Emerging Techniques

15. Search-Based Software Project Management by Filomena Ferrucci, Mark
Harman and Federica Sarro

16. Social Media Collaboration in Software Projects by Rachel Harrison and
Varsha Veerappa

17. Process Simulation: A Tool for Software Project Managers? by Dietmar Pfahl

18. Occam’s Razor and Simple Software Project Management by Tim Menzies

Software project management is a dynamically evolving discipline, which is
constituted of a wide range of sub disciplines. Each of them covers specific
practices, methods, and tools. Even though we have covered a broad range of
topics, the book is not intended to be comprehensive. The selection of the chapters
was primarily based on the perceived importance of the topics, although it was
impossible to cover all topics of interest. For example, even though there exists a
large variety of proprietary and open source tools (Pereira et al. 2013), we consid-
ered software project management tools in general being outside the scope of the
book. Also, some recent trends such as the one of utilizing the power of predictive
analytics (Hassan 2013) or of visualization of project data (Novais et al. 2013) for
the purpose of qualifying project management were not included.

The book is intended to attract readers from both academia and practice. The
targeted benefits for the readers are

e Getting an overview of the most recent methods and techniques

¢ Support for better decision-making and providing inspiration when conducting
the activities related to project management in new contexts

e Learning about the most recent trends and understanding the implications of
their implementations
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Part I
Fundamentals

Introduction

Software project management as such implies managing a set of fundamental
aspects in relation to the development and evolution of software as outlined in
Chap. 1. In this part of the book, we have invited some of the leading experts in
relation to a set of fundamental areas for a software project manager to master, and
they share their knowledge, insights and accompanying recommendations and
conclusions in four chapters in this part of the book.

In Chap. 2, Darren Dalcher challenges us to rethink the definition of software
project management success. The chapter starts off by summarizing some of the
literature in reporting on the failures in relation to software projects. The data
clearly indicates that it is a daunting task to succeed with your software project, in
particular if it is a large project. He goes on to explain how the project manager all
too often is not really in charge of the main success factors: software performance in
terms of what the software should achieve, cost of development and delivery time.
Dalcher describes the need to have multiple categories for success, for example,
project success and product success. Based on this reasoning, the chapter presents a
four-level model of success in relation to software projects and their output. Some
examples are presented to highlight how the perception of failure or success may
change with the levels as well as over time.

Martin Shepperd provides a review of software project cost prediction in
Chap. 3. He starts by discussing some of the main reasons for the problems in
relation to cost prediction: 1) complexity of the development, 2) software develop-
ment is a design activity, 3) estimates are needed early and 4) the development is
often put under social and political pressure. The chapter continues by reviewing
some of the techniques for cost prediction both formal models and expert judgment.
Challenges in relation to both techniques for cost prediction are discussed along
with the need to consider both the people and formal aspects. Particular emphasis is
given to the problems that arise from cognitive biases, that is, heuristics that cause
even experts to deviate from optimal or logical decision-making. Based on the
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discussion, Shepperd provides some recommendations in relation to improving the
practice of software cost prediction.

In Chap. 4, Constantinos Stylianou and Andreas S. Andreou address some of the
issues in relation to human resource allocation and scheduling in software projects.
Given that software development is a design activity, the human aspect of devel-
opment and management is crucial. Stylianou and Andreou focus on human
resources from a planning perspective, including assigning developers and teams
to tasks within the development. The chapter provides an overview of some recent
approaches to human resource allocation and scheduling. The most common
general approaches in research relate to using different specific techniques in
relation to mathematical modelling and computational intelligence. The chapter
provides summaries and references to specific approaches to human resource
allocation and scheduling. It ends with a discussion on the shift towards also
incorporating non-technical factors in human resource allocation and scheduling
and, in particular, the adoption of a more human-centric approach by using software
developers’ personality types to allocate tasks and form teams.

Barry Boehm has authored the final chapter (Chap. 5) in this part. The chapter
discusses risk and opportunity management in relation to software projects. Risk is
an uncertain condition and event, which may jeopardize the success of the software
project. Boehm describes a number of aspects to be addressed to manage risk. He
discusses the duality between risk and opportunity, where risks may generate losses
and opportunities may result in gains. He describes and illustrates how risk and
opportunity exposure can be managed. Boehm highlights that not only risks must be
managed, but also the opportunities. He continues by discussing the joint manage-
ment of risks and opportunities. Furthermore, he introduces the concept of lean risk
management plans and discusses risk tracking.

The four chapters in this part give an in-depth insight into some of the challenges
related to a selection of fundamental areas for anyone conducting research into
software project management or managing a software project.
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Chapter 2
Rethinking Success in Software Projects:
Looking Beyond the Failure Factors

Darren Dalcher

Abstract The notions of success and failure in software projects are confusing.
Failure is often considered in the context of the iron triangle as the inability to meet
time, cost, and performance constraints. While there is a consensus around the
prevalence of project failure, new projects seem destined to repeat past mistakes.
This chapter tries to advance the discussion by offering a new perspective for
reasoning about the meaning of success and the different types of software project
failures.

In order to court project success, practitioners need to rise beyond a fixation with
the internal parameters of efficiency, thus bringing forth the effectiveness required
to secure project success. The chapter begins by discussing the limited insights
from existing project failure surveys, before offering a four-level model addressing
the essence of successful delivery and operation in software projects. Following
consideration of outcomes and time, the chapter offers a series of vignettes and mini
case studies that highlight the rich interplay between the four levels of success,
before addressing the types of measures underpinning the four levels and the need
to develop a multi-dimensional perspective to obtain a more accurate picture
regarding the success of a project.

2.1 The Extent of Software Project Failures

The popular computing literature is awash with stories of software development
failures and their adverse impacts on individuals, organisations, and societal infra-
structure. Indeed, contemporary software development practice is regularly
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characterised by runaway projects, late delivery, exceeded budgets, reduced func-
tionality, and questionable quality that often translate into cancellations, reduced
scope, and significant rework cycles (Dalcher 1994). The net result is an accumu-
lation of waste typically measured in financial terms. For example, in 1995, failed
U.S. projects cost $81 billion, with an additional $59 billion of overspend, totalling
$140 billion (Standish 2004). Capers Jones contended that the average
U.S. cancelled project was a year late, having consumed 200 % of its expected
budget at the point of cancellation (1994). In 1996, failed projects alone totalled an
estimated $100 billion (Luqi and Goguen 1997). In 1998, 28 % of projects failed, at
a cost of $75 billion, while in 2000, 65,000 U.S. projects were reported to be failing
(Standish 2000). McManus and Wood-Harper (2008) reported that the cost of
software project failure across the European Union in 2004 was €142 billion.
More recently, a McKinsey—Oxford survey of more than 5,400 software projects
revealed that half of all projects significantly fail on budgetary assessment, while
17 % of projects actually threaten the very existence of the company, with the
average project running 45 % over budget and 7 % behind schedule, while deliv-
ering 56 % less functionality than predicted (Bloch et al. 2013). According to the
report, achieving $15 million in benefits now requires an average spending in
excess of $59 million.

Yet, software project failure is not a new phenomenon. The first indications of
the problem and mention of the term ‘software crisis’ were made during the NATO
conferences in 1968 and 1969 (Naur and Randell 1968; Buxton et al. 1969). Indeed,
conference attendees reported a set of symptoms that would resonate with the issues
raised by developers and managers today. Over 30 years ago, a GAO report in the
USA (Anon 1979) showed that there were serious problems associated with the
development of software. Less than 2 % of the total value of contracts could be used
efficiently as delivered and a further 3 % could only be used after changes. The rest
of the projects had the software delivered but never successfully used; the software
paid for but not delivered; or the software used but extensively reworked or later
abandoned. Moreover, the first edition of the best-selling book in software engi-
neering tells the story of a huge IBM software project with major cost and schedule
delays which teetered on the brink of disaster for a number of years from the
perspective of the project manager trying to stabilize the project (Brooks 1975).
Indeed, the OS360 project came close to bankrupting IBM.

Consultancies and polling organisations have attempted to collect market data
about the prevalence of failure. The Standish Group, for example, has been com-
piling an annual failure survey since 1994. In 1995, 31.1 % of U.S. software
projects were cancelled, while 52.7 % were completed late, over budget (cost
189 % of their original budget), and lacked essential functionality (Standish
2000). Only 16.2 % of projects were completed on time and within budget; only
9 % were in larger companies, where completed projects had an average of 42 % of
desired functionality (ibid.). The 1996 cancellation figure rose to 40 % (ibid.)
before improving to around 15 % in 2002 (see Fig. 2.1). However, the most recent
figures reveal that the current failure rate is 21 % (Standish 2011) with 63 % of
overall projects labelled as not successful. Note that problems associated with cost
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Standish figures 1994-2010
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Fig. 2.1 Standish figures 1994-2010

estimation and the apparent optimism of software project managers are covered in
Chap. 3.

While the research approach used by the Standish Group has been challenged
over the methodology adopted and its rigour (Glass 2005, 2006; Jgrgensen and
Molgkken 2006; Eveleens and Verhoef 2010), the figures provide a well-referenced
baseline related to the extent of software project failures. Other studies appear to
confirm the high failure rates. For example, Taylor (2000) reported that only
130 projects out of 1,027 were considered successful, while a 2004
PriceWaterhouse-Coopers study surveyed 10,640 projects and revealed that only
2.5 % of companies achieve budget, scope, and schedule targets on all their
projects. Sauer and Cuthbertson (2003) reported that 16 % of IT projects (with a
major emphasis on software development) were considered successful, however
Sauer et al. (2007) noted that 67 % of the projects were nonetheless delivered close
to budget, schedule, and scope expectations. More recently, McManus and Wood-
Harper (2008) discovered that only one in eight IT projects can be considered truly
successful, with almost a quarter (23.8 %) cancelled due to issues related to
requirements, change, communication, business process alignment, and overspend.
Using similar definitions, IBM (2008) reported that only 40 % of projects experi-
enced by 1,500 change management executives met their schedule, budget, and
quality targets, while KPMG (2010) observed that 70 % of surveyed organisations
in New Zealand had experienced a failure in the previous 12 months. Following
interviews with 600 developers, Geneca (2011) reported that 75 % of project
participants lacked confidence in project success, admitting that their projects are
‘doomed right from the start’.

Not surprisingly, larger and longer projects fare worse. Figure 2.2 shows the
probability of success mapped against project duration relating to a body of 23,000
projects accumulated by the Standish Group. The diagram confirms that the
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Fig. 2.2 Standish figures: success against project duration

probability of success is much higher for smaller projects; for longer projects, the
likelihood of a successful outcome is significantly decreased. Jones (2007) confirms
from his detailed studies that the risk of cancellation or major delays rises rapidly as
the overall application size (measured in function points) goes up.

Jones (2007, 2008) investigated the likelihood that the average U.S. software
project will be cancelled, typically due to cost and schedule overruns, failure to
meet requirements, poor planning, estimating, quality control, or excessive require-
ments creep, relative to size. The results indicate that none of the eight domains
investigated are fully successful for large systems of above 10,000 function points
in size, showing the average probability of cancellation at 36 %. He warned that the
‘development of large applications in excess of 10,000 function points is one of the
most hazardous and risky undertakings of the modern world’ (Jones 2007). Appli-
cations in the region of 100,000 function points are more likely to fail with an
average cancellation likelihood reading of 51 %, with some sectors such as Man-
agement Information Systems displaying higher failure rates (70 %). Jones (2008,
p- 308) concluded that: ‘Cancellations, major delays in excess of one calendar year,
and cost overruns in excess of 100 % remain endemic problems for software
applications in the 100,000 function point size range, and larger.” Jones (2010)
further added that: ‘large software projects are almost always over budget, usually
delivered late, and are filled with bugs when they’re finally delivered. Even worse,
as many as 35 % of large applications in the 10,000 function point or more size
range will be cancelled and never delivered at all.’

Flyvbjerg and Budzier (2011) contended that IT projects are now so big and their
influence so wide ranging across many aspects of the organisation, that they pose a
singular new kind of risk that can sink entire corporations, cities, and even nations.
Their global survey of 1,471 IT change projects showed that while the average cost
overrun on large initiatives was 27 %, one in six projects showed a cost overrun of
200 %, on average, and a schedule overrun of almost 70 %. As software is
integrated into bigger products and systems, the concerns can become magnified.
‘The software industry has the highest failure rate of any so-called engineering
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field. An occupation that runs late on more than 75 % of projects and cancels as
many as 35 % of larger projects is not a true engineering discipline’ (Jones 2010).

2.2 Beyond Simple Success Measures

The relationship between success and failure is not clear. Some view the relation-
ship as a binary function so that a project is either successful, or not. The research
by McManus and Wood-Harper describes failure as ‘those projects that do not meet
the original time, cost and requirements criteria’. The Standish Group makes a
further distinction between ‘failed projects’ and ‘challenged projects’. Failed pro-
jects are cancelled before completion, never implemented, or scrapped following
installation. Challenged projects are completed and operational projects which are
over-budget, late, and with fewer features and functions than initially specified.
Successful projects, in contrast, are completed on time, on budget, with all specified
features. Figure 2.1 also shows the relationship between successful, challenged, and
failed projects. Observing the Standish figures over the past 19 years would appear
to indicate a rough rule of thumb, suggesting a split of 25 % of projects being
successful, 50 % being challenged, and 25 % failing.

The Oxford Dictionary defines success as: a favourable outcome; doing what
was desired or attempted; the accomplishment of an aim or purpose; or the
attainment of wealth or fame or position. Failure is broadly defined as lack of
success supporting the idea of a binary relationship. In an attempt to make further
sense of the relative positions of success and failure, software surveys have clearly
found it useful to introduce the idea of partial failure (or challenged projects) as an
intermediate position between success and failure, potentially indicating dissatis-
faction with a two-state explanation. Indeed many project outcomes do not fall
directly into either category.

The majority of the studies mentioned above define success as meeting all the
criteria associated with the budget, schedule, and functionality; with failure viewed
as a failure to meet all of the same criteria. This implies that if a project is finished
on time, within budget, whilst offering the expected functionality, it can be viewed
as successful. Conversely, failing to meet any of the criteria will deem it a failure.
The view is predicated on the traditional measures applied in project management
and generally known as the triple constraint, the golden triangle, or the iron triangle.
This idea presupposes high estimation accuracy with regard to the initial formula-
tion of the variables of the triple constraint (Eveleens and Verhoef 2010) when the
degree of uncertainty is at its greatest.

Traditional project management theory holds that optimising the three criteria
will result in ideal performance on a project. Typical projects thus require a
balancing act between the so-called triple constraints of time, cost, and functional-
ity as expressed in the original triangle conceived by Martin Barnes in 1969 (see
Fig. 2.3). Note that the third corner is named ‘performance’. The original release
named that corner ‘quality’, but this was soon corrected to performance ‘to reflect
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Fig. 2.3 Budget, time, and
performance trade-off

Performance

whatever the finished product was supposed to achieve’ (Barnes 2013). Perfor-
mance means satisfactory function of the product, which has to be fully defined.
This could be specified in terms of rate of return, profit, beat the enemy, impress
visitors, or in the case of software the project scope and expected functionality. The
whole point of the triangle is that the spot can be placed at such a point that its
closeness to each corner represents its relative importance and helps the project
manager to make informed decisions about the project. Trade-offs and adjustments
are therefore made by restricting, adding to, or adjusting the cost, time, and
performance associated with a project. The triangle enables managers to consider
each decision and its implications on the dimensions of time, cost, and performance
and integrate the different project management functions. For example, the more
that is requested in terms of performance, the more it is likely to cost and the longer
the expected duration. If the client needs to have a certain performance delivered
very rapidly, this will increase the cost due to the need to work faster and have more
resources involved in the development, albeit with increased communication costs.
The more features expected from a system, the higher the cost and the longer the
expected duration. Conversely, if the costs need to be kept to a minimum, one may
need to consider the essential performance, or the overall project scope, and
compromise there (Dalcher and Brodie 2007).

Many managers quickly discover that the triangle is not flexible. The three
factors are closely entwined and project managers are expected to balance the
what (performance) with the when (time) and the how much (cost). Kloppenborg
and Mantel (1990) discerned that the importance assigned to the factors varies
systematically according to the life cycle stage. Optimisation and trade-offs will
thus depend on the phase during which decisions are made. While tools such as
project priority matrices (see Fig. 2.4) may be utilised to prioritise the constraints
underpinning the decision process, managers would need to consider the overall
priorities and recognise that priorities may shift according to the stage of develop-
ment. The priority matrix offers a simplifying mechanism for making decisions.
The horizontal axis depicts the three key constraints of time, performance, and cost,
while the vertical axis covers the suggested treatment options (constrain, enhance,
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Time Performance

Constrain

Enhance

Fig. 2.4 Project priority matrix

or accept). In the example below, the proposed project offers a new type of market-
leading functionality which must be available in full; that is, it MUST meet the
performance criteria—hence fixing, or constraining, that aspect. Given the intention
to release before the competition, every effort should be spent on activities that
enhance or help project delivery to ensure the product is first to market. The trade-
off, therefore, requires that reasonable additional costs are accepted in order to
optimise the time criterion, whilst strictly adhering to the performance brief. The
matrix offers a structured way of considering the impacts offering a simplified
version of the trade-off triangle.

In practice, performance is often determined prior to the project. Moreover,
project managers often inherit the overall budget from the contracting activities that
may even have imposed a fixed-price contract structure. A fixed overall budget may
also exclude typical remedies like the hiring of specialists and the addition of
human resources. The only remaining latitude for leverage is in the schedule.
However, this may also be imposed on a project through a fixed date for delivery
with little regard to the complexity of the intended system or the risks it embodies.
Once both budget and schedule are fixed, there appears to be little capacity for
compromises and trade-offs.

The three factors clearly play a key part in determining the degree to which a
project is challenged (or even deemed a failure); yet they may be uncontrollable by
the project manager. Indeed, Capers Jones observed that the most common con-
straints encountered are: fixed delivery dates; fixed-price contracts; staffing or team
size limitations; and performance or throughput constraints (Jones 2000) i.e., fixed
time, price, staffing level, performance, and scope. Many managers are thus looking
to control other factors that may alter the outcome of the project, in particular as the
constraints often occur in concert. Measuring success on the basis of preestablished
parameters that cannot be adjusted is therefore of limited value.
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Before addressing additional factors in the next section it is also useful to point
out that the artefacts of projects, especially the final delivered systems, interact with
organisations, customers, stakeholders, and other systems. Their impacts, regard-
less of whether or not they are delivered on time, can be crucial and perhaps even
fatal in financial or real terms. Dalcher reports on the impact of an ambulance
despatch system that was delivered to the users, the citizens of a major metropolis
(on the third attempt), yet failed in action subsequently, potentially leading to loss
of life (Dalcher 2010). Another illustration is a UK disaster which followed an
earlier, yet unrelated failure. The delay in introducing the Nirs2 system into the
Inland Revenue beginning in 1995 meant that additional backlogs were building
up. The backlogs caused the Inland Revenue to stop sending reminders to up to a
third of the UK working force, warning them that they needed to top up their
national insurance contributions. As a result, around 10 million people face a state
pension shortfall. The impacted party includes the lowest paid workers in the
UK. While the backlog resulted from a delayed system that itself cost taxpayers
millions of pounds, the additional loss will be borne by individuals and only count
as a hidden backlog indirectly stemming from another failure. The true cost to
individuals is likely to be £15 billion and the hardship that ensues as a result (BBC
2003). Therein lies the complexity of counting the costs of failure. Numerous other
compilations have been published identifying major impacts on individuals, orga-
nisations, and society at large (see for example, Dalcher 1994, 2012; Flowers 1996;
Charette 2005). The success, and failure, of software projects therefore cannot be
delimited by a simplified set of factors and constraints associated with the delivery
effort.

2.3 Rethinking Project Success

Project success is a rather nebulous concept and the focus on the triple constraint
can be too limiting. Indeed, Linberg (1999) asserted that a whole new theory of
project success is needed. Pinto and Slevin (1988) noted that success combines
issues related to the project itself with issues related to the client. Moreover,
software developers and systems analysts have recognised long ago that user
involvement, satisfaction and buy-in are crucial to the success of software projects.
Prototyping and user-driven approaches were developed to maximise the potential
for satisfaction for various stakeholders and thus increase the likelihood of user
acceptance of the ultimate system.

Baccarini identified the need to distinguish between project management success
and the success of the product which entails dealing with the effects of the project’s
final delivered product (1999), thereby allaying the need to define a further dimen-
sion concerned with client expectations which have already been expressed in the
desired performance functionality. Ironically, this chimes with the original (but
often misunderstood) intention of the Barnes’ triangle (Fig. 2.3) to capture the
agreed upon definition of the purpose of the project or how the complete project
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would perform. Given that the product will be utilised by the client there is a degree
of correspondence between the dichotomies put forward by Pinto and Slevin and by
Baccarini. Indeed, de Wit (1988) observed that measuring progress and cost are part
of project control, which should not be confused with measuring success. Cooke-
Davies (2002) likewise made a distinction between the focus on project perfor-
mance and the need to look at the success of a project.

Having multiple categories of success would suggest that it is possible to be
successful in some areas and not successful in others. It thus makes it possible to
understand mismatches between the different criteria and groups. Moreover, it
implies that the traditional triple constraints of cost, time, and performance only
reveal part of the picture. In other words, it may be possible to maximise the
traditional criteria and yet deliver a product that is not valued by the users.
Likewise, it is also possible to exceed the traditional criteria but deliver a product
that is valued and adopted by the user community, despite exceeding the budget or
the schedule, or even both.

The discussion thus far indicates that at least two different levels of success can
be identified. Indeed, according to Munns and Bjerimi (1996) it is possible to
achieve a successful project even when management has failed, and also possible
to deliver a failed project following successful management. However most studies
and surveys of software project failures tend to focus on the traditional criteria of
efficiency embedded through the triple constraints of time, cost and performance.
They thus ignore the deeper aspects associated with the delivered product, its
perceived utility and value, the expectations and needs of stakeholders, the intended
performance of the product, and the project context.

Further evidence of the need to look beyond the traditional criteria is provided in
Table 2.1, which summarises an extended and refined set of common issues that
were originally identified across six project failures covered in detail in Dalcher and
Genus (2003) and extended through a sequence of workshops with practitioners, the
mapping of factors in 150 failed projects and a series of four international surveys
resulting in the revised figure presented in this chapter. Note: Escalation of com-
mitment and its impact on projects is explained in detail in Sect. 11.3.

The obvious message from the set of issues is that the traditional efficiency
criteria as embedded in the triple constraint do not appear to have played a part in
the build-up to any of the failures. Instead, the issues identified were more
concerned with the product (as well as the assumptions and expectations surround-
ing it) and the overall business success.

It may also be instructive to scrutinise other domains and sectors. When the UK
Government recognised that the construction sector was underachieving, it
assigned a task force to determine the causes of the shortfall. The study
recommended substantial changes in the culture and structure of the sector (Egan
1998). Crucially, it perceived the need to replace competitive tendering with long-
term relationships to address the growing dissatisfaction of both private and public
sector clients. The main criticism was reserved for the way projects were assessed
as the focus on time, cost, and quality was recognised to be wholly inadequate.
Overall, the task force acknowledged that the construction sector had thus far failed
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Table 2.1 Groupings of crucial issues observed in failures

Area Typical additional issues

Relationship Vendor—client disagreements, partnerships, long-term perspective,
management respect, joint working

Trust Lack of trust, reliance, co-operation

Communication Information, barriers, exchange, ambiguities

Management of Stakeholder engagement, needs assessment, involvement
expectations

Politics Organisational politics, blocks, defensive routines

Escalation of Sunken costs, pressure, escalating investment
commitment

Risk management Exchanging risks, effective transfer

Contract management ~ Contractual engagement, multiple interpretations, expected obligations

to meet the needs of modern business by failing to look beyond the traditional
success criteria to determine the true performance of projects. A 10-year retrospec-
tive review re-affirmed that progress had yet to materialise (Egan 2008).

2.4 Towards Multiple Levels of Success

Success, it would appear, needs to be understood at multiple levels in order to
appreciate the complex dynamics and subtle impacts. A tabular representation of
four levels of success, which builds on the earlier discussion, is offered in Table 2.2.

Level 1 represents project management success and is thus concerned with
internal efficiency and performance measurement and optimisation at the project
level through the tracking of the cost, schedule and performance parameters. Level
1 success is therefore to do with project delivery against the constraints or measures
imposed on the project.

Level 2 is focused on the overall effectiveness of the project through the lens of
what is actually being delivered. Success is measured through the utility and
acceptability of the output that has been delivered. The benefits of the projects
and the achievement of the objectives are thus assessed in terms of the satisfaction
of the customer and the different stakeholder groups. Level 2 success reflects the
acceptability and impact of the resulting artefact, the benefits that it delivers, the
degree to which it is used, the quality built into it, the match with the project
objectives, needs and requirements, the relationship with the different stakeholder
groups, and the overall impact on the customer.

Level 3 is centred on the business efficiency which is assessed through the
creation and delivery of internal value. The outcome of the project contributes to
business success through the satisfaction of business objectives that have been
realised. Success equates to maximisation of financial and business efficiency
measures, such as sales, profits or ROI as well as delivered value measures.
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Table 2.2 Levels of success

Levels of project success Focus

Level 1: Project management success — Efficiency and performance
Level 2: Project success — Objectives, benefits, stakeholders
Level 3: Business success — Value creation and delivery
Level 4: Future potential — New markets, skills, opportunities

Level 4 is forward looking and opportunistic and enhances the business horizon
by projecting future gains and opening new avenues, capabilities, skills, and
markets. Strategic opportunities require a continuous and long-term approach that
seeks to derive not just immediate benefit but also maximise opportunities for
cornering the market, creating killer applications, and building the potential for
self-enhancing positive feedback loops to secure future growth. Level 4 success is
achieved through the realisation of new opportunities and harnessing of new
potential. It may include new uses or ideas that were not originally considered as
well as the development of new competence or capability.

The focus identified in Table 2.2 provides a clue as to the nature of measure-
ments required at each level. Measurement at Level 1 focus on determining the
progress and efficiency of the project management effort, for example, through the
use of earned value management. Measures for Level 2 are concerned with benefits
realisation and measuring the achievements of objectives, requirements, and expec-
tations. Measures for Level 3 emphasise the business value using traditional
economic measures such as sales, revenue, and delivered value. Measures for
Level 4 require a more creative measurement of opportunities, capabilities, and
market position. The combined levels offer a richer way of conceptualising and
making sense of the complex phenomena surrounding success in and around
projects.

2.5 Mapping Success

It is interesting to note the horizon of activity for each of the levels of success. At
Level 1, project management success is concerned with the execution of the project
itself based on performance against internally established constraints. Success at
this level is determined upon the delivery of the project, often achieved through the
incremental delivery of partial targets. It is primarily concerned with the task of
project control. This is what most failure surveys assess and, therefore, where most
failures are observed.

Level 2 success is more deeply entwined with the design activities resulting in
the product or deliverables; indeed this is where utility and quality provide the key
to the assessment of success. Both levels can be said to be output driven as they look
at the complementary aspects of technical action and management within
established and imposed constraints. Level 2 success can extend to cover the entire
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Table 2.3 Focus vs. output/outcome
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Focus
vs. output/
outcome

Outputs

Outcomes

Internal focus

External focus

Level 1: Project management success
Internal measures and constraints

Level 2: Project success
Utility/usefulness of deliverables and
other key outputs to stakeholders

Level 3: Business success

Internal business value realised fol-
lowing project investment

Level 4: Future potential

Business potential, opportunities
and wider implications

operational life of the project. After all, delivering a bridge that stands for 6 months
before collapsing is far from being a mark of utility, quality, or success.

The levels of success show a shift from focusing on internal efficiency and
outputs, to outcomes and value as more strategic considerations come into play. The
main distinction is that oufputs occur as a result of a process as they relate to the
specified deliverables and artefacts (that are delivered within time, cost, and
performance constraints) viewed in terms of tangible products and services, such
as a new web interface. Outcomes are the effects of change and how it translates
into value for the entire business even beyond the reach of the original project.
Outcomes happen as a result of the work and will often support the realisation of
strategy through new capabilities or capacities, such as improved access to services
or systems resulting from the new web interface. This relationship is depicted in
Table 2.3.

Encouraging long-term thinking is important from a strategic perspective as it
enables organisations to realise corporate strategies. It also fits with the need to deal
with extended life cycles and consider deployment, extended use, and
decommissioning of artefacts alongside benefiting from new opportunities and
market possibilities. Moreover, it also chimes with the idea of viewing software
development as the development of a continuous service (implying the fostering of
long-term relationships and the dedication of attention to strategic concerns at the
operational end) rather than the delivery of a single artefact. It is worth noting that
while Levels 1 and 2 are primarily concerned with the delivery of a single project,
the remaining levels look beyond a single delivery view by utilising a more
strategic lens that considers operation and investment cycles.

A further important distinction is the separation between efficiency and effec-
tiveness. Project managers and software developers have shown a tendency to focus
on efficiency and its implications, as is reflected by the continuing obsession with
failure studies. However meaningful solutions emerge from consideration of effec-
tiveness. Efficiency is essentially viewed as an internally oriented productivity
metric and method of evaluation, as it is concerned with following procedures
and processes, adhering to constraints or achieving with minimum resources.
Effectiveness on the other hand, relates to the overall utility; the ends to effective-
ness’ means.
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Table 2.4 Efficiency/effectiveness vs. timing orientation

Efficiency/
effectiveness
vs. timing
orientation Short term Long term
Efficiency Level 1: Project management success Level 3: Business success
Efficiency of project: internal effi- Determining financial efficiency,
ciency in delivery within con- business value, and return on
straints; minimising resources; investment
procedural focus; project
execution
Effectiveness Level 2: Project success Level 4: Future potential
Utility and quality of output; com-  Achieving enterprise objectives; best
pleteness, and conformance to quality horizon as focus for
requirements addressing true improvement; investment as
needs and concerns of greater benefit
stakeholders

In a nutshell, efficiency focuses on optimisation of the available resources by
‘doing things right’, while effectiveness revolves around the fulfilment of objec-
tives and the contribution to achieving organisational goals by ‘doing the right
things’. This is depicted in Table 2.4 which also shows the types of measures
required.

Failure studies and surveys seem to focus on criteria concerned with the effi-
ciency of projects, while ignoring the effectiveness aspects, and thus sidestepping
the major issues associated with the outcomes of change. Indeed, even the bodies of
knowledge in project management seem concerned with the track record of projects
as a measure of quality. However, this is not the case as achievement in line with the
triple constraints measures the ability to predict deadlines when uncertainty is at its
highest and stick to them. This is not a measure of quality and is therefore addressed
as Level 1 success. To attain project success, one needs to relate to the benefits,
impacts, and quality aspects and perspectives related to the effectiveness of a
project.

Quality, utility, and success are judged by different stakeholders in different
ways, employing different criteria, over different timescales (Morris and Hough
1987; Wateridge 1995; Turner 2009)—see also Chap. 6. Recently, there has been a
tendency to let the customer define quality. The Kodak organisation defines quality
as ‘those products or services that are perceived to meet or exceed the needs and
expectations of the customer at a cost that represents outstanding value’ (Kerzner
2009). The interesting point to note with this definition is how the customer
viewpoint impacts on a project: a project must take great care that it accurately
defines the customers’ needs and expectations, as the ultimate power about deciding
on quality is given to the customers. So with this type of definition, conformance to
requirements is not necessarily sufficient—the customer must be satisfied with the
resulting product or service. Further, in order to maintain the satisfaction of
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customers and their loyalty and to ensure higher levels of success, products need to
be revised and adjusted to reflect shifting needs and expectations (as well as market
trends and competition). Consequently, maintaining quality becomes a continuous
process of product (and process) improvement (Dalcher and Brodie 2007).

2.6 Illustrative Examples

To highlight the distinctive features of the levels of success and the differences
between them it might be instructive to focus on thumbnail sketch examples of
projects from a range of sectors and reflect on their relative success in comparison
with the four levels.

Story 1: The operation was successful but the patient died. Level 1 success—
Level 2 failure. This chapter began by describing a number of failure surveys
focused on project management failure (i.e., the inability to meet time, cost, and
performance criteria). Project management success is no guarantee of project
success as many targets are assigned arbitrarily at an early phase. For example,
the third attempt to deliver a working ambulance despatch system for London was
delivered by the agreed deadline (Level 1 success), but stopped working a few days
later resulting in potential loss of life (Dalcher 2010). This experience will chime
with other software projects that are delivered on time and within budget, covering
the agreed scope, which are ultimately never used by the users, or fail within a few
weeks of the handover date.

Story 2: The Millennium Dome: Early partial failure becomes Level 4 suc-
cess. The project to deliver a dome-shaped building to house a 1-year exhibition to
celebrate the millennium had to be delivered in time for the new Millennium. The
building itself and the infrastructure enabling Londoners to experience the exhibi-
tion were just about finished on time, but only following an unexpected injection of
additional funds. On opening night, many of the exhibits were not functioning and
dignitaries were left to queue outside for hours. Expected visitor numbers as
specified in the business case exceeded one million per month, but in practice
only about a third of the expected visitors turned up. The exhibition had to be kept
open for a further year (in clear violation of the stated intention) to try and recoup
some of the costs, while the entry fee was ultimately cut in half in order to attract
additional visitors. Following the end of the exhibition, the site was mothballed at a
cost of £190,000 a year adding to the accumulated losses. However, once the sale
was finally concluded, the renamed O2 Centre became the biggest and most
successful sports and entertainment arena complex in Europe. Level 4 success
through innovative use of the structure thus managed to make up for the earlier
disappointments (albeit in the hands of a new owner).

Story 3: The Sydney Opera House: Technical failure—architectural mar-
vel. An even more heralded failure which clearly failed in terms of project man-
agement, project, and business. The Sydney Opera House came in at 14 times over
budget, a clear project management failure. The building was unsuitable for its
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original purpose as the acoustics made it impossible to have concerts inside the hall.
However the building has become an icon and is considered to be an architectural
marvel. It is attracting tourists from all over the world and generating revenue, not
least for the entire city. The revenue is not generated under the original intention but
the new potential has been utilised to the full. Interestingly, the building was not fit
for its purpose and hence was not of acceptable quality, yet it managed to generate a
new purpose for which it was fit enough.

Story 4: Project Orion: Level 1 & 2 innovation success—long-term failure.
A massive effort to develop Kodak’s new Advantix photographic system was
considered a big success on completion. The product was selected by Business
Week as one of the best new products of 1996 (suggesting project success). It also
won the Project Management Institute International Project of the Year award,
confirming that it was also a project management success. The only problem was
that Kodak failed to anticipate the accelerating switch to digital photography which
made the product redundant. A successful output that won multiple awards was thus
destined to become a failure as an outcome as it failed to deliver the promised value.
In terms of utility the resulting product was an award winner but at the wrong end of
the utilisation and relevance curve just as the technology slid out of fashion and was
replaced by a new innovation.

The brief vignettes highlight the complexity of success and the interplay
between the different levels involved. Success is never simple and the mini cases
help in shedding further light on the rich, interconnected, and intricate (and
sometimes temporary) nature of success.

2.7 The Impact of Time

Time is often viewed as a strategic resource. In some cases, it is viewed as being
more important than money. This brief section focuses on the temporal nature of
success and failure through the lens of time. In essence, we all recognise that things
change. Perceptions, values, priorities, and objectives shift over time. Views about
success and failure may also be similarly impacted. What is considered to be
success, or a failure at a given point, may need to be adjusted to reflect new
perceptions or changing views. Some of the individual cases described above hint
at the change of perception over time. The following mini-case emphasises that
point further.

Story 5: Raising the Vasa: Celebrating failure. The Vasa was the pride of the
Swedish Royal Navy on August 1628 when it set sail on its maiden voyage.
According to Fairley and Wilshire (2003), it was Sweden’s most expensive project
ever. The ship was much needed to bolster the Navy following a number of defeats
in the Baltic Sea during the war with Poland. It was also meant to outperform a
Danish ship being built at the same time. The completion of the ship was heralded
as a great success and thousands turned up for cheer. Yet, definite success turned to
failure when the ship capsized and sank after managing to sail less than a nautical
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mile out of Stockholm on a calm day. The crowd, which included foreign ambas-
sadors invited to witness the great occasion, watched the ship disappear only 120 m
from shore, with the loss of 30-50 sailors. In the space of minutes the successful
release had turned into a catastrophic failure, accompanied by the loss of human
life. The Vasa 333 years later, was raised and ultimately installed in a Museum
close to where it sank. The Vasa is now one of Sweden’s most popular tourist
attractions as an embarrassing episode was radically transformed into a long-term
success by ‘celebrating’ and analysing the failure.

The moral of the story is that the perception of success, and failure is wholly
dependent on the point at which it is assessed. An undertaking can shift from being
viewed as a success, as in the case of a standing bridge, or a floating ship, to being
regarded as a total failure following structural, or even human failure. Nonetheless,
over time new opportunities emerge and the perception can once again shift.
Understanding and labelling of phenomena is therefore clearly aligned to the period
in which it is perceived, observed, and categorised. The benefit of hindsight, the
burden of maintenance, or the chimes of progress can revive, question, and
re-enliven previous pronouncements.

It is also worth noting that outcomes persist beyond the life of a given project or
programme. Increasingly, there is talk about the legacy of projects which delays the
assessment of the impacts and results on initiatives. For example the legacy targets
of the London 2012 Olympic games include local regeneration, increased partici-
pation in sports activities, enhanced enrolment in local clubs, and a reduction in
rates of obesity among young people (BBC 2012). Such targets and outcomes can
only be evaluated longitudinally. The reasons for the longer time horizon include
the following:

« Effects following significant interventions are only temporary and partial.
¢ Evaluation requires a longer time horizon.

¢ Benefits were designed to be measured over longer time periods.

« Perceptions and priorities shift with time.

» Impact is measured in terms of changes to adaptive patterns over time.

2.8 Measuring Success

Determining the success of a project is not simple. It is often said that success is in
the eye of the beholder, and can mean different things to different people. Conse-
quently, analysing the dimensions of success and failure is a complicated task
(Cooke-Davies 2002; Shenhar and Dvir 2007; Dalcher 2009). Measuring success
requires an understanding of the different levels of success and what each one can
offer:

Project management success implies tracking data related to predicted cost, time,
and scope. Measuring performance against efficiency considerations is relatively
straightforward. Determining progress through monitoring the achievement of
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milestones (e.g., using Earned Value Methods) enables project managers to track
the achievement of predefined targets. It is a very useful focus when there is little
residual uncertainty or when the project is clearly understood. However, it is
debateable whether the measurement of an arbitrarily predefined target is
completely meaningful, especially when project managers play little, if any,
part in the initial estimation. Typical measures would focus on the efficiency of
the process emphasising milestones, identified defects, and delivery and change
management measures (including approved change requests), as well as earned
value management measures showing project management progress, cost and
schedule variances, cost performance index, and estimate to complete.

Project success relates to the effectiveness of a project and is normally considered
in terms of realised benefits. In order to provide meaningful values, measures
should relate to the requirements identified and be established and acknowl-
edged as part of the needs assessment and requirements management processes.
Stakeholder management is central to the identification and assessment of the
concerns of different stakeholder groups and the issues impacting the develop-
ment team. de Wit (1988) defined success as encompassing a high level of
satisfaction concerning the project result amongst key stakeholders and users,
while Lyytinen and Hirschheim (1987) framed the effort in terms of meeting
stakeholders’ expectations in terms of the balance between the objectives,
constraints, and benefits. Project success can therefore be viewed as either
realising the stream of benefits allocated to the project as they are cascaded
down from the strategic objectives, or equalling and exceeding the expectations
of clients, users, and stakeholder groups, thereby emphasising elements of
stakeholder satisfaction and management.

Drevin and Dalcher (201 1a, b, ¢) reported on the different concerns and issues
expressed by different stakeholder groups. Using both narrative and
antenarrative approaches to make sense of the stories of different communities,
unveiled significantly differing interpretations of the purpose of a project, the
approaches for dealing with alternative communities and the understanding of
the perception of success and failure as they percolate and aggregate in different
stakeholder communities. Typical project success measures would identify
realised benefits from the project, achieved project requirements, satisfaction
levels, recorded complaints, usage figures for the delivered artefacts, and met
expectations.

Business success pertains to the funds raised from the initiative, or more generally
to the organisational value derived in terms of finance, environmental and social
concerns, and their balancing. The perspective often requires a longer timeframe
that considers value creation and delivery over investment cycles and the
contributions made towards the achievement of strategic objectives of the
organisation. Business success can refer to the payback period, but often extends
to consider the accumulated benefits accruing from an investment in a project or
initiative. Business success measures typically address the delivered value, the
rate of return, break-even calculations, payback calculations, sales achieved,
revenue measures, environmental and social targets, and increasingly may focus
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on reputation, influence marketing, and sustainability ratings. Note that some of
the calculations may be done from the project portfolio management, a multi-
project or an enterprise-wide perspective. Occasionally, project managers are
involved in devising some of these calculations during the initiation phase of
projects, however the business success readings are likely to materialise well
after the delivery phase of the project.

Future potential extends the time horizon of consideration into the longer-term
utilisation of the outcomes and results of projects and actions. It allows the
accumulation of longer-term benefits that result from adjustments and
re-balancing. The intention is to seek to increase the accrued value from projects
by exploring and exploiting opportunities beyond the formalised project base-
line. Given the longterm focus it cannot be assumed that project assumptions,
and originally intended outcomes remain relevant over time. The aim therefore
is to maximise organisational value in accordance with the strategic direction.
When projects are completed under conditions of uncertainty, they are often
subject to positive feedback cycles, systems dynamics, and complex interactions
that uncover new opportunities and strategic openings. Potential opportunities
can often lead organisations to explore new directions, expand into a particular
market, or occupy a certain leading position within a sector, and adjust their
strategic intentions to match their new ambitions. Measures will focus on the
identification and utilisation of emerging opportunities and adaptation to new
market conditions that result from the experience, learning, and re-positioning
related to the project and its outcomes.

Table 2.5 identifies some of the specific measures that can be utilised within each
of the success levels. The measures were derived through a series of workshops
with over 120 practicing project managers in four countries. The purpose of the
sessions was to validate the model proposed in this chapter and to identify specific
measures suited to each of the levels. Groups worked independently through the
levels and the results were compared and developed further during a second series
of facilitated sessions.

The accomplishment of any of the measures can be absolute or relative. The
factors can be combined into a compound measure for a particular level, or a
judgement statement regarding the achievement of each specific measure can be
independently derived and assessed. In any project, one or more of the measures
may be critical and multi-attribute aggregation methods can be used to combine,
and trade-off specific measures.

Measurement of success requires understanding of the relevant levels. The
identification of meaningful dimensions and the agreement regarding relevant
factors could lead to a richer mapping of the relative success merits of projects
alongside the multiple levels. More complex profiles can be devised by combining
additional measures and considerations within each of the dimensions. Projects can
thus be ranked and rated along four, or any other number of dimensions, providing
an alternative to the simplistic measures which are currently being over used in
failure studies. By shifting the focus to success and recognising the multi-factor
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Table 2.5 Measures for determining success by level

Success level Measures

Project management success — Project cost
— Project time
— Full scope
— Milestones
— Functionality
— Project performance data
— Number of defects
— Earned value management
— Use of resources (in terms of resource constraints)
— Agreed scope changes
— Change requests
Project success — Benefits
— Satisfied objectives
— Satisfied project requirements
— Satisfied stakeholder needs
— Stakeholder satisfaction
— Client satisfaction
— Complaints
— Product/result usable
— Product/result in use (usage figures)
— Product/result useful
— Fulfilled expectations
Business success — Delivered value
— Return on investment (ROI)
— Break-even time (BET)
— Break-even after release (BEAR)
— Net present value (NPV)
— Internal rate of return (IRR)
— Economic value added (EVA)
— Payback calculations
— Shareholder value
— Environmental targets
— Social or societal targets
— Sustainability considerations
— Revenue measures
— Sales
— Improving operating margins
— Reputation
Future potential — New business opportunities
— New benefits
— Additional business
— New markets
— Derived products
— Competitive advantage
— New or expanded core competency
— New system capability
— New people-related capability
— Recognition in new market or segment
— New strategy
— Improved processes
— Image
— Enhanced reputation
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Fig. 2.5 Project success radar chart

nature of the levels, it thus becomes possible to chart a more meaningful picture of
success using the levels as dimensions (see Fig. 2.5).

The radar chart will be able to rate the success at each level independently and
provide more sophisticated snapshots of projects and initiatives capable of counter-
balancing the simplistic measures used to gauge success in project work hitherto.
Figure 2.5 provides a relative benchmarking between Project Orion and the Mil-
lennium Dome, described earlier, showing how each performed along the four
project success dimensions.

2.9 Conclusions

Project failures have been used to highlight the need to improve IT software project
practice. Many of the studies and surveys focus on project management success
(or failure), which can be described as a subset of internal efficiency measures and
imposed constraints ignoring the impact on the project and the business. In order to
improve project performance, project managers need to look beyond such measures
and focus on project success—an area concerned with the effectiveness and quality
of the project output. Project managers are also increasingly asked to consider the
value derived from the project, the sustainability implications as well as issues
related to environmental, social, and societal impacts.

Success is a complex and multi-layered concept that needs to be understood at
different levels and time frames. Indeed, the impact of success often extends
beyond a single project. This chapter offers a wider perspective, which takes in a
range of project success levels thus enabling practitioners to move beyond the
simplistic measures that continue to be offered. The success view determines
actions and colours new developments. Increased attention to enterprise objectives
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and utility, rather than simply endeavouring to optimise correctness according to
preimposed constraints, can open a new dialogue about the needs of a profession
seeking to fundamentally and essentially improve its track record and enable
project management practice to rise beyond the continuous obsession with failure.

Further work is needed to encourage the research and practice communities to
consider project management success at a number of levels. Practitioners will need
to make links between strategy, business, and project management delivery func-
tions, while researchers are likely to try and make sense of requirements and
expectations that emerge from a multi-level model that invites new types of surveys
to make sense of the success and failure in software projects. Ultimately, in order to
overcome failure we must learn to appreciate success and grow up enough to look
beyond the simplest manifestations of an imperfect practice.

Success is not final, failure is not fatal: it is the courage to continue that counts.
Winston Churchill
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Chapter 3
Cost Prediction and Software Project
Management

Martin Shepperd

Abstract This chapter reviews the background and extent of the software project
cost prediction problem. Given the importance of the topic, there has been a great
deal of research activity over the past 40 years, most of which has focused on
developing formal cost prediction systems. The problem is that presently there is
limited evidence to suggest formal methods outperform experts, therefore detailed
consideration is given to the available empirical evidence concerning expert per-
formance. This shows that software professionals tend to be biased (optimistic) and
over-confident, and there are a number of deep cognitive biases which help us
understand why this is so. Finally, the chapter describes how this might best be
tackled through a range of simple, practical and evidence-based methods.

3.1 Introduction

Cost estimation' has been viewed as a challenging and important part of software
project management for almost 60 years. Interestingly, Benington (1956) writes of
his experiences developing, what was back in the mid-1950s, a large air defense
system comprising half a million lines of code (LOC). In it he tabulates what he
termed ‘reasonable production costs’ and although the headings such as computer

! There is something of a proliferation of terminology. Whilst the majority of writers refer to cost
modelling or prediction, strictly speaking the usual focus is upon labour or effort which forms the
dominant part of costs and is usually the hardest to predict. Such costs may or may not be reflected
in the price charged to the client or user. This chapter will use the term in this particular sense.
Likewise, estimation and prediction are used interchangeably since we’re only concerned with
future events.
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and paper costs might no longer be seen as relevant, others such as specification,
coding and testing remain pertinent. The outcome was ‘the schedule slipped by a
year’, something that remains distressingly familiar!

So how bad is the problem? Apart from the anecdotal, evidence is surprisingly
elusive probably due to the commercially sensitive nature of poor project cost
estimation. Jgrgensen and Molgkken-@stvold (2006) reviewed multiple sources
of evidence and concluded that a typical cost estimation error was ‘in the range
of about 30 %’. Another indicator that not all is well comes from the 2005 and 2007
surveys conducted by El Eman and Koru (2008) who from a total of 388 responses
found ‘the most critical performance problem in delivered software projects is
therefore estimating the schedule and managing to that estimate’. An independent
study by the European Services Strategy Unit of 105 large public ICT projects
(Whitfield 2007) found more than half to show cost overruns with the average cost
being 30.5 %, a figure very much in line with Jgrgensen and Molgkken-
@stvold (2006).

The question therefore arises, as to why are software project costs difficult to
estimate? There are many reasons. First and foremost is complexity. Many projects
are extremely large undertakings with multiple stakeholders in a setting
characterised by uncertainty, inconsistency and change. Second, software develop-
ment is best viewed as a design type activity and it is emphatically not concerned
with production. This means the sub-tasks and activities are not routine so simple
linear extrapolation is seldom a safe guide. Third, estimates are required at a very
early stage when little is known and requirements are still to be discovered,
arbitrated, let alone documented. Finally, there are many subtle, and not so subtle,
social and political pressures upon those responsible for cost modelling. In his
analysis of a wide range of projects, Flyvbjerg refers to this tendency to under-
estimate costs and over-estimate benefits in order to secure funding for a proposed
project as ‘strategic misrepresentation’ (Flyvbjerg 2008).

Clearly, these problems with predicting software project costs have significant
ramifications. First, we see a tendency for errors in one direction, i.e., bias or a
propensity for over-optimism. Second, poor cost prediction will severely hamper
meaningful cost-benefit analysis and the consequent unnecessary cancellation of
projects that should not have been commissioned in the first place. Conversely,
under-estimation might lead to missed opportunities or sub-optimal procurement
decisions.

3.2 A Review of State-of-the-Art Techniques

The first thing to consider is what is an estimate? Although it can easily be
forgotten, it must be stressed that an estimate is a probabilistic statement (DeMarco
1982; Kitchenham and Linkman 1997), and consequently, to simply report an
estimate as a point value masks important information. As an example, if a project
manager makes a prediction that the Integration Testing will take 150 person-hours,
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we do not know with what confidence he or she makes this statement; it could be
with near certainty or it could be a wild guess with almost no certainty. Thus there
are two components. Jgrgensen and Sjgberg (2003) recommend a simple approach
based on an interval and a confidence level. Based on the Integration Testing
example, the project manager (if highly confident) might state 140—160 person-
hours at 90 % confidence, or (if lacking confidence) 50-250 person-hours at 50 %
confidence. Note the trade-off between the interval size so it is possible to increase
confidence by enlarging the interval or to decrease the confidence value and reduce
the interval accordingly.

An alternative approach sometimes used in industry is derived from the critical
path analysis technique Program Evaluation and Review Technique (PERT) (Willis
1985) and is known as 3-point estimation. It is based on the idea that an estimate is
actually a probability distribution, and a simple characterisation is as a triangle
based on the best case, worst case and most likely case or mode.

Figure 3.1 shows an example of a 3-point estimate depicted as a triangular
probability distribution. The shaded area shows the region within which the true
or actual effort value will fall (assuming of course that the distribution is correctly
estimated). The estimation interval is the range between the worst case (i.e., the
highest possible value) for effort and the best case (i.e., the lowest possible value)
for effort. In addition, the distribution shows likelihood or the probability p on the
y-axis. This reveals that the highest or modal point on the distribution is the most
likely, i.e., it has the greatest chance of actually occurring. The distribution also
reveals another interesting property, that it is skewed or biased since the region
above or to the right of the most likely value is considerably greater than the region
below the mode. The implication is that even if the distribution were accurately
estimated, to use the most-likely value as the actual estimate will lead to a tendency
to under-estimate over time. This is a phenomenon that we observe (as noted in
Sect. 3.1).

Although thinking of an estimate as a distribution enables a far richer analysis,
empirically we are hindered by the fact that we are obliged to construct the
distribution from a single observation. The situation can be further complicated
by the fact that projects are seldom static and so one has to be clear whether the
estimates refer to a project as intended at its inception as compared with the actual
project as delivered which could conceivably have functionality added or removed.
These problems are further explored by Grimstad et al. (2006).

There is surprisingly little systematic analysis of what software practitioners
actually do. Studies such as those by Heemstra (1992) and Hughes (1996) have
reported that expert judgment is the dominant method amongst software practi-
tioners and there is little to suggest matters have changed radically since the 1990s.

One source for identifying what is perceived as good practice is the Software
engineering Body of Knowledge (SWEBOK; Abran and Bourque 2004), which was
the culmination of the work of a team of software development experts. Interest-
ingly, the section on effort, schedule and cost estimation is relatively brief; how-
ever, a number of principles emerge:
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most likely

best case

worst case

effort

Fig. 3.1 Three point estimates as probability distribution

1. Estimates can be derived fop-down or by means of some breakdown of tasks.
2. For each such task the expected effort [cost] range can be derived from a cost
model which needs calibration to the local environment using historical data if
available. Otherwise, an alternative is needed such as expert judgment.
. The individual estimates should be summed across the entire project.
4. Estimates need to be revised iteratively until agreement is reached amongst all
stakeholders, which the SWEBOK identifies as principally software engineers
and management.

(98]

In this list of steps I have italicised some key concepts, which will be explored in
more detail.

The idea behind a top-down or a decomposition approach to cost estimation is
that of divide and conquer. In other words, it is easier to estimate the cost of a small
task than a large one. Moreover, it is easier to match a smaller task to some
repertoire of previously completed tasks, than it is for a large task where the
combinatorial explosion militates against this possibility. Often, the idea is
formalised into work breakdown charts. The chief difficulty is the fact that some
activities do not easily fit into neat hierarchical breakdowns.

The next point of note is the SWEBOK recommendation to consider
representing an estimate as a range. As previously discussed, in order to view an
estimate as a probabilistic statement a point value is inadequate. However, to attach
additional meaning minimally, we need a confidence level in the range. Provision
of 3-point estimate provides an even richer picture.

SWEBOK also recommend the use of formal models, and although no examples
are specified, widely used models include COCOMO 81, which is based on a
non-linear relationship between estimated LOC and effort, implying diseconomies
of scale. The fundamental relationship is modified by the type of project and,



3 Cost Prediction and Software Project Management 55

initially, 14 cost drivers. This was subsequently modified and extended as
COCOMO 11, although, unfortunately unlike COCOMO 81, the database from
which this model is derived is not in the public domain.

Although COCOMO is widely used and there are many free implementations, it
has come in for criticism. Firstly, accurate estimates of LOC may not be available at
an early stage of a software project. Secondly, there is mixed empirical evidence as
to whether software projects exhibit diseconomies (as many commentators assert),
economies or simple linearity with respect to scale (Kitchenham 2002). Third, there
is limited evidence that COCOMO performs well using the off the shelf settings on
data other than that with which it was developed, for example, Kocaguneli
et al. (2012b) reported that the model was ranked 92 out of 102 different combina-
tions of models and pre-processors that were evaluated in a major empirical study.
Likewise Kemerer (1987) reported mean absolute relative errors in excess of 600 %
for a different data set of 15 software projects. Interestingly, he found that
COCOMO performed best (least badly?) in its simplest form, and additional sophis-
tication of the model harmed its accuracy. This has led many researchers, in line with
the SWEBOK, to recommend tailoring and calibration to a local environment.
Gulezian (1991) describes how multiple regression analysis can be used to calibrate
the weights for the various cost drivers. The systematic review by Jgrgensen (2004)
identified individual primary studies and the only ones that showed formal predic-
tion systems to outperform experts involved the use of calibration. More recently,
Yang et al. (2013) described a calibration procedure to handle local bias, thereby
improving the usability of cross-company data sets and demonstrated this with
respect to COCOMO 1II. The value of calibration was again highlighted by the
analysis of Menzies et al. (2013). Nevertheless, despite some of the reservations
COCOMO or a similar approach is often used as some form of sanity check.

Another important part of the SWEBOK recommendations is the need to revisit
any prediction. This has often been neglected by researchers who tend to see a
software project as a static snapshot, which of course does not reflect the realities of
(1) a growing understanding of the requirements and challenges as the software
project plays out, converging upon certainty on the day of delivery and (2) the
changing environment in which the project is embedded. MacDonell and Shepperd
(2003a) in a rare study of re-estimation in a commercial setting found no support for
the idea that there are ‘standard proportions’ of effort for particular development
stages, e.g., specification and design. However, in most cases simple linear regres-
sion combined the managers’ estimates led to improvements in predictive accuracy.
These results indicate that, in this organisation, prior-phase effort data is useful and
revising estimates worthwhile.

3.3 A Review of Cost Estimation Research

Because of the need for effective software cost estimation, this has been the subject
of a good deal of research. From the outset, the aim has been to replace the
subjectivity of project managers and other professionals, generally referred to as
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expert judgment with more objective and formal approaches. This was, or still is,
seen as a good thing because this provides opportunities for scrutiny, it is more
repeatable and can militate against the loss of knowledge and insight if experts
leave an organisation.

Early approaches tended to be based on some function between size either
measured as estimated LOC or Function Points (Albrecht and Gaffney 1983) and
a variant known as Mk II Function Points (Symons 1988). Generically, these take
the form:

E =f(8%

where E is effort or cost, S is size (typically measured by LOC or Function Points)
and a an exponent representing economies or diseconomies of scale. Typically, this
overall relationship is then modified by a set of productivity or cost factors.
COCOMO 81 (as described in Sect. 3.2) is a good example of this approach. An
interesting recent study by Kocaguneli et al. (2012a) has suggested that in many
cases, the use of a size measure may be less important than previously supposed. It
may be that other features act as a proxy for size, e.g., the different application types
may tend to be of different sizes. Nevertheless, it is an thought-provoking point that
size may be less essential than has been previously supposed.

Early models were postulated based on the beliefs of the inventor, however, the
1990s heralded a more data-driven approach to modelling. Often, multiple regres-
sion methods sometimes using a stepwise approach” were deployed in order to
isolate the important factors, specific to some software development environment
as captured by a data set of historical project data. Kitchenham and Kansala (1993)
used multiple regression to re-estimate weightings for the standard values for
Function Points with considerable benefit. They also reminded researchers of the
dangers of constructing models when many of the components are strongly corre-
lated, i.e., multicollinearity is present which if uncorrected leads to highly unstable
models.

Given the emphasis of learning from historical data, different machine learning
techniques became popular from the 1990s onwards. In all cases the underlying
principle is to reason inductively from the particular to the general. For cost
prediction the idea is to learn from past, completed software projects in order to
predict for new, unseen projects. One technique is lazy learning” based on analog-
ical or case-based reasoning (Shepperd and Schofield 1997; Keung et al. 2008)
which is often referred to as Estimation by Analogy (EBA). The simplicity of the
idea—that history repeats itself, but not exactly—has attracted a good deal of
attention not least because to be acceptable to practitioners, prediction systems

2 The regression model is constructed one independent variable at a time or iteratively until no new
variable significantly contributes to the model fit.

* A lazy learner only makes an inductive generalization when actually presented with the new
problem to solve. This can be advantageous when trying to learn in the face of noisy training cases
and much uncertainty.
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benefit from good explanatory value since decisions arising from the prediction will
be of high value (Mair et al. 2000). Despite these strengths, EBA was not found by a
Systematic Review (Mair and Shepperd 2005) of all available empirical studies to
outperform simpler regression models with 9 studies supporting, 4 equivocal and
7 against.

Because of the relative ease of fitting regression models these are now often used
as a benchmark with which to compare more elaborate methods, e.g., Mair
et al. (2000) compared various machine learning methods (artificial neural nets
(ANNSs), case-based reasoners (CBR) and rule induction) with stepwise regression.
Interestingly, the basic regression approach outperformed the rule induction algo-
rithms although not CBR or ANNS.

The last decade could be characterised by research that has explored more
advanced prediction systems. Examples include through the use of ensembles of
learners coupled with some decision making logic (Minku and Yao 2013) and new
approaches like Grey Relational Algebra (Song and Shepperd 2011). This has been
supported by more research into such things as data pre-processing as many
prediction methods are vulnerable to excessive noise, extreme outliers and missing
observations. Consequently, appropriate pre-processing can have a substantial
impact upon predictive performance, Strike et al. (2001), Song and Shepperd
(2007), Liu and Mintram (2005).

Another area of concern and of some progress is developing frameworks as to
how we meaningfully compare the proliferating number of cost estimation
approaches. Until the empirical studies of Myrtveit and Stensrud (1999) which
set out to independently compare regression modelling, EBA and the unaided
human expert, it was not customary to perform any statistical testing. Subsequently,
inferential test such as #-tests and Mann—Whitney U became the norm, however,
methodological problems such as correcting” the o threshold for null hypothesis
significance testing in the face of large numbers of tests and using inappropriate
measures of predictive accuracy remained. Mittas and Angelis have proposed a
method that is not too conservative but reduces the number of tests required by
means of clustering the results into groups (Mittas and Angelis 2013). More
generally, various authors have proposed remedies and strong arguments as to
why to proper procedures are required in order to derive sound conclusions. For
example, Shepperd and MacDonell (2012) show that inappropriate evaluation hid
the fact that various published prediction techniques such as regression to the mean
coupled with EBA actually performed worse than guessing!

After the event, when evaluating the quality of a prediction there are three
dimensions that need to be assessed (1) error (2) bias and (3) variance or scatter.

4Essentially, the point is that when conducting a significance test for a hypothesis, there are two
dangers: One can wrongly reject the null hypothesis or wrongly fail to reject the null hypothesis. It
is customary to set the chances of wrongly rejecting the null hypothesis (denoted by a) at 0.05.
However, if many tests are performed, the probability of at least once committing such an error
grows with the number of tests. For this reason, the o threshold needs to be reduced to take this
danger into account.



58 M. Shepperd

Even accuracy is often misunderstood in the software engineering community and
inappropriately assessed by accuracy statistics such as Mean Magnitude of Relative
Error MMRE). Elsewhere researchers show how this is flawed both theoretically as
it is merely an asymmetric measure of spread (Kitchenham et al. 2001) and
empirically through Monte Carlo simulation (Foss et al. 2003). Without a clear
conceptual understanding of accuracy it is difficult for the community to review or
improve their prediction practice since there is no systematic basis for evaluating
different approaches to cost estimation. Indeed, MMRE has the rather perverse
characteristic of favouring optimistic predictions over pessimistic ones. Given the
widespread use of MMRE this may be another contributor to the biases we observe
in industry practice described in Sect. 3.1. Therefore, unless there is good reason to
the contrary, it is recommended (Shepperd and MacDonell 2012) that researchers
seek to minimise the absolute sum of the residuals, consider performance relative to
guessing and be aware of the effect size. The effect size is a means of capturing the
practical or real world effect of the particular intervention, for example by moving
from cost estimation technique A to B what actual benefit does this yield? This is a
very different question from how likely is the effect to have arisen by chance since
large numbers of observations will render even small effects highly significant
(Armstrong 2007; Ellis 2010).

The final development, and one that warrants a section in its own right, is the
realisation that formal prediction or cost models have not succeeded in replacing
humans and therefore there is a need to research into how practitioners make
predictions. This section has of necessity been brief. For a more detailed overview
see the mapping studies in Jgrgensen (2004) and Jgrgensen and Shepperd (2007).

3.4 The Interaction Between People and Formal
Techniques

As the previous section has shown there has been no shortage of ideas or research
into constructing formal prediction systems for software project costs. Unfortu-
nately, as systematic reviews (Mair and Shepperd 2005; Jgrgensen and Shepperd
2007; and simulation work Shepperd and Kadoda 2001) demonstrate, no single
technique dominates. In particular, formal model performance seems closely linked
with the specific characteristics of the historical data that are used to train or
calibrate the prediction system (Shepperd and Kadoda 2001). This has led some
researchers such as Menzies et al. to suggest that we should focus on finding
prediction systems that are ‘good enough’ rather than the ‘best’ (Menzies
et al. 2010). Nevertheless, Jorgensen (2004) reported that formal models do not
consistently outperform their human counterparts and frequently do less well.
Specifically, in his systematic review of 15 primary studies he reports that
5 favoured formal models, 5 were equivocal and 5 favoured expert judgement
over the formal model. Looking in more detail, Jgrgensen suggests that those



3 Cost Prediction and Software Project Management 59

studies using local calibration or where the estimators lacked expertise yielded the
best results for formal models. Similarly, in a software maintenance setting, the
systematic review of Riaz et al. (2009) found that ‘there is little evidence on the
effectiveness of software maintainability prediction techniques and models’. More-
over, formal models do not appear to be very widely used in practice and expert
judgement remains the dominant estimation technique (Jgrgensen 2004). Conse-
quently, Jgrgensen and his co-workers have been exploring over the past decade
why this might be so.

The first thing to appreciate is the nature and use of cost estimates. Software
projects are generally high value and relatively infrequent events since typical
durations are many months through to years. Therefore the estimate matters and
in a way that predicting if a supermarket customer chooses a cabbage will they also
purchase carrots, does not. The career prospects of an individual may be impacted
by an estimate and the associated decision-making, e.g., to initiate/cancel a soft-
ware project. In extremis the financial health or viability of the software develop-
ment may be impacted. Such awareness may skew the estimation process of
individuals. More than 20 years ago Lederer and Mendelow (1999) in their study
of cost estimation within information systems projects observed how organisational
politics can be inimical to good estimation. Flyvbjerg et al. (2003), Flyvbjerg
(2008) in a study of a number of major projects—whilst not specifically related to
software—found considerable evidence to support the notion of strategic misrep-
resentation. This typically manifests itself as a tendency to under-estimate costs and
over-estimate benefits because of the desirability of the end goal. In terms of
software it may be that professionals might see the potential opportunities of a
new project, e.g., improved work prospects, personal development or intellectual
challenge. The interesting thing is that formal models may not offer any protection
against such phenomena since these models require inputs, many of which must be
estimated, for instance COCOMO (as previously indicated) requires the user to
estimate delivered LOC which will not normally be known at the point of predic-
tion. Likewise many machine learning techniques are heavily parameterised with
little deep theory to guide the user, thus rendering such methods rather experimental
in their approach. This can encourage a ‘suck it and see’ philosophy. Jergensen and
Gruschke (2005) termed this ‘expert judgment in disguise’.

The problem of obtaining useful predictions is compounded by the strong
tendency for professionals to display both over-optimism, e.g., Buehler
etal. (1994) and over-confidence, e.g., Jorgensen (2010). Because these phenomena
are so widespread the causes of bias have been extensively investigated by cogni-
tive psychologists in various domains over the past three decades since the seminal
work of Kahneman and Tversky (1979). This has led to the identification of a
number of cognitive biases that appear to be both deeply ingrained and widespread.
Four such biases are now considered.

One problem is the so-called ‘planning fallacy’ which is the tendency to under-
estimate project completion times as a consequence of spending time on detailed
planning aspects. Buehler et al. (1994) examined the underlying cognitive
processes and found that a narrow focus on future plans for the target task led to
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neglect of other useful sources of information. In other words, an illusion of
control leads to significant over-optimism. Therefore we might expect detailed
top-down planning methods such as work breakdown to be vulnerable to this
particular bias.

Another source of bias is a preference for case-specific (and recent) evidence
over distributional evidence (Tversky and Kahneman 1974; Griffin and Buehler
1999). For example, data suggesting that 8 out of 10 projects are delivered late (i.e.,
costs and schedule have been under-estimated) might be neglected in preference to
evidence suggesting this specific project will be different because staff will be
motivated to work harder or because there will be reuse of some software compo-
nents. This helps us understand why professionals struggle to learn lessons from the
past because deep down we believe it will be different next time. The problem is the
distributional or frequency related evidence says otherwise and this is usually
correct!

A closely related phenomenon is the peak-end rule where the most recent
experience dominates even when it is highly atypical. This has been demonstrated
in many different arenas including the experiment described in Kahneman
et al. (1993) where participants were subjected to modest pain (a hand in icy
water) and preferred the worse (in terms of temperature and duration) experience
when for the final period the water temperature was raised. In terms of software
projects, professionals may recall the final experiences of getting software to work,
as opposed to the lengthy previous experiences of failures and debugging. Again
this bias can lead to distributional evidence being ignored or neglected and the
consequent impact upon estimates.

A third, relevant cognitive theory is the dual-process theory of cognition which
leads to a tendency to trust analytic justifications (explanations) over intuitive ones
yet to prefer intuitive judgments over analytic ones. One implication is that this is
another reason why formal prediction systems can turn into ‘expert judgment in
disguise’ (Jgrgensen and Gruschke 2005) as the estimator is seeking ‘objective’
evidence to support his or her intuitive judgement.

A fourth bias is known as anchoring where data in the request for an estimate can
be highly influential even when the estimator is told to ignore it. An example is the
experiment by Jgrgensen and Grimstad (2012) where professional participants were
randomly allocated to two groups, one of which was primed with a high anchor and
another with a very low anchor. They were then asked to estimate the same task,
namely their own productivity in LOC per work-hour over their last project.
Remarkably, the difference in median response between the two groups was almost
sevenfold (15 LOC per hour versus 100 LOC per hour). This stable finding—
repeated by a number of independent studies—indicates just how vulnerable
humans are to these biases and is clearly a major contributor to the some of the
cost estimation problems reported at the beginning of this chapter.

These biases are common to many problem domains, and seem independent of
individual differences, e.g., the traits of optimism and procrastination (Buehler and
Griffin 2003). The limited work investigating de-biasing strategies, e.g., utilising
previous experience, such as past project databases, Personal Software Process
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(Humphrey 2000) and lessons learned sessions, have not been all that successful,
particularly in the field of software engineering prediction. Interestingly, Jgrgensen
and Grushka found that software professionals were better able to learn lessons for
the estimates of others than for their own estimates (Jgrgensen and Gruschke 2009).

There are both theoretical and empirical reasons why software practitioners
make consistently sub-optimal predictions within software engineering. However,
the vast bulk of the psychological research has been conducted using student
participants working on problems that are not industry-related (Mair et al. 2009)
and therefore Jgrgensen’s work using software developers has been quite unusual.
In addition, the literature has predominantly focused upon understanding factors
that contribute to bias. We need to also explore factors that promote de-biasing in
realistic settings. In parallel, much research has been undertaken into meta-
cognition (i.e., thinking about thinking), particularly in the domain of learning.
There is a considerable body of evidence showing that increased metacognitive
awareness leads to increased learning and enhanced performance, e.g., Coutinho
found a relationship between metacognitive awareness and educational perfor-
mance (Coutinho 2007). Other researchers have shown that metacognitive skills
can be taught (Borkowski et al. 1987; Dawson 2008) and these can potentially
militate against some of the cognitive biases described above.

Metacognition can be divided into metacognitive knowledge and metacognitive
skills. The former relates to declarative knowledge of the interactions among self,
task, and strategy characteristics (Flavell 1979) that can be inaccurate and resistant
to change. Clearly, this will be an inhibitor to improving prediction performance.
Metacognitive skills on the other hand refer to procedural knowledge for self-
regulating problem solving and learning activities and include feedback (reflection)
on metacognitive knowledge. This division between metacognitive knowledge and
skills is related to that of single and double loop learning popularised by Argyris
and Schon (1996).

‘Single-loop learning’ occurs when goals, values, plans and rules are taken for
granted and put into operation rather than questioned. It reduces risk and affords
greater control, but severely limits growth and learning. By contrast, ‘double-loop
learning’ involves questioning the fundamental systems that underlie goals and
strategies. It results in the questioning of governing variables and may lead to
fundamental changes. This double-loop learning is necessary if practitioners and
organisations are to make informed decisions in changing and uncertain contexts.

Reflection is a metacognitive skill important for personal and professional
development, see for example, Schén (1983), Moon (1999), and it plays a key
role in both single and double loop learning. However critical reflection, as dem-
onstrated in double loop learning, is essential for growth and change. Critical
reflection demands focusing on the cognitive aspects and challenging the strategies
that led to particular actions, and the outcomes and lessons learned from those
actions for future application.

Unfortunately, previous studies of software project cost prediction suggest that
feedback on performance and the typical methods for reflecting on experience, e.g.,
unaided lessons learned sessions, do not necessarily lead to improvement in
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accuracy or assessment of the uncertainty (Jgrgensen and Gruschke 2009). The lack
of training in both reflecting on one’s own thinking and the fundamental causes of
suboptimal outcomes (double-loop learning) can be a major obstacle. As an illus-
tration, in a previous study where software professionals described reasons for their
estimation errors (Jgrgensen and Gruschke 2009; Molgkken and Jgrgensen 2004),
most were shallow and corresponded to single-loop learning. In particular the
participants (all software professionals) exclusively focused on reasons for their
estimation inaccuracy and at the expense of their confidence. Indeed, participants
only identified means to improve their accuracy (e.g., add more time for unknown
events). The alternative, which would have been to change their level of confidence
in the effort estimates, was not considered in terms of documented reflections. This
lack of double-loop learning would seem to be a key contributor to the robust
findings on over-optimism and over-confidence among software developers (Note,
in contrast Chap. 7 takes a more organisational perspective to learning. It also uses
the device of a decision rationale to support future learning.)

Hence it is important to consider estimation approaches that are underpinned by
theories of meta-cognition and double-loop learning. Specifically, we need to better
understand the impact of enhanced metacognitive awareness on the ability to
improve project cost prediction and confidence (uncertainty assessment) within a
software engineering context. To summarise,

1. Formal prediction systems are not consistently reliable or superior to the unaided
human expert. Moreover, their inputs and parameters must be manipulated by
humans with a consequent loss of their raison d’étre, i.e., objectivity.

2. There is a strong tendency for professionals to display over-optimism and over-
confidence. A number of experiments and empirical studies help us to under-
stand the cognitive basis for this bias.

3. De-biasing strategies based upon utilising previous experiences, such as lessons
learned sessions, have not led to noticeable improvement in prediction accuracy
or the realism of uncertainty assessment.

4. There are opportunities to apply recent results from metacognition research to
counteract this natural bias and consequently improve performance.

It is therefore evident that more attention needs to be paid both by researchers
and practitioners into the cognitive aspects of cost estimation. To ignore this aspect
is to severely limit the reach and impact of any initiatives to improve cost estima-
tion practice. As has already been noted, formal models such as those based on
machine learning algorithms have their place, but they still depend upon inputs and
parameters supplied by, and outputs utilised by, software professionals who are
subject to the same cares, concerns and biases of all human beings.
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3.5 Practical Recommendations

Thus far, this chapter has noted the importance of effective cost estimation for
software projects and contrasted this with the widespread challenges that are faced.
In particular, endemic over-optimism has led to costs being systematically under-
estimated and over-confidence, causing estimators to believe they are more accu-
rate than they really are. We have then reviewed the problems that are currently
being experienced in terms of cost estimation, most notably the tendency to be
over-optimistic (i.e., under-estimate costs) and to be over-confident (i.e., be less
accurate than anticipated). This has triggered a good deal of research to try to
overcome these problems, in particular through proposing formal prediction sys-
tems or models. After initial work based on the idea of generally applicable models
such as COCOMO (Boehm 1984) and COCOMO II (Boehm et al. 2000), the
dominant idea driving formal models has been to derive them from historical data
either through statistical analysis such as regression modelling or through induction
using one of the many machine learning techniques available. Despite this activity,
it is not possible to strongly recommend any one formal technique, for the simple
reason of a lack of consistent evidence. Thus, any recommendations must be
grounded in the understanding that human judgement plays a substantial
contribution.

Whilst not intended to be exhaustive, the following is a list of six practical
recommendations that are supported by empirical evidence and could usefully be
deployed in real-life projects:

. Data driven

. Sensitivity analysis

. Multiple techniques

. Group estimates

. Training and reflection

. Estimation and confidence

AN AW =

Data-driven estimation requires the availability of historical data on previously
completed projects. Such data can be useful in three different ways. First, for
analogical reasoning that can be formalised as case-based reasoning (Shepperd
and Schofield 1997) or used more informally. Second, local historical data can be
used for calibration purposes since there is widespread evidence to indicate that
off-the-shelf approaches are problematic and that general purpose models benefit
from calibration to the specific or local problem domain (Cuelenaere et al. 1987
Jeffery and Low 1990; Gulezian 1991; Yang et al. 2013). Third, for direct predic-
tive model building, relevant, local data is necessary for training, i.e., inductive
learning purposes. Naturally, the question arises about the situation when no local
data is available. This might be because the software development organisation is
new or because no relevant past data exists. Is the assumption that global data is
inferior to local data well founded? This has vexed researchers for some time and
two systematic reviews (Kitchenham et al. 2007; MacDonell and Shepperd 2007)
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have concluded that the evidence is mixed, and from primary studies available no
definitive answer is possible. In some ways, the question of local vs. global data is
somewhat artificial and more relevant is how relevant is the global or cross-
company data? However, a recommendation is to inform any cost estimation with
local data, including past estimation performance data wherever possible. If cir-
cumstances do not allow this, then global data, after careful consideration of its
relevance, is the next best option.

Sensitivity analysis is not common practice, yet in the face of uncertainty, it is a
very useful means of determining the vulnerability of an estimate to particular
assumptions and the level of confidence that can be placed in that estimate. Such
analysis can be highly sophisticated (Saltelli et al. 2000) or use simple Monte Carlo
methods (Fishman 1996). Wagner (2007) illustrates how these ideas can be
deployed using a COCOMO model and finds that the code size estimate dominates
the effort prediction, but less obviously that there are significant second order
effects between the different cost drivers due to the multiplicative nature of the
model. This kind of analysis can also be valuable when the uncertainty surrounding
an estimate is unacceptable, thereby helping the estimator identify the most impor-
tant sources of variability and could then take steps to reduce this uncertainty
through further investigation, simulation, etc. of the key parameters or inputs.

Using more than one estimation method or multiple techniques is another
important consideration. Although an obvious recommendation for practitioners,
this has not been widely researched and the evidence base is quite limited.
Kitchenham et al. (2002) conducted an empirical study of 145 projects at a large
software house where estimators were required to use a minimum of two techniques
and then select one estimate to be the basis of client-agreed budget. The advantage,
over simply using the mean is that if one estimate is misleading it will not
‘contaminate’. MacDonell and Shepperd (2003b) explored a similar question and
also found that not only was no one technique best but using the mean was also
sub-optimal. By selecting one technique, or perhaps investigating more deeply,
requires more consideration and discussion than the formulaic application of an
averaging technique.

Group estimates should also be considered as a practical estimation technique.
Again, surprisingly considering they have been promoted since Boehm’s seminal
Software Engineering Economics (Boehm 1981) described a wideband Delphi
process, but there has been limited research and therefore evidence. Taff
et al. (1991) proposed a related approach that they termed Estimeetings, however,
little empirical support is offered in terms of their effectiveness. Passing and
Shepperd (2003) investigated the impact of group discussion and iterated estimates
and found that both checklists and group discussions significantly contribute to
improved estimation. The limitation of this study was that it involved Masters
students rather than professionals and was in an artificial setting. Reporting similar
results, Molgkken and Jgrgensen (2004) found a significant and substantial effect in
terms of the tendency for group estimates to be less optimistic both for group
decisions and the individual post-group discussion decisions to be less optimistic
than the original estimates.
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The lack of systematic training and reflection is another improvement opportu-
nity. As Jorgensen puts it ‘the focus on learning estimation skills from software
development experience seems to be very low’ (Jgrgensen 2004). The challenges
are that the various cognitive biases described in Sect. 3.4 are deeply ingrained and
de-biasing strategies not necessarily effective. Consequently, emphasis should be
given to reflection but structured in order to guide estimators beyond the shallow
reflections that some researchers have found, such as ‘the estimate was too low
because insufficient time was allocated’! Researchers have also found that
emphasising metacognitive skills can also significantly improve performance.

Finally, practitioners need to keep in mind that because an estimate is a proba-
bilistic statement, it has two dimensions (the estimate and confidence) and there-
fore, it is not well represented by a single point value even if this is required as the
final outcome of the decision making process, e.g., the bid value. To give an
example, estimating 1,000 person-hours=+ 10 person-hours is a very different
proposition to 1,000 person-hours + 500 person-hours. Even this may not be ade-
quate since it is unclear whether it means that an actual effort of 1,510 person-hours
is deemed impossible or merely very unlikely. Moreover such a formulation
imposes a symmetric distribution which may not properly reflect the estimator’s
beliefs. Jgrgensen recommends a confidence value in a range, e.g., 80 % confidence
between 500 and 1,500 person-hours. This allows some simple trade-offs between
precision and confidence to be exploited. A richer picture still is obtained by
describing the estimate as a probability distribution, e.g., as a 3-point estimate
and a triangular distribution. Either way, failing to regard estimates as probabilities
indicates a failure to appreciate their true nature and therefore the opportunity to
learn and improve.

The above list contains some simple, practical, general and evidence-based
recommendations for software cost estimation. It is not a panacea, and there are
many other challenges that have not been fully addressed. Nevertheless, given the
importance of software, software projects and effective cost management, they may
offer some useful steps forward.

3.6 Follow-Up Sources of Information

There are several comprehensive systematic reviews on research into cost estima-
tion. Jgrgensen and Shepperd (2007) gives general coverage of the different
research activities being undertaken and Simula have continued to update the
database of sources subsequent to its publication.” A second, more specialised on
the role of human experts, and slightly older systematic review is by Jgrgensen
(2004). The review by Riaz et al. (2009) focuses on cost estimation in a software
maintenance context.

3 The bibliographic database can be found at www.simula.no/BESTweb
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Cost estimation generally takes place in the wider setting of a software project.
There are many good textbooks, such as Hughes and Cotterell (2009) on project
management and Sommerville (2010) on software engineering and the set of
guidelines published as the SWEBOK (Abran and Bourque 2004).

In terms of making sense of published empirical research comparing different
formal models, and for designing new experiments, Shepperd and MacDonell
(2012) set out a framework based on three research questions that need to be
addressed.

Glossary

Absolute residuals a simple and robust means of assessing the predictive accuracy
of a prediction system. It is defined simply as: |y; — y ;| where y; is the true value
for the ith project and y ; the estimated value. This gives the error, irrespective of
direction, i.e., an under- or over-estimate. The mean residual (keeping the
direction of error) gives a measure of the degree of bias.

Cognitive bias these are patterns of thinking about problem solving or decision-
making that distort and lead people to ‘sub-optimal’ choices. Because of the
ubiquity of many such biases, they are classified and named, e.g., the anchoring
bias. See the pioneering work of Tversky and Kahneman (1974).

Double loop learning this differs from ordinary or single-loop learning in that one
not only observes the effects of the process, but also understands the external
factors that influence the effects. This was initially promoted by Argyris and
Schon as a way of promoting effective organisational behaviour (Argyris and
Schon 1996).

Estimation by Analogy (EBA) uses some form of case-based reasoning where a
new or target case which is to be solved is plotted in feature space (one
dimension per feature) and some distance metric used to determine past proxi-
mal cases from which a solution can be derived. For a general account of CBR
see the pioneering work by Kolodner (1993) and for its application to software
engineering see Shepperd (2003).

Expert Judgement this is something of a catch all description for a range of
informal approaches to estimation. Jgrgensen describes it as ‘unaided intuition
(“gut feeling”) to expert judgment supported by historical data, process guide-
lines and checklists (“structured estimation”)’ (Jorgensen 2004). Despite it being
a widespread estimation approach, it can still be criticised for its reasoning not
being open to scrutiny since the reasoning process is ‘non-recoverable’
(Jgrgensen 2004), not repeatable or easily transferable from existing experts to
others.

Formal prediction system or formal model for cost prediction is characterised by
repeatability so that different individuals applying the same inputs should
generate the same outputs (with the exception of prediction systems based on
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stochastic search [also see Chap. 15 on search-based project management] where
this will tend to be true over time (Clark et al. 2007), but not necessarily for a
single utilisation). Examples of formal systems range from simple algorithmic
models, such as COCOMO, to complex ensembles of learners.

Machine Learning this is a branch of applied artificial intelligence based on
inducing prediction systems from historical data, i.e., reasoning from the partic-
ular to the general. There are a wide range of approaches including neural
networks, case-based reasoning, rule induction, Bayesian methods, support
vector machines and population search methods such as genetic programming.
Standard textbooks that provide overviews of these techniques include Witten
et al. (2011).

Mean magnitude of relative error (MMRE) this is a widely used, although now
heavily criticized (Kitchenham et al. 2001; Foss et al. 2003; Shepperd and
MacDonell 2012), measure of predictive accuracy defined as:

w5 ( )]

where x is the true cost for the ith project, £is the estimated cost and #n the total
number of projects.

Metacognition this refers to ‘thinking about thinking’ (Flavell 1979) and is an
awareness and monitoring of one’s thoughts and performance. It encompasses
the ability to consciously control the cognitive processes involved in learning
such as planning, strategy selection, monitoring and evaluating progress towards
a particular goal and adapting strategies as, and when, necessary to reach that
goal (Ridley et al. 1992).

Over-confidence refers to the tendency of an estimator to value precision over
accuracy. Typically, one might express confidence in an estimate as the likeli-
hood that the true value falls within a specified interval. For example, stating that
one is 80 % confident that the actual effort will fall within the range 1,000-1,200
person-hours implies that this will occur 8 out of 10 times. If the true value falls
into the range less frequently this implies over-confidence. Jgrgensen
et al. (2004) reported that over-confidence was a widespread phenomenon and
that at least one contributor was the fact that managers often interpret wide
intervals as conveying a lack of knowledge and prefer narrow but less accurate
estimates.

Over-optimism refers to the situation where the estimation error is biased towards
an under-estimate. Many studies indicate that this is the norm in the software
industry with a figure of 30 % being seen as typical (Jorgensen 2004).

Prediction whilst ‘prediction’ and ‘estimation’ are often used interchangeably, we
use ‘prediction’ to mean a forecast or projection, and ‘estimate’ to connote a
guess or rough and ready calculation.

Single-loop learning Argyris and Schon (1996) characterise this as focusing on
restrictive feedback so that the individual or organisation only endeavours to
improve a single metric without external reflection upon the process, i.e., double
loop learning.
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Chapter 4
Human Resource Allocation and Scheduling
for Software Project Management

Constantinos Stylianou and Andreas S. Andreou

Abstract Software project management consists of a number of planning, orga-
nizing, staffing, directing and controlling activities. Human resources feature
prominently in all of these activities and, as a consequence, they can affect and
determine project management decisions. Therefore, in order to help guarantee the
success of a software project, managers must take into consideration this type of
resource when performing the aforementioned activities. This chapter specifically
investigates human resources from a planning perspective and, in particular,
focuses on the responsibilities of allocating developers and teams to project tasks,
scheduling developers and teams, as well as forming development teams. These
responsibilities are often challenging to undertake because they are accompanied by
time, budget and quality constraints, which software project managers find difficult
to balance correctly. The purpose of the chapter is to explore the most recent
research work in the field of human resource allocation and scheduling, and to
specifically examine the motivation behind each approach and the goals and
benefits to real-world practitioners. In addition, the chapter investigates develop-
ment team formation, which can be considered as an indirect method of allocating
human resources to a software project. This perspective, in particular, sheds light on
current and future trends, which lean towards incorporating human-centric aspects
of software development in planning activities.
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4.1 Introduction

Human resource allocation involves assigning a developer to carry out a task and
attempts to answer “Who will work on what?”, whereas human resource scheduling
involves specifying the time frame in which a developer will work on a task and
tries to answer “Who will work when?”. They are both part of a software project
manager’s planning activities, but depending on the practices followed by each
software development company and the information regarding the actual software
project, the way they are carried out can vary. In some cases, a software project
manager is required to allocate and schedule one or more developers to each task,
whereas in other cases, tasks are distributed to already predefined teams of devel-
opers. Finally, there are times when a project manager needs to only put together a
group of developers without assigning them to specific tasks or scheduling them, in
effect carrying out team formation. Generally, they are both carried out at the initial
phases of a software project. However, in most cases, information at the beginning
of a software project is often imprecise or unavailable. As a result, they are
considered two of the most challenging responsibilities of software project man-
agers, and they are part of the first activities that can significantly affect the
progression and overall success of a software development project. Adding further
complexity for project managers is the fact that allocating developers to tasks and
scheduling tasks and developers are not independent activities and that treating
them so may be considered unsuitable (Chang et al. 2008). Allocation and sched-
uling both affect the availability of developers, so in order to avoid conflict, both
activities need to be worked on simultaneously.

To help them, software project managers make use of their own past experiences
and previously acquired knowledge together with the wide range of available
commercial tools and techniques, such as Microsoft Project, Project KickStart,
Basecamp, MatchWare MindView and RationalPlan MultiProject. A study of the
impact of project management information systems by Raymond and Bergeron
(2008) found that such systems improve efficiency and effectiveness with respect to
project planning and control activities, as well as general project performance and
overall success. However, not many of these available applications are tailor-made
for the software development industry. A survey conducted by McBride (2008)
highlights this, especially for monitoring, controlling and coordination activities, in
which project managers use a number of different mechanisms for a given activity
but also use the same mechanism for a number of activities.

As aresult of a lack of specific tools, software project managers still seek the aid
of more practical and intelligent models and techniques to overcome the challenges
posed within these activities. Many research studies have contributed to the attempt
to solve the problem of human resource allocation and scheduling specifically for
the software industry, in particular, by utilizing specialized operational research
techniques found in the fields of mathematical modelling and computational intel-
ligence. The first part of the literature review in this chapter (Sect. 4.2), therefore, is
dedicated to providing an overview of some of the most recent approaches proposed
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that specifically focus on the use of these techniques in order to handle the most
common human resource allocation and scheduling issues and to provide an
automated way of supporting software project managers with practical benefits to
the software industry.

Given that even to this day a large percentage of software projects are severely
challenged or considered to have failed, combined with the fact that human
resources are considered the only type of resource in a software project, one of
the directions that the software engineering research community is trying to estab-
lish for the software development industry to follow involves including human-
centric aspects. Specifically, this direction attempts to promote non-technical
aspects of software development as equally important as technical aspects in
approaches for human resource allocation, scheduling and team formation.

A leading trend focuses on taking into account the personality types of devel-
opers when assigning them to tasks and also when grouping them into development
teams. More and more studies are now being performed aiming to observe the
effects of personality types on performance, productivity, software quality and job
satisfaction. Also, there have been attempts to determine the personality types
required of different software development professionals, such as system analysts,
programmers, testers, etc. Therefore, the second part of the literature review in this
chapter (Sect. 4.3) presents various human resource allocation and scheduling
approaches, as well as team formation strategies for software development teams,
that incorporate personality types and results of their application in the software
industry.

The aim of this chapter is to present a better understanding of research efforts for
human resource allocation, scheduling and team formation in the software industry
and to highlight the trends emerging. By conducting this survey, the aim is to
identify any gaps in current research of software project human resource allocation
in order to suggest possible areas for further investigation. To facilitate this, an
initial search of digital libraries was carried out to extract primary studies and
survey papers concerning software human resource allocation scheduling and team
formation. The electronic databases used included IEEE Xplore, ScienceDirect,
ACM Digital Library, SpringerLink, Google Scholar and Wiley Interscience. Other
sources were later incorporated by using the reference lists of retrieved studies, as
well as conference proceedings and technical reports. Irrelevant or duplicate arti-
cles and papers that the initial search generated were then eliminated. Due to the
different terminology often used to describe human resource allocation and sched-
uling, a number of keyword search strings were used to obtain related articles.
Specifically, conjunctions of different phrases were built by selecting from a list of
various related keywords, including terms such as (1) “resource,” ‘“human
resource,” “developer,” “software developer,” “team,” “software team”; (2) “sched-
uling,” “planning,” “allocation,” “formation,” “assignment”; and (3) “software,”
“software project,” “software development,” “software management.”

99 9 G

EEINT3



76 C. Stylianou and A.S. Andreou

4.2 Human Resource Allocation and Scheduling
Approaches

The various models and techniques adopted in the proposed attempts belong to the
fields of mathematical modelling and computational intelligence as these generally
contain the most commonly used methods to solve problems in the field of
operational research. Operational research consists of different complex decision-
making problems in various fields, such as natural sciences and engineering as well
as social sciences, which are solved by locating optimal or near-optimal solutions.
Human resource allocation and scheduling can be considered an operational
research problem and, thus, most research efforts are focused on providing solu-
tions using mathematical modelling and computational intelligence methods. A
short description of each approach is provided so that the reader can identify the
possible benefits and shortcomings of using it for allocation and/or scheduling in
the real world.

Mathematical models make use of mathematical notations and concepts, such as
variables, operators, equations and functions, to represent a problem and then
attempt to solve the model as an optimization problem or to use the model as a
prediction scheme. The types of models include linear programming, which is
optimizing a linear objective function, statistical modelling and queuing theory.
On the other hand, computational intelligence techniques comprise a range of
nature-inspired methodologies and algorithms aiming to solve real-world problems
that are both complicated and complex. Their goal is to imitate the individual and
collective behaviours and qualities of living beings concerning reasoning, logic and
inference, learning and processing knowledge, as well as reproduction and evolu-
tion to achieve specific goals. The most well-known techniques include evolution-
ary algorithms and swarm intelligence.

In general, the available methods and techniques in both categories have been
adopted as means to help solve several important problems in the field of software
engineering. For example, techniques that are capable of carrying out prediction
have been used in models for estimating software costs and effort (Heiat 2002),
classification schemes have been utilized for evaluating software quality
(Khoshgoftaar and Seliya 2004), clustering algorithms have been part of attempts
to group and retrieve software components in repositories (Stylianou and Andreou
2007), and methods for optimization have been applied to automatically generate
test-cases (Michael et al. 1997).
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4.2.1 Mathematical Modelling Approach

4.2.1.1 Linear Programming

The first type of mathematical modelling concerns linear programming, which
requires a linear objective function to be minimized or maximized in order to find
optimal solutions to problems described by linear relationships subject to certain
problem-specific restrictions. Kantorovich (1940), a Soviet mathematician during
World War II, first introduced this approach as a means to solve several planning
problems for the military, including how to optimally assign, schedule and transport
resources based on their availability and cost so that army expenses are reduced
while enemy losses are increased. Consequently, linear programming has been
considered by researchers as a suitable technique for helping software project
managers in their planning activities also.

Li et al. (2007) used integer linear programming to help software development
organizations cope with the pressures of limited resources and decreased time-
to-market intervals by proposing two models concerning requirement scheduling
and software release planning. Their first model takes into account the precedence
dependencies of requirements and the skills of available teams of developers to
generate a project schedule for the development of requirements of a new release
within the shortest possible make-span, whereas their second model integrates
requirements selection and software release planning of a project with a fixed
deadline to maximize revenues in addition to providing an on-time delivery sched-
ule. One of the assumptions of this attempt is that requirements are assigned to
teams of developers to implement and not to individual developers. Additionally,
for testing their proposed approach, the authors used both example and real-world
data sets. The authors do point out, however, that a mathematical model cannot
stand alone as a project management decision support system since other real-world
factors influence the decision-making process, such as psychological, personality
and political factors.

Another methodology using linear programming is presented by Otero
et al. (2009) and was developed to tackle the issue of project manager subjectivity
in human resource allocation. The authors highlight that ineffectual resource
allocation can lead to many problems for development organizations, such as
“schedule overruns, decreased customer satisfaction, decreased employee morale,
reduced product quality, and negative market reputation” (Ejnioui et al. 2012).
They, therefore, propose the best-fitted resource methodology that works to mea-
sure the suitability between the skills required by tasks and the skills possessed by
the available resources. Project managers can then use the results from the meth-
odology to decide on the most suitable (optimal) allocation of resources based on
their capabilities. To test their approach, the authors provided a small sample
resource allocation scenario to 30 subjects consisting of software engineers and
project managers from the industry and also computer science students and pro-
fessors from universities, and asked them to perform a ranking of the available
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resources based on the developers capabilities in the required skills. The results of
this survey were then compared to the results obtained from their methodology,
showing that such an approach had potential in allocating developers to tasks.

Otero et al. (2010) presented another similar multicriteria decision-making
methodology for software task assignment. Here, they state that there is evidence
that ineffective human resource project planning is the main reason that software
development projects fail (Tsai et al. 2003). The methodology uses a desirability
function as a means of assigning tasks to developers in cases where there are no
optimally suitable developers in the existing workforce. It takes into account the
capabilities of resources in skills, the required levels of expertise as well as the level
of significance of skills required by tasks and task complexities. A significant aspect
of this approach is that it can be extended to take into account project-specific
factors that a software project manager decides are important according to the needs
of the project. An artificial case study was used to demonstrate the methodology,
consisting of a scenario where a task needed to be assigned to one of ten candidate
developers based on their skill assessment and associated cost with respect to the
required skills of the task. On a practical level, the authors state that the approach
can be adopted by software project managers using a simple spreadsheet imple-
mentation. However, no formal description of a tool is provided. Although it seems
sensible to exploit the strengths of developers based on what each task requires, this
is only realistically possible if the developer is available to carry out a task. The
approach, however, does not address the issue of availability when computing the
desirability function and does not deal with human resource scheduling, which
often influences or comes hand-in-hand with allocation.

4.2.1.2 Probabilistic Modelling

Probabilistic modelling is a mathematical modelling approach that uses data (usu-
ally historical data) to forecast the conditions of different future states of a problem
by calculating the probability of certain outcomes. A characteristic of this approach
is that one or more of the variables in the model can be random.

Padberg (2001) presented a probabilistic project scheduling model, which
focused on using scheduling strategies to help software development organizations
to manage their human resources more effectively, arguing that software devel-
opers are the most valuable resources and that software project managers need a
useful scheduling support tool as opposed to a common cost estimation tool that
simply predicts the overall development effort needed to carry out a project.
Specifically, in the approach scheduling strategies represent, in quantitative
terms, the effect of decisions regarding development costs and duration on the
current state of a project. Once a strategy is fixed it is inserted into the model to
compute a probability distribution estimating the completion time and cost by using
several technical and non-technical factors, such as scheduling constraints, adopted
software processes and the complexity of components to be developed, as well as
the skills and experience of the human resources. Stochastic optimization
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techniques are then applied to optimize the expected duration or the cost of the
project with regard to the allocated resources. It is important to model the intrinsic
uncertainty that is part of the software process regarding the duration of activities
and also the events that occur during a project. The author, therefore, claims that
using a probabilistic approach can help deal with the fact that events in a project can
occur with a particular likelihood. The approach considers a project to be broken
down into components to which only one team is assigned at any given time. An
advantage to the approach is that it allows a team to interrupt their work on a
component in order to rework a previously completed component. In addition, it
takes into account the availability of development teams as well as the precedence
relationships between components. However, overall this approach can only be
applicable in software companies that have predefined teams of developers, with
each team possessing the know-how to undertake the development of the compo-
nent. For small-to-medium sized companies that do not often have such luxury, this
could be impractical.

Padberg (2002, 2003) later implemented this previous probabilistic scheduling
model as a discrete simulation model for project managers to use as a tool to
provide feedback and comparisons among varying strategies and also implemented
a variation of the value iteration algorithm to generate optimal scheduling policies
in the model (Padberg 2004, 2006). The premise of these works remains the same as
in his previous approaches: that uncertainty inherent in the task durations can only
allow a software project manager to create a schedule wherein the duration and cost
are “likely” to be minimized, and so it is vital for software project managers to be
able to apply dynamic scheduling policies.

4.2.1.3 Queuing Theory

Queuing theory can be used as a mathematical model to simulate a system provid-
ing services to customers (human or otherwise) as they wait in line to be served. In
general, this method attempts to minimize the duration and size of delays subject to
constraints and, therefore, has practical applications in problems such as schedul-
ing, employee allocation, facility design and management, and traffic flow
management.

Antoniol et al. (2004a) used this technique in their approach concerning the
allocation of resources in a large software maintenance project. Specifically, the
authors made use of stochastic simulations of queuing networks as an instrument to
evaluate the probability that the project meets its deadline as the project is being
carried out.

Jalote and Jain (2004) implement a critical path/most immediate successor first
approach to resource allocation targeting software projects that are to be developed
by multiple teams across different geographically distributed time zones. With a
rise in the number of organizations adopting global software development, project
managers face new communication and coordination issues in addition to technical
and managerial problems. Therefore, they suggest a 24-hour software factory
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model that utilizes project task precedence graphs and available resources to satisfy
three types of constraints: operational, skill and resource, in order to generate a
near-to-optimal software project schedule with the shortest make-span. Further
reading on global software development is available in Chaps. 9 and 10, which
discuss in detail various aspects of managing IT projects developing software
across the globe and motivating virtual team members involved in global IT pro-
jects, respectively.

4.2.1.4 Constraint Satisfaction

Constraint satisfaction is a method that is adopted as a means of modelling and
finding solutions to combinatorial problems by imposing conditions on variables in
mathematical functions that are all required to be satisfied. They feature in many
artificial intelligence fields and other disciplines, including planning, scheduling
and logistics. Well-known examples of problems that can be solved using this
method include map colouring, job shop scheduling and even Sudoku puzzles.
With respect to the software industry, the constraints regarding development pro-
jects predominantly concern the budget, the schedule and the quality of the software
products. Therefore, this method is adopted in order to attempt to satisfy the
restrictions surrounding these issues.

Barreto et al. (2005) proposed the use of constraint satisfaction as an optimiza-
tion approach to software project staffing, stating that process productivity and
product quality are highly associated with the abilities of the available resources.
The abilities taken into consideration included skills, knowledge, experience,
capabilities and roles, and together with the characteristics of a project’s activities
and any development organization constraints, various utility functions can be
maximized or minimized depending on the project manager’s needs. The possible
optimizers implemented consisted of most or least qualified team, cheapest team,
smallest team, and best partial solution team. It is assumed that tasks are broken
down into small units of work to which only one developer can be assigned. Once
the software project manager decides what these tasks are, the tool performs
optimization in order to locate the developer assignments that best fit the chosen
utility function. The approach concentrates solely on the allocation of resources,
while the starting and finishing times of tasks are known beforehand.

As an extension to their previous approach, Barreto et al. (2008) incorporated a
mechanism to also handle developer productivity. The authors state that the time
taken to carry out a task is affected by the developer’s level of productivity. Hence,
the approach proposes various productivity modifiers computed based on the
experience, the profession or the activity itself. A software project manager selects
to apply one of these modifiers, and then a new duration for each task is estimated
accordingly (either increasing or decreasing it based on the developer assigned). A
new utility function was subsequently implemented to enable assignments yielding
the fastest team. The ability to factor in productivity is very important for software
companies as the accuracy of budgets and schedule estimates can be improved.
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4.2.2 Computational Intelligence Approaches

4.2.2.1 Evolutionary Algorithms

Evolutionary algorithms are a class of population-based algorithms that stem from
the theory of natural evolution. They are most widely used to solve search-based
problems that require some form of optimization since they are able to explore and
exploit a problem’s search space more efficiently and effectively to locate the best
or near-best solutions. Consequently, evolutionary algorithms have been commonly
applied directly or indirectly to the problem of human resource allocation and
scheduling in software development projects. In order to find the optimal or near-
optimal solutions, evolutionary approaches evaluate each individual in the popula-
tion, which represents a candidate solution, using an objective function that rates
the fitness of solutions and checks whether they satisfy various constraints. Stronger
candidates are passed into subsequent generations, whereas weaker ones are
discarded, leading to the detection of (near-)optimal solutions. Chapter 15 discusses
a number of approaches that adopt such algorithms, though several have been
selected to be presented in the remainder of this section.

One of the earliest instances of using evolutionary algorithms for software
project allocation and scheduling is found in the work of Chang et al. (1994),
who formalized a model for software project management, namely SPMNet, in the
mid-1990s. Their approach focuses on the fact that software development organi-
zations fail to assign the right developers to the right tasks due to the difficulties
faced by project managers in handling the high level of complexity involved in
finding optimal or near-optimal schedules. Their approach employs a single-
objective genetic algorithm as a “schedule optimizer” aiming to minimize the
total duration and cost of a software project through a process of assigning software
developers to tasks (Chang et al. 1994, 1998). One of the practical benefits of the
formal software management model proposed is that it allows software project
managers to track the progress of a project by working together with developers and
customers. It also addresses the issue of risk management by enabling the
pre-execution of SPMNet and, hence, predicting the future states of a project.
Over the years, this model has been significantly extended to support features to
deal with additional software project management issues, such as partial assign-
ment of developers to tasks, developer overload and multiple project scheduling
(Chang et al. 2001), in addition to developer reassignments, task suspensions and
resumptions, learning and task-specific deadlines (Chang et al. 2008).

Ge and Chang (2006) used the schedule optimizer mentioned above to imple-
ment a capability-based scheduling framework in which task durations are calcu-
lated through system dynamics simulation that focused on the capabilities of the
available personnel. The authors state that it is important to consider developers’
capabilities because they can influence a team’s average productivity, which is
determined by factors such as individual productivity, overworking and communi-
cation overhead. Being able to simulate the effect of an assignment based on the
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capabilities of the developer going to carry out a task could provide software project
managers vital information at any stage during the project. However, exact details
on how system dynamics simulation manages to generate task durations are not
provided, which severely limits the assessment of its applicability in real-world
settings.

An extension to the capability-based scheduling framework is suggested by
Jiang et al. (2007), who incorporate personnel risks based on historical data during
the assignment process. This addition is aimed at helping software project managers
identify, analyse and monitor possible risk factors arising from human activities
(for example, late-in-the-day coding) and allow them to regulate resource assign-
ment. Furthermore, the authors adapt the previous genetic algorithm to a multi-
objective schedule optimizer employing a weighted sum method to allow for
tradeoff solutions to be generated. Another approach using multi-objective optimi-
zation was implemented again by Ge (2009) to provide a framework for scheduling
and rescheduling software projects. The approach takes into account the skills and
capabilities of available developers and attempts to provide an optimal project
schedule based on efficiency (minimum cost and duration) and also stability factors
(minimum impact of disruptions caused by rescheduling developers).

Alba and Chicano (2005, 2007) also employed genetic algorithms to develop an
automated tool to allocate resources to tasks taking into account duration, resource
skills, cost and global complexity. Their research work was centered on the fact that
one of the goals of software project managers is to reduce both the cost and the
duration of software development projects even though these two goals can be
conflicting. Each individual in the population is an assignment matrix representing
the allocation of developers to tasks. The quality of each assignment matrix
regarding cost and duration is evaluated through two objectives using the salary
of each developer, the degree of dedication each developer is permitted to work on
each task and the effort required for each task. The project’s schedule is constructed
directly as a result of the developers allocated to each task. As the algorithm
executes, solutions converge to the optimal/near-optimal allocations and schedules.
By allowing project managers to adjust weights according to the problem at hand,
they have the ability to perform different scenario analyses and make better
decisions regarding the software project. This is a significant feature because the
importance of each criterion is subject to the software being developed within the
project, thus it is reasonable to expect a software project manager in some cases to
want to give emphasis on minimizing the cost of the project and in other cases to
want to focus on minimizing the project’s duration, depending on which criterion
he or she considers more important. One drawback to the approach, however,
relates to the way that developer skills are handled. Specifically, the skills possessed
by developers are treated as Boolean; either a developer possesses a certain skill or
does not, and this information is used to evaluate whether the skills required by the
project’s tasks are satisfied in the form of a constraint. However, in reality, most
project managers do not treat skills in such a way but rather take into account that
developers possess skills at varying levels. Therefore, the approach would make
more sense to address this as part of the evaluation of objectives (i.e., as an
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additional criterion for assigning developers to a task) rather than as part of the
assessment of the constraints. A comparison of several multi-objective evolutionary
algorithms using various quality indicators was subsequently performed in Luna
et al. (2011) and Chicano et al. (2011) using the same representation, that is, with
each solution comprising a series of developers possessing a set of skills, which are
matched against the skills required by the project’s tasks. None of the experiments
in this group of approaches, however, has been tested on real-world software
projects. Instead, they have only been applied to a collection of simulated projects,
which were created by an instance generator that randomly creates a set of tasks
(with associated costs and required skills) and a set of developers (with associated
salaries and skills possessed). The randomness of the generated software projects
may not always accurately reflect, for example, the correlation between the skill set
and salary of a developer where higher-skilled employees are more likely to be
paid more.

In the approach proposed by Duggan et al. (2004), project managers supply the
complexity of the packages to be developed (using McCabe’s (1976) cyclomatic
complexity measure) and the proficiency (from novice to expert) of the available
software engineers in each of the packages. Using a multi-objective genetic
algorithm, the approach aims to find an optimal solution that minimizes the number
of defects per unit of complexity and minimizes the duration of the project with a
specific assignment of developers. However, software project managers may find it
difficult to adopt this approach because it is strictly focused on allocating and
scheduling resources regarding implementation tasks of a development project
and only if the project is developed using an object-oriented approach.

Kapur et al. (2008) proposed a hybrid approach, which employs integer linear
programming in conjunction with genetic algorithms for resource scheduling and
allocation, targeting planning product releases. The authors emphasize the fact that
software developers have different levels of skills and so their goal is to help project
managers assign the most qualified developers to the required tasks in order for
them to achieve maximum productivity, which in turn leads to a product release
offering features that maximize business value. The optimization carried out using
the genetic algorithm helps software companies decide which features should be
included in a particular release for its customers. The two-phase method was
applied to a real-world project carried out at Chartwell Technology, which special-
izes in developing online gaming and gambling software, demonstrating how
change requests, user requirements and improvements were planned and ordered.
This approach, however, can only be used for allocating and scheduling human
resources for software projects developed incrementally. Ngo-The and Ruhe (2009)
further develop this two-phase approach again aimed at incremental software
development. The authors use integer linear programming to fix an upper bound
to the maximum possible achievable business value according to stakeholders’
satisfaction and then employ a genetic algorithm to evaluate this value and subse-
quently find an optimal or near-optimal assignment and schedule of developers to
tasks in order to plan which features are to be included in each release and which are
to be postponed. The approach also allocates non-human resources, such as capital,
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during the assignment procedure. One of the benefits of the approach, as stated by
the authors, is that project managers can replan features and reschedule resources if
requirements are changed or new requirements are introduced by simply using the
same two-phase approach with modified inputs and parameters.

Several attempts carried out by Antoniol et al. (2004b, 2005) had the sequence of
execution of work packages and the assignment of teams to work packages eval-
uated using a hybrid of queuing simulation and a single-objective genetic algo-
rithm. A shift to a multi-objective genetic algorithm was then made in the approach
suggested in Gueorguiev et al. (2009), which highlights the difficulties in
constructing project schedules with regard to risk. The main objective of this
approach focuses on the conflicting objectives of robustness and completion time,
but the approach can be used implicitly for resource usage maximization. Further-
more, the adoption of queuing simulation for task staffing and optimization for
scheduling tasks are also part of a later approach in Di Penta et al. (2011), where
additional features are implemented to deal with fragmentation, software developer
specialization and work package dependencies. Ren et al. (2011) opted for a
different approach to optimizing the sequence of execution of work packages and
assigning developers to tasks by adopting a cooperative co-evolutionary method,
which tries to evolve two populations of individuals simultaneously through col-
laboration, rather than having individuals in a single population compete against
each other.

In an alternative approach, Yannibelli and Amandi (2011) proposed a
knowledge-based genetic algorithm to aid project managers at the early stages of
scheduling to staff software projects with the most effective employees. Specifi-
cally, the approach uses available knowledge about employees’ previous partici-
pation in projects to evaluate how effective a set of resources will be if assigned to a
specific activity and how effective each individual in that set will be. With this
knowledge, the algorithm attempts to find feasible and optimal project schedules
satisfying the precedence relationships between the activities and the human
resource requirements. An important aspect of this approach is that allocations
are based not only on the skills of developers but also on the level of effectivity that
is the result of two or more developers working together on the same task. This is an
attempt to reflect real-world practices since a software project manager may be
hesitant to assign a task to a pair of developers when he or she is aware that the pair
is less effective working together, even though individually the developers possess
a higher level of skills than another pair of developers. It might be preferable to
allocate two developers who are less skilled, but more effective working together in
order to be more productive. What the authors do not make clear, however, is
whether the duration of a task is specified knowing the exact number of developers
to be assigned to it. What would be more flexible, if this is not the case, is having the
duration of a task to actually shorten or stretch depending on the final level of
effectivity resulting from the developers assigned.

Some of the approaches mentioned in this section are revisited in Chap. 15,
which provides an overview of how different areas and problems of software
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project management have been reformulated to be solved with computational
search and optimization techniques.

4.2.2.2 Swarm Intelligence

Swarm intelligence algorithms are a specific group of computational intelligence
methods inspired by the behaviour of biological systems found in nature, such as
the flocking of birds and the schooling of fish. The aim of swarm intelligence
algorithms is to mimic how each individual in the swarm acts and interacts with
other individuals in its environment to achieve a common goal shared by all
individuals. In particular, swarm intelligence algorithms, such as ant colony opti-
mization and particle swarm optimization, work similarly to evolutionary algo-
rithms by assessing the quality of the solution that each individual in the swarm
represents. In the case of human resource allocation and scheduling for software
development, these types of algorithms are only just now beginning to be applied,
though the general goals of the approaches still focus on minimizing the cost and
duration of software projects in a similar fashion to evolutionary algorithms.

Chen and Zhang (2013) recently proposed a model that combines an event-based
scheduler with ant colony optimization, aiming to provide solutions consisting of
reduced project costs and more stable workload assignments. Essentially, the model
considers that developer allocations are affected by specific events: the starting time
of the project, the time when developers join or leave the project, and the time when
developers are released from completed tasks. When one of these events occurs
during the project, the event-based scheduler modifies the allocation of developers
based on the priority given to tasks, the skill proficiency of developers and the
current availability of the developers. Then, the method goes on to construct a new
schedule by using ant colony optimization, where artificial ants are iteratively
dispatched to build project plans. The practical benefits with this method are that
it allows a software project manager to have the flexibility to pre-empt tasks, but
also to be able to handle and avoid resource conflicts. Experiments were carried out
on 80 artificial projects and 3 real-world business software projects of a depart-
mental store, and the results demonstrated that the combination of event-based
scheduling with ant colony optimization was effective in yielding solutions with the
lowest project cost.

Xiao et al. (2013) also presented an approach using swarm optimization to
allocate and schedule developers in a software project. The authors adopted a
similar approach as Alba and Chicano (2005), but instead of using a genetic
algorithm to generate solutions with optimal developer assignments and project
schedules, they adopted ant colony optimization. They used the same objectives,
that is, to minimize cost and duration, subject to the precedence relationships of
tasks and skills of developers. The authors show through the results of optimization
on 30 randomly generated project instances that this approach outperformed the
original.
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A particle swarm optimization algorithm was used by Gerasimou et al. (2012) in
an initial investigation in maximizing human resource usage. The proposed
approach aims to assign tasks to software developers based on their experience in
the skills required by the tasks and, simultaneously, to generate the shortest project
make-span by scheduling tasks with respect to task dependencies and developer
availability. A software project manager gives each objective a weight denoting its
level of importance so that the particles, which represent the start days of tasks and
the developers allocated to it, can converge to an optimal as possible solution that
balances the two objectives according to the weights provided. The reasoning
behind this approach is that, ideally, a software project manager would want to
assign a task to the developer most suitable in terms of skill. However, if the most
skilful developer is assigned conflictingly to two tasks that are scheduled to execute
in parallel, a software project manager is faced with the dilemma of how to handle
such a conflict. Does he or she allocate a different, possibly less skilled, developer
to one of the tasks but keeps the schedule the same? Or does he or she leave the
assignments as they are and sets one of the tasks to start as soon as the developer
becomes available again, possibly increasing the duration of the project? The
challenge with implementing such an approach in real-world projects is that the
cost of the project is not taken into consideration, which could also affect the
allocation criteria. Furthermore, project managers may not be able to quantify the
experience a developer has in particular skills easily. It is, however, critical to take
into account the non-interchangeable nature of software developers considering
that each developer possesses a different skill set with different levels of
proficiency.

4.2.2.3 Fuzzy Logic

Fuzzy logic is regarded as a control system for solving problems based on infor-
mation that is imprecise, ambiguous, uncertain or even missing, and is used to
imitate the human decision-making process on a linguistic (descriptive) rather than
a numeric basis. The goal is to model the vagueness of variables that do not possess
a clear and crisp distinction between its possible values. Instead, it divides the
variable into (usually) overlapping fuzzy sets and with the use of membership
functions determines the degree to which a specific value falls into each set. It
has been applied in many disciplines, such as robotics, medicine and management,
where it has helped overcome the subjectivity of the decision maker.

One attempt at using fuzzy logic for software project scheduling was proposed as
a decision support system by Hapke et al. (1994), who claim that, due to the
uncertainty of time parameters, software project managers can only approximate
the durations of development activities. The fuzzy project scheduling system
proposed, therefore, creates intervals representing possible durations of tasks and
aims to assign software engineers to development phases taking into consideration
the completion time and maximum lateness of a software project. The time criterion
is cut into lower and upper bounds generating a set of optimistic and pessimistic
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scenarios, which are then optimized using priority heuristic rules. Because the
approach only handles the minimization of the duration of projects, its applicability
in the industry may be limited. The fact, however, that human resources are
considered renewable resources severely increases its limitations since it does not
accurately reflect the impact that developers’ capabilities can have on allocation
and scheduling.

Fuzzy logic was also employed as a means for project scheduling by Callegari
and Bastos (2009) in order to handle the difficulties present in pure mathematical
models, for example, “the partial loss in meaning in terms of knowledge represen-
tation.” The multi-criteria resource selection method proposed employs multi-
valued logic and a set of inference rules to rank available resources according to
their suitability to specific tasks, thus allowing project managers to assign resources
to tasks. Specifically, a fuzzy rule matrix is constructed that stores how suitable an
assignment is based on the skill level expected by a task and the current skill level
possessed by the assigned developers. If-then rules then help software project
managers allocate developers in order to meet the requirements of each task. One
advantage of this approach is that the rules can help avoid poor utilization of
developers, which is considerably important for software development companies
as highly experienced developers are not wasted on tasks requiring low levels of
skills. However, one criticism is its inability to handle the scheduling of developers
simultaneously. This is one of the few approaches that also demonstrate a prototype
tool to show how a software project manager can adopt the approach in the industry.

The approaches discussed in Sect. 4.2 are summarized in Table 4.1. They are
grouped by the method/technique adopted in each proposed human resource sched-
uling and allocation attempt explored. As can be seen, the majority of attempts
employ computational intelligence methods as a form of optimization, with the
most popular technique being evolutionary algorithms.

4.2.3 Discussion

Not getting the right people to do the right job at the right time can be detrimental to
the success of a software project. Various techniques borrowed from several fields
have been used to help avoid this through different approaches allocating and
scheduling human resources in software projects. But despite the evolution over
the years, the problem still remains unsolved largely because there is no consensus
on the criteria that these research approaches need to target to create a successful
human resource allocation and scheduling tool. There are several notable points
regarding the approaches that need to be addressed.

Firstly, even though there have been many approaches proposed, their ability to
be applied in real-world environments is not always clear. First and foremost, any
approach should be accompanied with some sort of tool to show exactly how the
approach could be adopted by software project managers and not provide only a
description of the underlying mechanisms. Additionally, the information needed to
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execute any approach should be easily obtainable and measurable where necessary
by software project managers, such as the dependency relationships between tasks
in order to validate the feasibility of a schedule. But, for example, things like units
of complexity may not be able to be provided by a software project manager,
especially at the initial stages of the project. Also, some attempts have put their
approach to the test using simulated or artificial projects only, without obtaining
results from experiments on real-world cases. This may negatively influence a
project manager’s perception of the practicality of the approach.

Secondly, the majority of the research works approach the problem as a (multi-)
optimization problem in that they aim to minimize/maximize several objectives,
with genetic algorithms being the most prevalent of approaches. The most popular
objectives involve the cost and duration of the project—two of the three dimen-
sions/constraints of software project success—through allocating and scheduling
developers in such a way that the assignments yield a balance between the two.

Thirdly, some approaches consider software developers as interchangeable
resources, especially when it comes to dealing with the skills required by tasks
and the skills possessed by developers. Just because two developers possess the
same skill, it does not mean that they will carry out a task in the same way or within
the same time. Software developers are knowledge workers, and it is with this
knowledge that software is built. The varying levels of skill proficiency and
experience between developers can be directly related to the salary of developers
as well as to the time it takes to carry out a task. Therefore, in approaches trying to
allocate and schedule developers, it is important for software project managers to be
able to factor in the variance caused by different levels of performance and
productivity of developers.

Skill proficiency and experience levels are not the only things that differentiate
developers. Performing human resource allocation and scheduling using only these
technical aspects of software development means that other, non-technical aspects
are neglected. Amrit (2005) argues that approaches that are based strictly on skills
and experience may be inadequate for project managers to help them handle issues
like interpersonal relationships among developers. Such human, social and cultural
aspects are strongly exhibited in software development companies, especially as
they become more reliant on teamwork and collaboration and the emergence of
distributed development. For this reason, more and more research work is being
carried out that tries to incorporate non-technical aspects, especially human-centric
factors, involved in software development. The following section discusses one of
the current directions in this trend and, in particular, the impact of the personality
type of software developers. There have been many studies surrounding this
human-centric factor, and additionally, various approaches have been proposed
attempting to incorporate it into human resource management either as part of team
formation strategies or as part of allocation and scheduling activities.



92 C. Stylianou and A.S. Andreou

4.3 The Implication of Software Development Personality
Types

4.3.1 Personality and Type Assessment

Personality psychology is the area of psychology that examines the person—the
human individual. Every individual has a set of characteristics, both organized and
dynamic, that come into action or that are expressed in certain situations regarding a
person’s cognitive, motivational and behavioural patterns. Over the years, many
categories of personality theories have been developed, including trait theories,
type theories, humanistic theories and behaviourist theories, all of which aim either
to understand an individual’s distinctive personality features or to identify general
rules applying to different individuals. During the twentieth century, with the rapid
growth of the field of personality psychology, there was an equal interest in the field
of personality testing. The intensive research in the field has led to many additions
and modifications of personality assessment instruments, both in approach and
application.

One of the most widely administered personality tests is the Myers-Briggs Type
Indicator (MBTTI) (Briggs Myers et al. 1998), which scores individual preferences
based on the works of Carl Gustav Jung (1923). Individuals answer a psychometric
questionnaire that assesses preferences relating to four dichotomies: extraversion/
introversion, sensing/intuition, thinking/feeling and judging/perceiving. The per-
sonality type of an individual is determined by which alternative of each dichotomy
is preferred by answering a series of forced-choice questions. It should be noted that
preference of one option does not mean that the other is never used—it is simply
less preferred. As a result, there are 16 possible combinations of personality types.

Another well-known personality test is the Keirsey Temperament Sorter
(Keirsey and Bates 1984), which is closely related to the MBTI but, instead, uses
temperaments rather than attitudes and functions. The four temperaments (artisan,
guardian, idealist and rational) can be subsequently broken down into roles and
further into role variants based on an individual’s preference towards behaviours
that are concrete or abstract, cooperative or pragmatic, directive or informative and
assertive or responsive. An individual’s temperament and character type is mea-
sured using a 70-item forced-answer questionnaire.

The Revised NEO-Personality Inventory (NEO-PI-R) (Costa and McCrae 1992)
was introduced to measure the Five-Factor Model (FFM) personality traits of
individuals (Tupes and Christal 1961). The assessment determines emotional,
interpersonal, experiential, attitudinal and motivational styles represented by the
five domains—neuroticism, extraversion, openness to experience, agreeableness
and conscientiousness—and their subdomains (facets). The 240 items comprising
this psychological personality inventory contain descriptions of behaviours that are
answered using a five-point scale.
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Personality tests have been used extensively in a number of academic and
application disciplines that have required the adoption of personality measures.
More importantly, personality tests may also be utilized for career and personnel
assessment. Even as far back as the early twentieth century, tests were used to
investigate the desirable psychological abilities and traits an employee was required
to have. For example, Miinsterberg’s (1913) theories and research work in the field
of industrial/organizational psychology led to the widespread development and
adoption of a personality test to measure and evaluate candidate employees. His
test was put into practice by the Boston Elevated Company for selecting conductors
as well as by the American Tobacco Company for choosing travelling salesmen.
After World War II, the use of personality testing shifted its focus on assessing
employees most suited for managerial and executive positions, and many compa-
nies, including IBM, started developing their own employee personality tests.
Eventually, during the 1960s, testing restarted being practised at all levels and
over a wider variety of occupations (Cox 2003).

Investigating whether or not a specific type of job can be executed by a particular
personality type, especially for the heavily people-oriented field of software devel-
opment, is very appealing to many organizations. It can help supervisors decide on
issues such as pay rises and promotions or, in a negative light, disciplinary action
and dismissal. As a result, several studies have been carried out to investigate
whether software development professionals possess a specific type of personality.
The outcomes of these investigations can shed light on the type(s) of personality
that are drawn towards a career in software development. It also enables to explore
whether different professions within the industry appeal to different personality

types.

4.3.2 Personality Types of Software Development
Professionals

One of the earliest studies of personnel in software engineering-related occupations
was performed by Moore (1991). The study was based on the Sixteen Personality
Factor Questionnaire (16PF), a popular measurement tool in personality-occupation
studies and extensively used to assemble personality profiles for people in various
occupations (Cattell et al. 1993). In the study, the author compiled the 16PF
questionnaire for four software development occupation categories—application
programmers, systems analysts, technical programmers and data processing
managers—in an attempt to answer the question “Do these groups of information
systems professionals share a common personality profile, or are there significant
differences?” After multiple analyses, the authors found that managers and appli-
cation programmers were most similar in that they are more inclined to experiment
and think freely, thus allowing them to use their imagination more, while at the
same time being more outspoken and comfortable with whatever happens.
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In contrast with application programmers, however, managers are more likely to be
laid-back and spontaneous, more forceful and competitive, and more capable of
abstract thinking. Another finding showed that systems analysts and technical
programmers have a tendency to be more practical, careful and conservative than
data processing managers because their work is often highly visible, not only within
data processing but throughout the company. Mistakes can be costly but also
embarrassing. Additionally, the study also identified managers as “less concerned
with social rules than most people” and more likely to pursue their own desires.

Wynekoop and Walz (1998) attempted to explore the differences between
information systems professionals in order to determine whether or not differences
existed in personality characteristics with the rest of the general population. They
surveyed three oil and gas companies with a total of 114 programmer analysts,
systems analysts and project managers and administered the California Psycholog-
ical Inventory Adjective Check List (ACL) (Gough and Heilbrum 1983) on the
employees. The results showed that managers and systems analysts are more
similar to each other than to programmers. In addition, managers and systems
analysts differ from the general population on more scales than programmers but
also on different scales. Another finding was that managers tend to be more logical,
compliant and with more confidence than the general population, whereas analysts
are more willing to keep friendly relationships with others. Generally, the study
shows that IT professionals have more leadership skills, are more ambitious and
reasonable and have more self-esteem and can be more disciplined than other
professionals. Similarly, Smith (1989) also carried out research on IT professionals,
though his work concentrated only on the personality types of systems analysts.
Based on MBTI type tests, the author concluded that a high majority of systems
analysts tend to prefer sensing and thinking in addition to being more introvert
rather than extrovert.

Capretz (2003) attempts to provide a personality profile of software engineering
employees by distributing the MBTT instrument to 100 software engineers working
for the government or for private companies and students of private or public
universities and comparing the results to the distribution of MBTI types of the
general US adult population. The motivation behind the author’s research is the fact
that the majority of software engineering professionals are typecast as “nerds”—
introverts working alone in a corner and with no intentions to interact with others.
However, over the years, software development has become more complex and has
given rise to specialization within the profession (such as systems analysts,
designers, programmers, testers, etc.), and as a result, each role requires a
corresponding personality type. Furthermore, at the time of the study, there had
been very little research carried out on the degree of job satisfaction among
software professionals; any profile of the software engineer constructed may have
been modified due to the growth of the field’s popularity. The results of the author’s
survey showed that the majority of software engineers are technically oriented and
prefer working with facts and reason rather than with people. It was also noted that
systems analysts possessed a personality type that preferred to communicate with
other people and to use their enhanced thinking ability to solve organizational
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problems. On the other hand, programmers exhibit a personality type that excels at
spotting the centre of a problem and seem to find practical solutions. Conversely,
some have a high need to achieve although a low drive to socialize with other
people. It is a fact that the software development field is dominated by introverts,
who typically have difficulty in communicating with end users. The greatest
difference, according to the author, between software engineers and the general
population is that the majority of software engineers take action based on what they
think rather than what somebody else feels. This, however, does not help bring
software developers closer to the users.

A more recent comprehensive investigation can be found in an analysis by
Varona et al. (2012), which surveys existing studies that try to profile software
development professions, in order to properly understand the human resources
working in the software industry, as well as to spot possible trends and changes.

4.3.3 Allocating Developers to Tasks Based on Personality
Types

Even if a specific personality type can be distinguished for each software develop-
ment profession, the most important question is how to make use of this information
in practice when trying to allocate and schedule human resources or form software
development teams. There has been a gradual rise in the number of approaches
aiming to help answer this question, and this section presents some of these
approaches.

The personality type of a developer can play a significant role in determining
which tasks he or she is assigned to because particular individual traits can help
certain developers to be more adept in coping with the requirements and character-
istics of a specific task. Furthermore, a more suitable personality type assigned to a
task can have a direct influence on individual performance and team efficacy (Peeters
et al. 2006; Capretz and Ahmed 2010b) and group conflict and team cohesion (Karmn
et al. 2007), as well as contribute to the overall quality of the final software product
(Fernandez-Sanz and Misra 2011). In addition, when a developer is assigned to a task
that suits his or her personality, then his or her level of job satisfaction can increase
leading to higher productivity (Acuiia et al. 2009).

Dafoulas and Macaulay’s (2001) approach to assigning developers to tasks uses
dynamic role allocation to maximize productivity and performance and takes into
account certain role criteria (such as the goals and objectives, skills and knowledge,
as well as any personality and culture requirements) so that project managers can
assign/reassign roles or activities to team members according to their suitability.

Acuiia and Juristo (2004) also consider roles and human capabilities in their
attempts. Their proposed model first determines the intra-personal, organizational,
interpersonal and management capabilities of team members and then performs role
assignment to team members based on the capabilities required by the roles and the
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capabilities of the available resources. Each capability is allotted a number of
personality traits required to be possessed using the 16PF test as a psychometric
instrument. The goal is to assign those employees possessing the 16PF personality
traits nearest to the 16PF personality traits required by the role (Acuiia et al. 2006).

Similarly, André et al. (2011) developed a formal model for human resource
allocation focusing on the assignment of developers to roles. In this approach, rules
are generated to undertake the team formation process based on the roles and
competencies of developers assessed through psychological tests. These team
formation rules were converted into a formal model comprising four objective
functions (competence, team compatibilities, availability and distance cost) and
12 constraint types to perform human resource assignment to roles by employing
heuristic algorithms (random restart hill climbing, simulated annealing, tabu search
and various other combinations of heuristic approaches).

Capretz and Ahmed (2010a, b) presented an attempt at human resource allocation
suggesting a mapping of job requirements and skills to personality characteristics of
employees, stating that the diversity of psychological types improves effectiveness
and fulfillment of software developers. Because employees are more likely to
perform better if they are assigned roles that their personality traits are best suited
to, the authors associate hard skills (in the form of job requirements) to soft skills
(in the form of personality requirements) for various software professionals: systems
analysts, designers, programmers, testers and maintenance staff. The soft skills are
then matched with specific personality characteristics based on MBTI personality
types, and this can allow project managers to select team members with the same
personality types and assign them to the roles required in the project.

Stylianou and Andreou (2012) employed a multi-objective genetic algorithm to
simultaneously allocate and schedule software developers to tasks based on the
technical skills and their personality types. One of the assumptions in this approach
is that the schedule of tasks is fixed, and so the allocation of developers is
constrained by the time that each task has been set to execute. This approach was
recently developed into a prototype intelligent decision support tool in Stylianou
et al. (2012) and was extended to also accommodate situations where a software
project manager wishes to allocate and schedule software developers without
having the project tasks scheduled beforehand. The results obtained in these two
approaches appear highly promising and demonstrate the significance of human-
centric developer assignment.

4.3.4 Allocate Developers to Team Based on Personality
Types

While some may argue the importance of getting a developer to work on the right
task, others may argue the significance of getting developers to work right together.
The approaches mentioned in Sect. 4.3.3 all focus on the relationship between
developers and tasks. However, what about the relationship between developers
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themselves? After all, software projects are undertaken by teams and require
collaboration, coordination and communication between members. The answer to
this question has been explored by several groups of researchers, all trying to
identify how the personality type of developers influences various facets of team
work and investigate whether certain combinations of personality types improve
aspects such as performance, productivity and even quality. From a software
project manager’s perspective, this could help him or her to understand and exploit
this underlying factor effectively when deciding on allocating developers to tasks.

One area of study concerns the heterogeneity of personality types, that is, the
diversity of traits possessed by developers. Rutherfoord (2001) examined the
impact of diversity by comparing teams comprising different personality types
with teams composed of the same personality type using the Keirsey Temperament
Sorter. The results showed that groups with members of the same personality type
were having more personal problems, rather than technical. The surveys revealed
that members seemed to want to elaborate the project by themselves and had
problems with members that did not have much of a sharing discipline. On the
other hand, groups with members of different personality types seemed to have
more problems at a technical level. It was also noticed that groups where all
members possessed a “supervisor” personality type were spending too much time
discussing on how tasks will be assigned, despite this matter having already been
decided previously. Groups where all members possessed an “inspector” personal-
ity type were very quiet, and interaction between them did not seem to exist. These
groups appeared, however, much more focused and responsible. Groups with
different personality types among their members were very active, had robust
discussions and provided different kinds of ideas. The authors also noticed that
groups with “supervisor” personality types were very opinionated and preferred to
“follow a traditional path.” Research by Neuman et al. (1999) investigated the
relationship between work team effectiveness and two other factors: team person-
ality elevation (TPE), defined as “the average level of a given trait within a team,”
and team personality diversity (TPD), described as “the variability or differences in
personality traits found within a team.” Predicting job performance using person-
ality has conventionally been based only on the elevation, or magnitude, of traits
within the group, and this has been the foundation of selection and placement
strategies. Nevertheless, the authors claim that team-based designs may also require
taking into account the diversity, or variability, of traits within the group in order to
find correlations between personality and job performance. The research used the
FFM to examine the relationship between team personality composition and work
team performance. Based on the authors’ interpretation of the results, teams
perform better when members differ in terms of extraversion and emotional stabil-
ity rather than when members are similar in terms of these traits. Conversely, team
performance is likely to increase if team members possess similarly high levels of
traits regarding conscientiousness, agreeableness and openness to experience.
Therefore, project management decisions on employee selection can be supported
by taking into account the similarity of certain traits and the dissimilarity of others
within a team.
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Interestingly, a large number of research studies concentrate on the effects of
personality in agile methodologies, which is in itself a relatively new development
approach in the field of software engineering. Project management for agile meth-
odologies is explored in Chap. 11, which describes how agile methodologies
transform the way in which communication, collaboration and coordination prac-
tices in software development projects are carried out towards a more “people-
oriented” approach where software teams are self-managing and share the decision-
making. In this chapter, the discussion focuses particularly on pair programming
and how personality types are implicated. This activity involves two developers
working together on one task as they alternate between the roles of “driver’—the
developer who codes—and “navigator”—the developer who reviews the code.
Immediately, there is a need for social interaction (in the form of communication,
collaboration and cooperation) among the developers in order to reach a common
goal of delivering the unit produced on time and with the required quality. Hence,
this is the reason why, especially in the past several years, studies have been carried
out to investigate the impact that personality types have on the performance and
productivity of the pairs.

Sfetsos et al. (2006) concentrated on the diversity of personality traits and came
to the conclusion that pairs with heterogeneous personalities and temperaments
exhibit better performance and collaboration-viability than pairs with similar per-
sonality traits. Software project managers, therefore, can take into account person-
ality types when allocating developers to tasks and try to match developers so as to
optimize the pair’s effectiveness. Similarly, Choi et al. (2008) investigated which
combination of personality types yields higher pair productivity. Specifically, they
tested pairs of developers with alike, opposite and diverse combinations of person-
ality types and found that the latter combination outperformed, in terms of code
productivity, the other two.

In practice, a software development company may find it easier and cheaper if
developers are left to team up by themselves. Oftentimes, however, pairs will be
formed based on friendships and common interests and not on optimizing produc-
tivity. If personality types are taken into account, a software project manager can
assign tasks to developers yielding maximum effect with relatively little time
and cost.

Acuiia et al. (2009) explored the relationship between each of the five factors of
the FFM and job satisfaction, performance, team cohesion, task conflict and quality
in agile settings. Their quasi-experiment produced a variety of results. Firstly, they
observed that the quality of the end product is positively correlated to the preferred
interpersonal style of the developers. This means that teams with a high average
level of extraversion will enjoy the social interaction that is promoted through agile
methodologies, and all members share the same goal of making the project a
success. They also noted that developers with positive attitudinal and motivational
styles are also more likely to be satisfied with their job. Developers in a team that
share the same high level of agreeableness and conscientiousness feel more content
with their career. Staying with the factors of the FFM, Salleh et al. (2010) explored
how they especially affected pair programming. The main findings here were that
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pairings of developers with high levels of traits relating to openness to experience
were conducive to the effectiveness of the pairings. Hannay et al. (2010) provide a
comprehensive survey of the research investigating the effects of personality on
pair programming and its ability to predict job performance.

4.3.5 Discussion

There are two schools of thought concerning the inclusion of information regarding
the personality types of developers for human resource allocation and scheduling
activities in software development. On the one hand, there is a view that a developer
should be assigned to a task that he or she is more suitable based on the require-
ments of the task and the personality type of the developer. The claim is that each
software development task has a set of characteristics and requirements that can be
associated to a desired set of personality traits. For example, requirements elicita-
tion tasks involve a high level of social engagement and the ability to identify with
clients to understand their needs. Therefore, an introverted individual may struggle
to perform these tasks as they are more reserved and prefer working alone rather
than in environments requiring high social interaction. The research does not claim
that a developer cannot carry out a task if he or she does not have the right
personality type; it claims that he or she would not prefer to carry out the task.
Consequently, a better task-fit for a developer would result not only in better
performance but also in higher job satisfaction. The more fulfilled a developer is
while working on a task that he or she is suited to, the more productive and efficient
he or she is. Of course, this can only work if the developer is capable of carrying out
the task in the first place with regard to technical skills, knowledge and expertise, so
as not to jeopardize the quality of the software being developed.

On the other hand, there is the standpoint that a developer should be assigned
with other developers so that the resulting combination of personality types leads to
increased performance and effectiveness. The claim here is that there are certain
combinations of personality traits that can improve the productivity of the team and
increase the probability of success. Some traits, such as conscientiousness, should
be present in all team members, while other traits, such as extraversion, should be
diverse. Contrariwise, if several developers are assigned to work together on a task,
their combination of personality types may not foster the most efficient and
productive working environment. This does not mean that the job cannot get
done; it may just mean that a more appropriate mixture of developers in terms of
personality type may be able get the job done with improved levels of communi-
cation, collaboration and coordination, which are governed by an individual’s
personality type. Inevitably, if this personality type blend is not “effectual” there
will be several knock-on effects, such as lowered productivity, job satisfaction and,
ultimately, software quality.

Overall, there are a limited number of approaches that attempt to incorporate
personality types of software developers in order to assign them to tasks, which is
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expected as this is still a relatively new direction. Some do not treat the allocation
and scheduling of developers as an operational research problem and, therefore, do
not employ the specialized techniques and methods as the approaches presented in
Sect. 4.2 do. Those that do, attempt to optimize the allocation so that the developer
whose personality type is closest to a desired profile is assigned. Interestingly, all
but one approach overlook dealing with the problem of resource/task scheduling
altogether, which as previously mentioned, is tough to separate from allocation as
both activities are affected by developer availability constraints. Hence, the ability
of approaches to provide an integrated tool may be considered limited unless they
are able to accommodate scheduling also.

4.4 Further Research Trends and Challenges

Incorporating aspects of personality types in allocation and scheduling is still at a
young and exploratory stage, and so the applicability of approaches lacks the
backup of empirical evidence demonstrating their practical benefits in order to
promote their adoption by real-world software development companies. A system-
atic evaluation of the effect is still required to be carried out to gather such
evidences, and if these continue to indicate promising results, only then can a
significant evolution in team formation, as well as allocation and scheduling
strategies, occur.

The desired personality types of roles, tasks or activities that form the basis of
assigning suitable developers in a number of approaches are not always justified
empirically. It is important that the desired personality type of a task is correctly
identified in order to allocate a suitable developer, but this may pose a challenge
given the different personality measures and frameworks available to assess per-
sonality types and preferences. There is currently no consensus as to which per-
sonality instrument is the most capable of providing a task’s desired personality
accurately.

There is a difference of opinion with respect to how personality types can be
utilized—for assigning tasks or for staffing teams. Either way, the emphasis
remains on gathering evidence whether taking into account personality types of
developers constitutes a legitimate way forward to help software project managers
make staffing decisions aiming to increase the probability of success. Ideally, future
approaches will be able to support both these valid research viewpoints.

Considering the use of personality types does not aim to single out developers or
discriminate against them. Instead, it is supposed to provide software project
managers with additional and complementary information to help them in the
allocation and scheduling of resources or, in general, task-independent team for-
mation. Additionally, it should not substitute or force to disregard important
technical factors such as knowledge, skills and experience. However, some devel-
opers may still consider such an approach intrusive, so it is therefore important to
provide reassurances that the goal is to utilize this human-centric factor to achieve
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maximum resource usage through the strengths of developers. Ultimately, the goals
and objectives of any approach are to eliminate those risks in software project
management preventing development organizations from delivering their products
on time, within budget and with the required level of quality.

One of the other biggest challenges for the research community is trying to find a
way of blending or “marrying” the two styles of solution. The interdisciplinary
nature of the area requires many fields to come together to provide adequate and
practical solutions for the software development industry. On the one hand, opti-
mizing technical project criteria, such as cost, duration and number of defects, is
attempted to be solved as an operational research problem, whereas the human-
centric approaches tend to be handled as team formation strategies. Therefore, the
ideal direction for research would be to concentrate on providing a hybrid of the two
solution styles in a unified software project allocation and scheduling framework,
on the one hand taking advantage of the benefits of underlying techniques (math-
ematical modelling or computational intelligence) and on the other hand targeting
technical as well as non-technical, human-centric criteria. One of the obstacles to
achieving this is quantifying and measuring human-centric criteria.

4.5 Concluding Remarks

The purpose of this chapter was to give the reader an insight of the most recent
research approaches to human resource allocation and scheduling in software pro-
jects. What is observed is that there is a shift from the traditional operational
research approach of allocating and scheduling developers based on conventional
technical criteria, such as cost and duration, towards focusing on team formation
and allocation strategies, aiming to make use of both the technical abilities of
developers (e.g., skills and experience) as well as their personality types for
improving other criteria, such as performance, productivity and software quality.

The traditional approaches to human resource allocation and scheduling con-
sider the attempt to solve the problem as an optimization problem and make use of
mathematical modelling techniques, such as linear programming and probabilistic
modelling, in addition to computational intelligence methods, such as evolutionary
algorithms and swarm intelligence. In order to determine the best allocation and
scheduling plan, a software project manager would have to exhaustively evaluate
all the possible permutations given the project’s tasks, their durations, their depen-
dency relationships and the skills they require, in addition to the available devel-
opers, their cost and the skills they possess. Especially with larger-sized software
projects, this may prove overwhelming and time-consuming for a project manager.
Approaches that adopt these methods therefore attempt to provide a quicker and
easier alternative.

Allocating and scheduling human resources has started to move into a more
human-centric direction, with a growth in the research area investigating the
addition of non-technical aspects of software development to help software project
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managers increase the rate of software project success. One such aspect involves
the use of personality types in allocation and scheduling. Research approaches,
however, are still currently limited, but as this trend is becoming more popular,
evidence is accumulating showing that personality types could indeed be used to
help assess how well a developer would perform certain jobs and tasks and also how
effective and/or productive he or she will be with other developers. Also, some
studies have concluded that caution must be given in forming diverse software
development teams as these appear to generally perform better than less heteroge-
neous teams. Overall, this particular area of research is very promising as it
contributes to dealing with the important issue of helping software projects succeed
by focusing on the most important, if not the only, resource involved in software
development.
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Chapter 5
Software Project Risk and Opportunity
Management

Barry Boehm

Abstract Risk is an uncertain event or condition that has a positive or negative
effect on project objectives. Risk management includes the processes of planning,
identification, analysis, resource planning, and controlling risk in a project. This
chapter focuses on recent insights and approaches within risk management. A
positive counterpart to risk management has emerged, called opportunity manage-
ment. The duality between the two concepts is explained, and the fundamentals of
risk—opportunity management are discussed. Furthermore, risk and opportunity
management methods, processes, and tools are presented.

5.1 Introduction

Compared to 20-30 years ago, very few projects end up delivering what were
initially defined as its requirements. Or if they do, the delivered system has become
a poor match to the organization’s current needs. Thus, most projects will have to
address project uncertainties and risk management right at the start and throughout
the project.

Risk management is all about uncertainty and value. Its fundamental quantity to
be managed is risk exposure, calculated as the project’s probability of loss
(a measure of uncertainty) times its impact of loss (a measure of stakeholder
value). This is initially obtained by identifying the project’s initial sources of
uncertainty called Prob(Loss) and adding up their contributions to overall risk
exposure. Risk exposure then continues to be updated as the project encounters
further sources of uncertainty.
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The remainder of this chapter elaborates on recent new insights and approaches:

¢ The duality of risk and opportunity management

» Risk management elements: risk assessment and risk control

« Fundamental risk quantities: risk exposure and risk reduction leverage

» Fundamental risk management strategies: risk understanding, avoidance, trans-
fer, reduction, and acceptance

¢ Evidence- and value-based milestone decision processes (shortfalls in evidence
are uncertainties and risk probabilities; stakeholder value propositions are deter-
minants of risk impact)

» Risk-based “how much is enough” analyses (balancing the risk of doing too little
and the risk of doing too much)

Also, it is important to recognize that not all uncertainty is bad. A positive
counterpart to risk management has emerged, called opportunity management,
which enables projects to balance risk and opportunity prospects.

5.2 The Duality of Risks and Opportunities

The generally accepted quantity for reasoning about risk is risk exposure
(RE) defined as

RE = Prob(Loss) Impact(Loss)

Opportunity can be considered as a dual to risk as a decision not to pursue an
opportunity has a negative expected value equal to the probability of success for the
opportunity times its impact of gain if it succeeds. This could be called its “missed
opportunity” risk exposure, but it is more positive to call it its opportunity exposure
(OE) defined as

OE = Probability (Gain) Impact(Gain)

Charette (1999) defines such a holistic view as risk entrepreneurship. Risk
entrepreneurs are not extreme thrill seekers; they are careful, judicial, and value-
aware decision makers. They understand the possible costs of risks as well as the
return from the opportunities. However, where the business value is sufficiently
large and the risk is both understandable and within the bounds of the organiza-
tion’s capability to manage it if something goes awry, they have the ability and the
courage to embrace the risk.

Another form of opportunity management that emphasizes the duality with risk
management involves identifying, evaluating, and deciding on opportunities to
reduce the project’s risk exposure. This is discussed below with respect to the
concept of risk reduction leverage.
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It should be noted that in managing opportunities as well as risks, negative risks
generally have a much stronger impact than pure opportunities (those not paired
with a risk). The INCOSE/IEEE System Engineering Body of Knowledge, SEBoK
(Pyster et al. 2013) states that

In principle, opportunity management is the duality to risk management (. ..). Thus, both
should be addressed in risk management planning and execution. In practice, however, a
positive opportunity exposure will not match a negative risk exposure in utility space, since
the positive utility magnitude of improving an expected outcome is considerably less than
the negative utility magnitude of failing to meet an expected outcome.

Canada (1971), Kahneman and Tversky (1979).

In other words, the utility function usually applied to project and program
managers is strongly weighted toward the negative; that is, making a $1 million
loss has about the same negative utility for a project manager as has the positive
utility of making a $5 million gain. Edmund Conrow’s comprehensive book,
Effective Risk Management (Conrow 2003) has some further cautions about
overenthusiastic opportunity management.

5.3 Fundamentals of Risk—-Opportunity Management

This section provides a summary of the fundamental risk—opportunity management
activities (risk assessment and risk control); the two primary decision criteria
associated with risk management (risk exposure and risk reduction leverage); and
the five fundamental risk management strategies (risk understanding, risk avoid-
ance, risk transfer, risk reduction, and risk acceptance). We use risk as the over-
arching term, but we always consider the risk—opportunity dualism in the
discussion.

5.3.1 Risk Assessment: Identification, Analysis,
and Prioritization

Risk Identification produces lists of potential project-specific risks or opportuni-
ties likely to change a project’s outcome. Typical identification techniques include
checklists, decomposition, comparison with experience, conflicts among the
success-critical stakeholders’ value propositions, and examination of decision
drivers. Another key contribution to risk identification involves evidence-based
decision criteria, in that shortfalls in evidence of project and product feasibility are
uncertainties or probabilities of loss if the project proceeds with inadequate evi-
dence of feasibility. This Prob(Loss) when multiplied by the Impact(Loss) becomes
Risk Exposure, as above.
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Risk Analysis produces assessments of the gain/loss-probability and gain/loss-
impact associated with each of the identified risks and assessments of the
compounding that may occur if risks interact to change probabilities or impacts
when more than one happens to occur. Typical techniques include network analy-
sis, decision trees, cost models, performance models, and statistical decision
analysis.

Even for medium-size (20-30 people) projects, Risk Identification can identify
up to 100 candidate risks to address. However, about 10—15 project-wide risks are
about the most that a medium-size, medium-complexity project should take on
simultaneously. The overall objective of risk analysis is therefore to determine the
relative risk exposure of each identified risk, initially just accurately enough to
separate the “big rocks” from the “pebbles,” and subsequently to provide more
insight on how best to reduce the big-rock probabilities and impacts of loss. If these
quantities cannot be accurately determined, the project has two main choices. One
is to assign relative values for Prob(Loss) and Impact(Loss), generally on a scale of
0-10. The other is to buy information to reduce risk, via stakeholder interviews,
surveys, prototypes, or high-level models.

Risk Prioritization produces a prioritized ordering of the risks to be subjected
to budgeted risk mitigation and control, and which are to be monitored for oppor-
tunistic risk mitigation or growth to become a serious risk requiring budgeted risk
mitigation. The emphasis on risk mitigation budgets reflects the reality that projects
have limited budgets, and that the relative cost of risk mitigation is as important as
the relative risk or opportunity exposure. This brings into play the second funda-
mental risk quantity called risk reduction leverage (RRL). RRL is defined as the
ratio of risk exposure reduction to the cost of achieving the reduction for a given
risk reduction alternative.

Thus, having a high risk exposure may not be a good criterion for choosing risks
to be mitigated. If an emerging technology is so immature that a very large budget
or long schedule would be required to reduce its risks of performance, reliability,
scalability, or maintainability, it would be best to defer consideration of its use until
it reached a higher level of maturity. Typical risk prioritization techniques include
RRL analysis, particularly involving cost-benefit analysis, and Delphi or group-
consensus techniques.

5.3.2 Risk Control: Risk Mitigation Planning, Risk
Mitigation, Risk Monitoring and Corrective Action

Risk Mitigation Planning produces plans for addressing each risk (e.g., via risk
understanding, avoidance, transfer, reduction, or acceptance), including the coor-
dination of the individual plans with each other and with the overall project plan. As
above under Risk Prioritization, it is important to address situations where a risk
mitigation threatens a project’s critical path, a particularly frequent occurrence with
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highly interactive risks that are pushing the technology frontiers in several direc-
tions at once. In such cases, it is often best to defer some of the capabilities, or if
several are needed for success, to reflect this in the project’s schedule. A good
example was the CCPDS-R project described in Royce (1998), which deferred its
Preliminary Design Review from a traditional Month 6 to Month 14, by which time
all of the risks had been mitigated.

Typical techniques include checklists of risk mitigation techniques, cost—benefit
analysis, and standard risk management plan outlines, forms, and elements. In
many cases, though, the standard forms may be overkills; a lean alternative is
provided below.

Risk Mitigation produces a situation in which the risks are eliminated or
otherwise resolved (e.g., risk avoidance via relaxation of requirements; opportunity
acceptance via strategic partnership agreements). Typical techniques include pro-
totypes, simulations, benchmarks, mission analyses, key-personnel agreements,
design-to- cost approaches, and incremental development for risk avoidance.
Opportunity assurance analysis may use technology trend analyses, multi-corporate
analyses, prototypes, and agreements, and acquisition analyses.

Risk monitoring and corrective Action involves tracking the project’s progress
towards resolving its risk exposure and taking corrective action where appropriate.
Typical techniques include risk management plan milestone tracking and a top ten
risk event list whose progress is reviewed and acknowledged at each weekly,
monthly, or milestone project review.

A framework and checklist of goals, critical success factors, and questions for
feasibility evidence assessment and associated risk monitoring at decision points is
provided in (Boehm et al. 2009). A complementary continuous risk monitoring
framework is the INCOSE System Engineering Leading Indicators Guide
(INCOSE 2012).

5.3.3 The Fundamental Risk Quantities: Risk Exposure
and Risk Reduction Leverage

Having defined risk exposure (RE) and opportunity exposure (OE) in terms of
“loss,” to be able to use these in project situations, we need a definition of “loss.”
Given that all projects involve several classes of stakeholders (customer, developer,
user, maintainer, and often others such as suppliers, distributors, interoperators,
regulators, and venture capitalists), each with somewhat different but highly impor-
tant value propositions or satisfaction criteria, we can see that “loss” is
multidimensional. For customers and developers, budget overruns and schedule
slips can result in losses of value. For users, products with the wrong functionality,
user interface shortfalls, performance shortfalls, or reliability shortfalls can result in
losses of value. For maintainers, poor quality and bad design can result in losses of
value.
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Fig. 5.1 Decision tree for spacecraft experiment IV&V

One way to look at risk exposure in context is to construct a decision tree similar
to that shown in Fig. 5.1. It illustrates a potentially risky situation involving the
software controlling a spacecraft experiment. The software has been under devel-
opment by an experiment team that understands their experiment well, but is
inexperienced and somewhat casual about software development. As a result, the
satellite platform manager has obtained an estimate that there is a probability Prob
(Loss) of 0.1 that the experimenters’ software will have a critical error: one which
will wipe out the entire experiment and cause an associated loss Size(loss) of the
total $20 million investment.

The satellite platform manager identifies two major options for reducing the risk
of losing the experiment:

» Convincing and helping the experiment team to apply better software develop-
ment methods. This incurs an additional analysis and test cost of $400 K, and
from previous experience the manager estimates that this will reduce the failure
probability Prob (Loss) to 0.05

» Hiring a contractor to independently verify and validate (IV&V) the software.
This costs an additional $300 K, plus another $300 K to fix the defects found by
IV&V. Based on the results of similar IV&V efforts, the manager estimates that
this will reduce the error probability Prob(Loss) to 0.01

The decision tree in Fig. 5.1 then shows, for each of the two major decision
options, the possible outcomes, their probabilities, the losses associated with each
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outcome, the risk exposure associated with each outcome, and the total risk
exposure (or expected loss) associated with each decision option. In this case, the
total risk exposure associated with the experiment-team option is $1.4 M. For the
strongest IV&V option, the total risk exposure is only $0.8 M; thus it represents the
more attractive option.

Besides providing individual solutions for risk management situations, the
decision tree also provides a framework for analyzing the sensitivity of preferred
solutions to the risk exposure parameters. Thus, for example, the experiment-team
option would be preferred if the loss due to a critical software error were less than
$5 M, if the experiment team could reduce their critical-software-error probability
to less than 0.02, if the IV&V team option cost more than $1,200 K, or if there were
various partial combinations of these possibilities. However, even with this sort of
sensitivity analysis, there may not be enough information available to quantify the
risk exposure parameters well enough to perform a precise analysis.

A similar approach can be accomplished to evaluate the benefit of a pure
opportunity or to analyze the risk-reward balance of compound opportunities and
risks.

The second fundamental risk quantity is the leverage available based on miti-
gation or assurance costs. Risk reduction leverage RRL is defined as follows:

RRL = (REpefore — REqfer) /risk reduction cost

With an RE o of 0.1 * $20M = $2M, the corresponding RRL values for the
“No IV&V” and “Do IV&V” options are:

RRL (No IV&V) = (2M — 1M) /400K = 2.5; and
RRL (Do IV&V) = (2M — 0.2M) /600K = 3.

Even stronger outcomes could be achieved via value-based prioritization of
IV&V activities (Li et al. 2010), as frequently 20 % of the defects impact 80 %
of the business value (Bullock 2000).

5.3.4 The Fundamental Risk Mitigation Strategies

There are five fundamental strategies that can be used to mitigate a risk: Risk
understanding via buying information, risk avoidance, risk transfer, risk reduction
and Risk Acceptance. Like the decision tree, these are equally useful in investigat-
ing opportunities:

* Risk Understanding. Sometimes, the best way of mitigating a risk is to gain
more insight into the problem. Buying information via prototyping to learn more
about requirements or COTS product interoperability can reduce or eliminate
risks.
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¢ Risk Avoidance. Avoiding a risk means taking actions that remove the risk from
the critical path or the project. For example, negotiating with the customer to
reduce a risky performance goal can effectively avoid the risk.

e Risk Transfer. Transferring risk involve an action that moves the risk from one
party to another, or shares the risk exposure between several parties such that no
single party is overly burdened.

* Risk Reduction. Actions can be taken that reduce the risk exposure by lowering
the probability or the magnitude of loss.

* Risk Acceptance. This is a decision that the risk exposure is low enough that the
project can succeed even if the risk occurs, or that the opportunity exposure for
success more than compensates for the risk exposure for failure. Accepting the
risks still implies that they need to be managed.

Here is an example of how each of these were used for a COTS selection options
analysis originally described in (Boehm and Bhuta 2008). Suppose that at the
beginning of a project, there is an opportunity to choose either a higher-
performance COTS product B or a comparable but lower-performance COTS
product C. Without further evidence about the relative merits of COTS products
B and C, the project would choose B. However, in this case, the project then finds
out during integration that B has serious architectural mismatches with another
project-essential COTS product A. This will cause the project to overrun by
3 months and $300 K.

At this point, the probability of this is 1.0, so it is not a risk but a problem. But
earlier, its nature was uncertain and should have been identified as a risk item
during an early milestone review by the experts reviewing the evidence that the
selected COTS products would successfully interoperate. It would then need to be
covered by a risk management plan in order to meet the review success criteria. A
risk management plan can use one or more of the main risk mitigation strategies, In
general, the best one to try first is Risk Understanding via buying information,
which will provide more insight on which of the other strategies to employ.

Risk Understanding. The project decides to spend $30 K prototyping the inte-
gration of COTS packages B and C with COTS package A. It finds the architectural
mismatches between A and B, and the likely resulting costs and schedules needed to
resolve them, and also finds that COTS package C would integrate easily with A,
but with a 10 % performance loss. This information enables the stakeholders to
better evaluate the other risk mitigation strategies.

Risk Avoidance. This option would be best if the customer agrees that the
reduction in performance is preferable to the prospect of late delivery, and agrees
to go with COTS product C rather than B.

Risk Transfer. However, if the customer decides that the increase in performance
is worth the extra time and money, the customer should establish a risk reserve of
3 months and $300 K to be used to the extent that it will be needed during
integration, but with award fees for the developer if less than the full risk reserve
will be needed.
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Risk Reduction. In order to eliminate the schedule risk, the developer and
customer agree to perform a parallel integration of A and B early in the project
with the added cost but with no delay in delivery schedule.

Risk Acceptance. The developer decides that having a proprietary solution to
integrating A and B will provide them with a competitive edge on future projects,
and decides to fund and patent the solution, while giving the customer a royalty-free
license to use it. From a risk/opportunity standpoint, the business case for having a
proprietary solution to integrating A and B would have given the developer a
sufficiently high payoff to generate a positive Opportunity Exposure for taking
this option.

Usually, some combination of the risk mitigation strategies will prove mutually
acceptable to all of the stakeholders. However, there will be some situations in
which there are irreconcilable differences between the stakeholders that leave the
project with no feasible options. In this case, it is best to have found this out early
rather than at the end of the project, and to discontinue the project with no further
expenditure of stakeholders’ resources, or to redefine the project scope in a way that
is mutually satisfactory to the stakeholders.

5.4 Risk and Opportunity Management Methods,
Processes, and Tools

This section elaborates on several particularly valuable risk and opportunity man-
agement methods, processes, and tools mentioned above. They are evidence- and
risk-based decision reviews, lean risk management plans, top-10 risk tracking, and
risk-balanced activity levels.

5.4.1 Evidence- and Risk-Based Decision Reviews

A major recent step forward in the management of outsourced projects has been to
move from schedule-based reviews to event-based reviews. A schedule-based
review says basically that, “The contract specifies that the Preliminary Design
Review (PDR) will be held on April 1, 2014, whether we have a design or not.”

In general, neither the customer nor the developer wants to fail the PDR, so the
project goes into development with the blessing of having passed a PDR, but with
numerous undefined interfaces and unresolved risks. Such shortfalls are the primary
source of large amounts of late rework, generally resulting in major project over-
runs and incomplete deliveries.

An event-based review says, “Once we have a preliminary design, we will hold
the PDR.” Such a review will generally consist of exhaustive presentations of
sunny-day briefing charts and UML diagrams. But in general, it will still have
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numerous unidentified shortfalls that will cause extensive project rework, overruns,
and incomplete deliveries. These shortfalls are uncertainties and probabilities of
loss, which when multiplied by size of loss become Risk Exposure.

Evidence- and risk-based decision reviews use evidence criteria embodied in a
Feasibility Evidence Description (FED). It includes evidence provided by the
developer and validated by independent experts that, if the system is built to the
specified architecture it will

1. Satisfy the specified operational concept and requirements, including capability,
interfaces, level of service, and evolution

. Be buildable within the budgets and schedules in the plan

. Generate a viable return on investment

. Generate satisfactory outcomes for all of the success-critical stakeholders

. Identify shortfalls in evidence as risks, and cover them with risk mitigation plans

[ I NS I )

A FED does not assess a single sequentially developed system definition element
(operational concept, requirements specification, architecture, development plan,
integration and test plan, etc.), but the consistency, compatibility, and feasibility of
several concurrently engineered elements. To make this concurrency work, a set of
milestone decision reviews are performed to ensure that the many concurrent
activities are synchronized, stabilized, and risk-assessed at the end of each phase.
Each of these reviews is focused on developer-produced and expert-validated
evidence, documented in the FED (or preferably to provide pointers to the results
of feasibility analyses, to avoid excessive documentation), to help the system’s
success-critical stakeholders determine whether to proceed into the next level of
commitment. Hence, they are called Commitment Reviews.

The FED is based on evidence from simulations, models, or experiments with
planned technologies and increasingly detailed analysis of development approaches
and project productivity rates. The parameters used in the analyses should be based
on measured component performance or on historical data showing relevant past
performance, cost estimation accuracy, and actual developer productivity rates. A
Data Item Description for contractual purposes is defined in Boehm et al. (2013),
based on earlier contributions such as (AT&T 1993; Boehm 1996; Royce 1998;
Kruchten 1999; Maranzano et al. 2005).

A shortfall in feasibility evidence indicates a level of program execution uncer-
tainty or probability of loss, and a source of program risk. It is often not possible to
fully resolve all risks at a given point in the development cycle, but known,
unresolved risks need to be identified and covered by risk management plans,
including the necessary staffing and funding to address them. The nature of the
evidence shortfalls, the strength and affordability of the risk management plans, and
the stakeholders’ degrees of risk acceptance or avoidance will determine their
willingness to commit the necessary resources to proceed. A program with risks
is not necessarily bad, particularly if it has strong risk management plans. A
program with no risks may be high on achievability, but low on ability to produce
a timely payoff or competitive advantage.
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1. Objectives (the “Why”)

2. Deliverables and Milestones (the “What” and “When”)
3. Responsibilities (the “Who” and “Where”)
4. Approach (the “How”)

5. Resources (the “How Much”)

Fig. 5.2 Lean risk management plan outline

5.4.2 Lean Risk Management Plans

The word “Plan” often conjures up a heavyweight document full of boilerplate and
hard-to-remember sections. Risk management plans should be particularly lean and
risk-driven as illustrated in the outline presented in Fig. 5.2 (a generally useful
outline for other plans as well).

Figure 5.3 (Boehm 1991) provides an example of how the outline might be used
to develop a risk management plan to conduct fault tolerance prototyping to
mitigate identified risks that the fault tolerance features might seriously compro-
mise performance aspects such as throughput, real-time deadline satisfaction, and
power consumption. It also shows the examples of the types of information to be
provided for responsibilities, the risk management approach, and the needed
funding resources.

5.5 Top-10 Risk Item Tracking

As discussed in Sect. 5.3.1, even medium-sized projects can identify up to
100 potential risks, but on the order of 10 is best for top-management focus. The
number 10 is not magical; it could be 7 or 12. The others can be put on a watch list,
and promoted to the top-10 if they become serious.

An example format for the top-10 risk item list is shown in Fig. 5.4. Each risk
item should identify the risk, and note its current and previous rank along with the
number of months (or other periodic project review frequency) it has been on the
list. The top-10 list should be the first item discussed in the monthly project review,
as it is the best vehicle for the project manager to indicate to her or his superiors
doing the review where the project will need their help. If this is done at the end of
the review, time will often run out before the needed help can be discussed and
acted on.
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4 N
1. Obijectives

Determine and reduce the level of risk of the fault tolerance features causing
unacceptable performance (e.g., throughput, response time, power consumption).
Create a description of and a development plan for a set of low-risk fault
tolerance features.

2. Deliverables and Milestones

By week 3:

Evaluation of fault tolerance options, assessment of reusable components,
draft workload characterization, evaluation plan for prototype exercise, and
description of prototype.

By week 7:

Operational prototype with key fault tolerance features, workload simulation,
instrumentation and data reduction capabilities. Draft description, plan for fault
tolerance features.

By week 10:

Evaluation and iteration of prototype, revised description and plan for fault
tolerance features.

3. Responsibilities

» System Engineer: G. Smith assigned to Tasks 1, 3, 4, 9, 11 and to support of
Tasks 5, 10

* Lead Programmer: C. Lee assigned to Tasks 5, 6, 7, 10 and to support of
Tasks 1, 3

* Programmer: J. Wilson assigned to Tasks 2, 8 and to support of
Tasks 5, 6, 7, 10

4. Approach

Design-to-Schedule prototyping effort, driven by hypotheses about fault
tolerance-performance effects, using multicore processor, real-time OS,
add prototype fault tolerance features.

Evaluate performance with respect to representative workload.
Refine Prototype based on results observed.

5. Resources

$60K Full-time system engineer, lead programmer, programmer
(= 10 weeks)*(3 staff)*($2K/staff-week)
SOK 3 Dedicated workstations (from project pool)
SOK 2 Target processors (from project pool)
SOK 1 Test co-processor (from project pool)
S10K Contingencies
\_ $70K Total )

Fig. 5.3 Sample lean risk management plan
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Mo. Ranking
Risk Item This |( Last |# Mo) Risk Resolution Progress
Replacing sensor-control | 4 N Top replacement candidate
software developer unavailable
Target hardware delivery delays| 2 5 2 | Procurement procedural delays
Sensor data formats undefined | 3 3 3 Action items to software,

sensor team; Due next month

Key reviewers committed;

Staffing of design V&V team 4 2 3 Need fault-tolerance reviewer

Fault tolerance prototype

R 5 1 3
compromise performance successful
Accommodate changes in data 6 ) | Meeting scheduled with
bus design data bus designers
Testbed interface definitions 7 8 3 Sornp delays In action items;
Reviewer meeting scheduled
User interface uncertainties 8 6 3 User interface prototype

successful

TBDs in experiment

. - 7 3 | TBDs resolved
operational concept

[
[
[
[
[ Softare fault-tolerance may
[
[
[
[

D A WS WA W/ A 7 7 7

Uncertainties in reusable Required changes small,
monitoring software successfully made

Fig. 5.4 Top-10 risk items list assuming monthly risk reassessment (Boehm 1991)

5.6 Risk-Balanced Activity Levels

How much evidence generation is enough? The amount of evidence for a commit-
ment decision should be proportional to the amount of risk involved in making the
decision. This may seem like circular reasoning, and it is in a way. But it can be
approached incrementally, which is the process used in the Incremental Commit-
ment Spiral Model (Boehm et al. 2014).

The risk-based decision heuristic of balancing the risks of doing too little
evidence generation with the risks of doing too much can be applied to most
decisions involved in systems and software definition, development, and evolution.
How much system scoping, planning, prototyping, COTS evaluation, requirements
detail, spare capacity, fault tolerance, safety, security, environmental protection,
documenting, configuration management, quality assurance, peer reviewing, test-
ing, use of formal methods, and feasibility evidence is enough? The best answer can
generally be found by considering and balancing the risks of doing too little with the
risks of doing too much. And the answer will generally not be the same for all parts
of the system. The higher-risk parts of the system will need more attention to detail
than the lower-risk parts, in order to reduce both the probability and size of loss
involved in getting it wrong.
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This Meta-Principle of Risk Balancing: Balancing the risk of doing too little and
the risk of doing too much of anything will generally find a middle course sweet spot
that is about the best you can do, is arguably the strongest contribution of risk
management to software project management.

Of course, there is nothing new about it. It is what Herb Simon was talking about
in preferring satisficing to optimizing; what Aristotle was talking about with the
golden mean; what the Confucians talk about with the doctrine of the mean, and
what the Buddhists talk about with the middle way. With all of these advocates, it
seems like a pretty good underlying meta-principle.

5.7 Summary and Conclusions

The fundamental quantity to be managed in risk or opportunity management is risk
or opportunity exposure. It is the product of the probability that a risk or opportunity
item will be realized (a measure of uncertainty) times the loss or gain impact of the
risk or opportunity item on the resulting system’s effectiveness (a measure of
value). Further aspects of uncertainty are addressed in Chaps. 2 and 3 on Cost
and Schedule Estimation and Chap. 11 on Agile Project Management.

Further aspects of value are addressed in Chap. 2 on defining success, Chap. 6 on
Quality Management, and Chap. 8 on Portfolio Management.

As uncertainty increases with changes in technology, competition, the environ-
ment, and social systems, and impact increases as software becomes increasingly
success-critical for systems (Neumann 1985), risk and opportunity exposure
become increasingly critical to software project management. Future technologies
likely to change and improve software risk and opportunity management are
search-based techniques as addressed in Chap. 15 and social media collaboration
support as addressed in Chap. 16.

Several techniques are presented on the components of risk assessment (risk
identification, analysis, and prioritization) and risk control (risk mitigation plan-
ning, execution, monitoring, and corrective action); options for risk mitigation (risk
understanding, avoidance, transfer, reduction, and acceptance); risk management
methods, processes, and tools (evidence-based decision reviews, decision trees,
lean risk mitigation plans, and top-10 risk item tracking). Arguably, the strongest
contribution that risk considerations can provide to software project management is
the meta-principle of risk balancing: balancing the risk of doing too little and the
risk of doing too much of anything will generally find a middle course sweet spot
that is about the best you can do.
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Part I1
Supporting Areas

Introduction

Software project management is conducted in a context where project management
actions will vary to reflect differences in this context. This includes areas such as
quality management systems, knowledge management, product management,
global software development and motivation of software engineers. In this part of
the book, we have invited some of the leading experts on the areas listed to present
some of the latest experiences and results in relation to these five areas. The authors
share their knowledge, insights and accompanying recommendations and conclu-
sions in five chapters in this part of the book.

In Chap. 6, Jens Heidrich, Dieter Rombach and Michael Klas highlight the need
to manage software quality as an important part of software project management.
The authors define and discuss the usage of software quality models in a project
management context. They stress some challenges in relation to quality manage-
ment and present solutions in relation to the challenges. The chapter starts with a
discussion about the need to select a suitable quality model and emphasizes that one
model may not fit in all different contexts. The authors provide an overview of
quality models, and continue with a discussion about tailoring quality models for
different contexts. The chapter ends with a discussion about the strategic usage of
quality models.

The authors of Chap. 7 argue that project management can benefit from inte-
grated project and system knowledge management. Barbara Paech, Alexander
Delater and Tom-Michael Hesse start by presenting their vision of integrating
system and project knowledge. They describe the benefits of this integrated knowl-
edge by mapping it to the knowledge areas in the Project Management Book of
Knowledge. Based on a systematic literature review, the authors discuss the capture
and use of decisions and work items in relation to software artefacts. They highlight
both the availability of tools and empirical evidence in relation to the links.
The authors continue by describing how decisions ought to be handled as explicitly
as work items. They argue that all too often decisions and rationales for decisions
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are insufficiently documented, although being important bearers of knowledge. The
chapter concludes with a discussion on further research in relation to the integration
of system and project knowledge.

In Chap. 8, Erik Jagroep, Inge van de Weerd, Sjaak Brinkkemper and Ton Dobbe
introduce a framework for product portfolio management. The authors take the
standpoint that a project contributes to a company’s products, and hence manage-
ment of software projects must be well aligned with the strategic goals of different
software products. The authors use a design science approach based on a literature
review and interviews to develop the framework. It is evaluated and improved
through the application of the framework in industry in several steps. The chapter
describes the resulting framework for product portfolio management and puts it into
the context of software project management. The chapter also includes a discussion
on a maturity matrix in relation to product portfolio management. Finally, the
implications of the product portfolio management framework are discussed.

Christof Ebert discusses challenges and opportunities in relation to managing
global software projects in Chap. 9. The chapter starts by presenting the main
reasons for global software development, namely, efficiency, presence, talent and
flexibility. Ebert continues with a discussion regarding the perceived challenges
and benefits of global software development. The author motivates the need for
matching process maturity between client and supplier based on empirical research.
The chapter also includes a discussion on how global software development is
impacted by the actual work organization. The author continues by discussing risks
in relation to global software development. The chapter concludes with a discussion
regarding trends in relation to globalization.

In Chap. 10, Sarah Beecham discusses motivational issues, in particular in
relation to managing globally distributed software projects and hence for software
engineers working in virtual teams. The author starts by introducing some of the
theories in relation to motivational aspects in general and then continues to discuss
the specifics in relation to software engineers and their characteristics. After this,
Beecham presents a case study on the motivation of software engineers in a global
software development context. Based on the case study, the author moves on to
discuss how recommended global software development practices affect motiva-
tional issues. The chapter concludes with a mapping of software engineer charac-
teristics and how compatible they are to working in a virtual team in a global
context.

The five chapters in this part give an in-depth insight into some areas that
provide a context for software project management. A project manager must be
able to navigate and work in these areas to conduct their often-challenging tasks.
The chapters are intended to support project managers in their daily tasks by
offering practical recommendations based on grounded research and experience.
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Chapter 6
Model-Based Quality Management
of Software Development Projects

Jens Heidrich, Dieter Rombach, and Michael Klas

Abstract Managing the quality of artifacts created during the development process
is an integral part of software project management. Software quality models capture
the knowledge and experience regarding the quality characteristics of interest, the
measurement data that can help to reason about them, and the mechanisms to use
for characterizing and assessing software quality. They are the foundation for
managing software quality in projects in an evidence-based manner. Nowadays,
coming up with suitable quality models for an organization is still a challenging
endeavor. This chapter deals with the definition and usage of software quality
models for managing software development projects and discusses different chal-
lenges and solutions in this area. The challenges are: (1) There is no universal
model that can be applied in every environment because quality is heavily depen-
dent on the application context. In practice and research, a variety of different
quality models exists. Finding the “right” model requires a clear picture of the goals
that should be obtained from using the model. (2) Quality models need to be
tailored to company specifics and supported by corresponding tools. Existing
standards (such as the ISO/IEC 25000 series) are often too generic and hard to
fully implement in an organization. (3) Practitioners require a comprehensive set of
techniques, methods, and tools for systematically specifying, adapting, and apply-
ing quality models in practice. (4) In order to create sustainable quality models,
their contribution to the organizational goals must be clarified, and the models need
to be integrated into the development and decision-making processes.
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6.1 Introduction

When it comes to managing and controlling software development projects, three
dimensions are typically addressed (assuming a defined functionality and project
scope): cost, time, and quality. A variety of measurement-based approaches have
been developed in recent years for managing and controlling projects in terms of
these three aspects. However, while well-established measures exist to quantify
cost and schedule aspects (such as those described in Chaps. 3 and 4), quality is a
less tangible concept. As a consequence, it is still a challenge today to objectively
measure software quality in early stages of the development process. Yet, being
able to manage and control software quality is an integral part of professional
project management (PMI 2008).

The difficulties become obvious when we take the definition of quality as being
the “totality of characteristics of an entity that bear on its ability to satisfy stated and
implied needs” (ISO 8402 1995). On the one hand, software systems are becoming
ever more complex (e.g., in terms of size, algorithms, and interfaces) and hetero-
geneous (e.g., in terms of development platforms and languages). This makes it
more difficult to systematically analyze their quality. On the other hand, quality is
heavily dependent on the application domain, the stakeholders, the usage context,
and the specific project environment. For example,

« Application domain: Safety-critical systems (such as automobiles or power
plants) require far different quality characteristics than information systems
(such as accounting software or web applications)

« Stakeholders: A top-level manager of an organization probably has a different
understanding of the term “‘software quality” than technical software develop-
ment personnel

¢ Usage context: Different mechanisms need to be considered when trying to
predict the final software quality at early stages of the development process
compared to measuring the actual quality of a software design or component

* Project context: Having contractor-subcontractor relationships in a project
requires a detailed understanding of what quality of externally delivered artifacts
is actually needed compared to doing in-house development only

Depending on these aspects, different characteristics are important, and different
techniques, methods, and tools have to be used as part of the software development
process to guarantee a certain level of quality.

Software quality models are a means for defining and operationalizing the term
“software quality.” The typical approach is to refine the abstract term into more
concrete subconcepts down to a level of detail where concrete metrics and indica-
tors can be assigned. Depending on the structure of such a model, mechanisms for
evaluating/assessing software quality are included. They support the stakeholders
of a quality model in interpreting the measurement data (e.g., by defining thresholds
distinguishing between acceptable and not acceptable quality) and in aggregating
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the results in order to allow them to come up with an evaluation/assessment of the
different quality characteristics of interest.

One of the most popular and extensive software quality models is published in
the ISO/IEC standard 9126-1 (2001) and the corresponding standard for software
product evaluation ISO/IEC 14598-1 (1999). It distinguishes three different views
on product quality:

e Internal Quality describes the characteristics of intermediate artifacts of the
development process required to satisfy internal quality requirements.

o External Quality describes externally visible quality characteristics of artifacts
of the development process required to satisfy external quality requirements.
They typically specify the quality of the product delivered to the customer.

e Quality in Use defines quality characteristics from the perspective of a user,
which are of importance when the software product that was delivered to the
customer is actually used.

The assumption underlying the definition of these views is that having high-
quality processes helps to obtain artifacts with good internal quality; creating
artifacts with high internal quality supports achieving a final product with good
external quality; and a product of high external quality leads to good user experi-
ence with the product, that is, good quality in use (ISO/IEC 9126-1 2001).

For all three views on software quality, the standard provides models defining a
breakdown structure of quality into subconcepts. For example, internal and external
quality is broken down into functionality, reliability, usability, efficiency, main-
tainability, and portability. Each of these high-level quality characteristics is broken
down into corresponding subcharacteristics. The models for internal and external
quality essentially comprise the same quality characteristics, but use different
metrics for actually measuring product quality in the end.

Recently, the successor to these two standards has been published, the ISO/IEC
25000 “Software Product Quality Requirements and Evaluation (SQuaRE)”
(ISO/IEC 25000-1 2005), which comprises a whole series of standards related to
quality management addressing models for product quality (external and internal
quality) and quality in use (2501n series), measuring product quality (2502n series),
and evaluating/assessing product quality (2504n series). Moreover, standards have
been added that address how to define and systematically derive quality require-
ments, that is, nonfunctional requirements of software products (2503n series).

The ISO/IEC standards specify a set of quality models that try to be generic
enough to be applicable for all kinds of software systems. Indeed, models proposed
to be universal, such as those described in the ISO/IEC standards, stay on a high-
level of abstraction, making it difficult to instantiate and apply them. In literature, a
variety of more specific software product quality models can be found for different
application domains, stakeholders, usage purposes, and project environments (Klés
et al. 2009). However, in practice, it is quite difficult to sustainably apply these
models for managing the quality of the outcome of a software development project
(Wagner et al. 2010b) (overview):



128 J. Heidrich et al.

Challenge 1: There is no universal quality model that can be applied in every
environment. In practice and research, a variety of different quality models
exists. Finding the “right” model requires a clear picture of the goals that should
be obtained from using the model in a software development project. Goals may
range from getting a common understanding of important quality characteristics
when specifying requirements to determining the maintainability of the source
code to getting early indicators for potentially failing performance or reliability
targets. In order to quantitatively manage the fulfillment of the nonfunctional
requirements of a product under development, having the right model is essen-
tial. Otherwise, there is a high risk of a lot of effort being spent on collecting data
of limited use for the success of the project

Challenge 2: Quality models need to be tailored to company specifics and
supported by corresponding tools. Existing standards (such as the ISO/IEC
25000 series or the predecessor ISO/IEC 9126) are too generic and hard to
fully implement in an organization. Moreover, it is difficult to come up with
reliable measures and evaluation criteria. Nevertheless, quality models as pro-
posed in respective standards may be a good starting point. However, if models
are not further tailored, there is a high risk that either the models will not find all
quality issues, which will in turn lead to bad product quality, or the models will
find too many issues, which will be hard to prioritize and comprehensively
address in the project

Challenge 3: Cost-effective application of quality models requires a compre-
hensive framework to facilitate their specification, adaptation, and practical
usage for software product evaluation/assessment. Without such a framework
that can be used right out of the box, more effort will typically be spent on
thinking about how to construct and implement such quality models from scratch
than on actually thinking about the content of the models itself and about how
product quality can effectively be managed in a development project
Challenge 4: In order to create quality models that are sustainably used for
decision-making, their contribution to and value for the organizational goals
have to be clarified, and the models need to be integrated into development and
decision-making processes (e.g., by defining appropriate quality gates). Without
this integration effort, model-based quality management remains a project-
specific effort largely dependent on the mechanisms the project manager wants
to use for managing product quality. In order for models to be used effectively,
the organization as a whole needs to implement a framework to think about
software quality and how this contributes to their overall strategy across multiple
development projects

This chapter deals with the definition and usage of software quality models for

monitoring and controlling the quality of artifacts produced during the software
development life cycle. It discusses the different challenges mentioned above in
more detail and illustrates solutions based upon first-hand experience from different
industrial applications.
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Fig. 6.1 Overview of the structure of Chap. 6

Figure 6.1 gives an overview of the content of this chapter and embeds it into the
context of project and quality management. The order in which companies are
typically confronted with the introduced challenges determines the order of the
subsequent sections: Sect. 6.2 deals with the selection of suitable quality models for
a specific organization (Challenge 1), Sect. 6.3 deals with a process for building
custom-tailored models that can be used for evaluating product quality during the
software and system development process (Challenge 2), Sect. 6.4 introduces a
recently finalized, comprehensive framework for specifying and applying quality
models in practice (Challenge 3), and Sect. 6.5 deals with integrating quality
models into organizational goals and strategies (Challenge 4). Section 6.6 summa-
rizes the chapter and gives an outlook to future work.

6.2 Selecting the Right Quality Models

In practice and research, a variety of different quality models exists that is designed
for different application domains, stakeholders, usage contexts, and project envi-
ronments. The difficult question is: Which quality models are relevant and can be
applied in a given environment? To answer this question, a clear picture of the
underlying goal to be achieved by a quality model is required. In order to state this
goal more precisely, some key questions have to be answered, such as

e Which artifacts of the development process should be analyzed (e.g., require-
ments document, architecture, design, or code)?
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» For which purpose should the model be used (e.g., measuring the product quality
of some artifacts or predicting the quality of the final software product delivered
to the customer)?

e Which quality characteristics are of interest (e.g., quality in general or some
subcharacteristics, such as maintainability or reliability)?

¢ Which stakeholders want to use the analysis results (e.g., project managers,
suppliers, developers)?

¢ In which environment and context is the model to be applied (e.g., in the
development of safety-critical embedded systems or web-based services)?

A systematic literature review and state-of-the-practice survey (Klés et al. 2009)
revealed 79 product quality models' ranging from general standards related to
software product quality, such as IEEE 1061 (1998), ISO/IEC 9126-1 (2001),
ISO/IEC 25000-1 (2005), IEC 61508-1 (2010), ISO/IEC 14598-1 (1999), or
ISO/IEC 15939 (2007) via domain-specific standards such as MISRA (1995),
ECSS (1996), or UKMD (1997) to quality models from academic research, such
as Cavano and McCall (1978), Boehm (1978), Dromey (1998), or Avizienis
et al. (2001). It is beyond the scope of this chapter to discuss these models in
general. However, for illustrating purposes, Fig. 6.2 gives an overview of the
quality models identified and their year of creation, distinguishing between official
and de facto standards, models that are actually applied in practice, and models
having a more scientific background. Furthermore, it separates models addressing
quality in general (dark gray boxes) from models addressing specific quality
characteristics (light gray boxes).

If a suitable quality model or a set of quality models needs to be identified, a
classification scheme is needed for distinguishing among the different types of
existent models. The scheme presented in Klis et al. (2009) discusses the following
dimensions:

(a) Structural components: How is the quality model structured? What structural
components are supported? For example, models can include structures for
refining quality characteristics, for measuring quality characteristics, for eval-
uating measurement data, for aggregating results, etc.

(b) Quality modeling goal: What is the goal addressed by the quality model? In
particular, who will use the model, for which purpose, to address which aspects
of quality, and on what kinds of artifacts?

(c) Model instantiation: Does the quality model only prescribe a structure for
specifying quality models (called metamodel) or does it also include an instan-
tiation of that structure [i.e., a specific quality model such as those described in
ISO/IEC 25010 (2011)?]

' A product quality model is a conceptual or mathematical model addressing one or more relevant
characteristics of certain types of work products (such as requirements, design, code, documen-
tation, or the final product) with the objective of better understanding and dealing with these
characteristics (e.g., by specifying or quantifying them or correlating them with others).
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Fig. 6.2 Quality model landscapes

(d) Method for instantiation/adaptation: Is a procedure provided to instantiate
the provided metamodel or adopt/tailor the presented quality model to specific

needs?

(e) Dissemination: What is the degree of dissemination of the quality model? For
example, is it only used in a scientific context, is there some evidence that it is
actually applied in practice, or is it an official or de facto standard?

(f) Tool support: Is the quality model tool-supported in terms of specifying and
adapting the model as well as actually applying the model to software products?
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For example, there may exist commercial tool support, only prototypical tool
support, or no tool support at all.

Based on the work in Klis et al. (2009), the following subsections give further
insights into what structural components of models look like (dimension a), discuss
the specification of quality modeling goals (dimension b), and describe quality
model landscapes as a means for systematically selecting suitable models (based on
dimensions a—f).

6.2.1 Structural Components

Figure 6.3 depicts a graphical illustration of typical structural components of
quality models. Mainly depending on the application purpose, different components
are required by different quality models.

In general, two different parts of a model can be distinguished. The left side
shows components related to the quality focus; that is, the quality characteristics of
interest. The right side shows the components related to so-called variation factors,
that is, factors that explain variances when analyzing quality characteristics. For
example, the maintainability of a piece of software (as one characteristic in the
quality focus) may be influenced by the experience of the developers or the amount
of reuse that was performed (as two potential variation factors).

The relationships between quality focus characteristics and variation factors may
be expressed qualitatively or quantitatively. For example, a quality model may
specify that developers with higher experience produce software that is easier to
maintain (quantitative expression), or it may specify that by increasing the average
experience of the developers by 1year, maintenance costs can be reduced by 10 %
(quantitative expression). Most quality models rely on qualitative relationships or
do not specify variation factors at all. The reason for that is that in order to be able to
make such statements, a very thorough understanding of the impact relationships is
required. From building cost estimation (Trendowicz et al. 2006) and defect
prediction models (Klds et al. 2010b) (prediction), we know that the variation
factors themselves and especially the quantitative relationships highly depend on
the particular organization for which such a model is built.

The quality focus may be further refined by a breakdown structure of concepts
(typically quality characteristics). For example, ISO/IEC 25010 refines maintain-
ability into modularity, reusability, analyzability, modifiability, and testability.
These subconcepts may then be quantified using concrete metrics that can be
used for actually measuring the subconcepts. For example, ISO/IEC 25021
(2012) defines concrete metrics for measuring the subconcepts of maintainability.
In addition, a quality model may define evaluation criteria for interpreting the
measurement data and evaluating/assessing the concepts of interest. For example,
ISO/IEC 25040 (2011) defines a quality evaluation reference model and guide.
Finally, a quality model may specify a procedure for aggregating the evaluation
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results of the measurement data, resulting in an overall statement regarding the
main concept (across the different refinement levels). For example, if a unique
evaluation scale is defined for all concepts, the aggregation may be as simple as the
weighted average across the results of all relevant subconcepts, or it may make use
of advanced techniques from the field of multi-criteria decision analysis (MCDA)
(Trendowicz et al. 2009).

Variation factors can be refined, quantified, evaluated, and aggregated in a
similar way as the quality focus (e.g., the concept of developer experience can be
refined into domain and programming experience and can be quantified by the
respective years of professional experience).

In Sect. 6.3, we present the creation of an example quality model for assessing
maintainability, which is a good illustration of the structural components discussed
above (Fig. 6.2).

A quality model may be characterized according to the structural components
supported by the model. This gives valuable information about what can actually be
accomplished in practice when using the model. For example, if a model does not
specify evaluation rules, it is possible to measure quality characteristics, but it is not
possible to evaluate/access the product’s quality (which can be perfectly alright
depending on the goals related to the use of the model).

6.2.2 Quality Model Goal

Klds et al. (2009) use the Goal-Question-Metric paradigm (GQM) (Basili
et al. 1994a) as a schema for specifying the goals related to using a quality
model. The GQM approach is a de facto standard for defining goal-oriented
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measurement programs. It supports organizations in clearly specifying measure-
ment goals and systematically deriving metrics from these goals. The GQM goal
template distinguishes five parameters that can easily be reused for specifying
quality modeling goals:

Object: Specifies the object that is analyzed by the quality model, for example,
one or several types of artifacts from the development process, such as require-
ments specifications, design documents, or code (or parts thereof)

Purpose: Specifies the usage purpose for which the quality model is built, such
as characterization, understanding, evaluation, prediction, or improvement
Quality focus: Specifies which quality characteristics are analyzed, for instance,
product quality in general or certain quality characteristics as defined by ISO
25010, such as maintainability, reliability, or usability

Viewpoint: Specifies the stakeholders interested in the results obtained by
applying the quality model, for example, a quality manager (for assuring product
quality at certain milestones of the development process) or a developer (for
identifying quality issues and improving the quality of the affected artifacts)
Context: Specifies the organizational scope of the quality model and the appli-
cation domain covered by the quality model, for example, the model might focus
on software developed in a certain business unit or on artifacts created for a
certain class of projects; the model may be constructed for the domain of
embedded software systems, management and information systems, or web
applications

Figure 6.4 illustrates potential usage purposes of quality models (based upon

typical GQM purposes) in connection with the structural components of a quality
model needed for supporting these purposes:

1.

Specify: The model is only used for specifying the term “product quality” by
refining it into subqualities. Such models specially help to structure quality
requirements or issues and define a common understanding of quality. For
example, ISO/IEC 25010 defines a breakdown structure of quality
characteristics

. Measure: The model is used for quantifying quality characteristics by using

metrics. For example, an organization wants to determine a baseline for software
product quality based on the measures defined in ISO/IEC 25022

. Monitor: The model is used for identifying trends in quality-related figures and

making sure that a certain level is maintained by monitoring measurement data
(values of metrics) over time. For example, an organization wants to make sure
that the interface complexity of software components does not increase

. Assess: The model is used for assessing/evaluating the quality of dedicated

artifacts by checking that quality requirements are fulfilled. For example, it is
checked that the application’s response time is less than 2 s

. Control: The model is used for assessing product quality periodically or at

certain points of the development process. For example, product complexity is
checked against a defined threshold every week
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6.

Improve: The model is used for improving quality characteristics by manipu-
lating and controlling variation factors that have an impact on these character-
istics. For example, coding guidelines (as a variation factor) are introduced to
increase maintainability (as a quality characteristic)

. Manage: The model is used for managing product quality over time by control-

ling product quality periodically or at certain points of the development process
and making use of variation factors if quality requirements are not fulfilled. For
example, involving more experienced developers (as a known variation factor) if
the design of the system has some significant quality issues

. Estimate: The model is used for estimating quality characteristics by making

use of variation factors (e.g., because the quality characteristics cannot be
measured directly). For example, Capture-Recapture models estimate the num-
ber of remaining defects by using the information about the number of joint
defects found by different reviewers of the same artifact (Petersson et al. 2004)

. Predict: The model is used to predict quality characteristics in the future, based

on variation factors that can be measured earlier. For example, this is the
principle of cost estimation models, but also of models that try to predict the
number of defects in a delivered software product at early stages of the devel-
opment process, such as Klis et al. (2010b) (prediction). Where estimation
models are used to determine the present but unknown state of a quantity such
as the number of defects in the currently investigated artifact, prediction models
make statements about the future, such as the prospective performance of the
final product based on the analyzed design documentation
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6.2.3 Quality Model Landscapes

Quality model landscapes make use of the classification scheme described at the
beginning of this section to provide an overview of available quality models and to
allow selecting those models that best fit the needs of an organization. An organi-
zation specifies its needs in terms of analyzing software product quality by filling in
the classification scheme and thinking about the structural components needed, the
goals related to using the quality model, and the other dimensions mentioned above.
The landscapes presented in this chapter are based on the work described in Klids
et al. (2009) and combine the results of a literature review and a survey targeting
practitioners and their experiences with quality models (Wagner et al. 2010a)
(survey).

For example, the quality model overview diagram (Fig. 6.2), which was intro-
duced in the beginning of this section, illustrates a simple quality model landscape
visualizing three dimensions: (1) the creation date of the model (from the context
information of field b of the classification scheme); (2) whether quality in general is
addressed or a specific aspect (from the quality focus information of b); and (3) the
dissemination of the models (from field e of the scheme).

Table 6.1 shows another quality model landscape illustrating the number of
quality models identified in a systematic literature review and presented in Fig. 6.2
according to two other dimensions: (1) the usage purpose and (2) the main quality
focus addressed as mentioned in the model descriptions. For example, if an
organization wants to estimate the number of defects, seven potential models are
of interest. As can be seen in the table, most of the models from the survey deal with
product quality in general and support the specification, measurement, or assess-
ment of product quality. Models considering the defect-proneness of products are
mainly estimation or prediction models.

6.3 Building Custom-Tailored Quality Models

This section deals with how to build a custom-tailored quality model in practice.
First, general strategies and the high-level construction process are shown. After-
ward, the detailed steps for constructing a concrete model are illustrated.

There are two contrary strategies that can be followed: (1) An existing quality
model may be selected (such as the one from ISO/IEC 25000) and applied or (2) a
new custom-tailored model is built from scratch that exactly fits the needs of an
organization. In this section, we will first discuss these two extremes and then
explain why and how to combine these strategies to overcome their limitations.

The advantage of the first strategy is that a set of predefined quality character-
istics and metrics is available that were elicited based on the knowledge and
experience of experts from other organizations and institutions. The disadvantage
is that existing quality models are often quite abstract and therefore hard to use out
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of the box. For example, the metrics proposed for the ISO/IEC 25000 series are very
hard to implement in an organization. Another disadvantage is that the more
detailed existing models were created for a certain context and cannot be trans-
ferred to a different context that easily. For example, a quality model that was
designed for embedded systems cannot be directly transferred to and applied to
information systems.

The advantage of the second strategy is that the model ideally fits the specific
needs of an organization and can be designed in such a way that it integrates already
available measurement data and data collection tools and fits into the organizational
and development processes. The disadvantage is that guidance is needed for
building up a meaningful quality model; therefore, expert knowledge and experi-
ence are needed. Moreover, this is a labor-intensive process and involves experts
experienced in model building as well as experts of the corresponding organization
the model is being built for. According to Wagner et al. (2010a) (survey), more than
70 % of 125 respondents of a survey employ company-specific models (either
developed from scratch or tailored on the basis of company-specific requirements).

Kitchenham et al. (1997) propose a combination of these two strategies to
overcome this gap by first choosing the most appropriate existing quality model
and, then reusing this model or parts thereof for defining a custom-tailored model.

Figure 6.5 illustrates a process for developing a company-specific quality model
based on the Quality Improvement Paradigm (QIP) (Basili et al. 1994b):

1. Characterize: Define the scope and application environment in which the
organization wants to use the quality model

2. Set goals: Define the quality modeling goals (using the goal parameters intro-
duced in the previous section), analyze the suitability of existing models with
respect to these goals, select the most appropriate quality model if existent, and
then adapt the model to the specific needs of the organization or build the model
from scratch if no existing model could be found

3. Choose process: Define a measurement plan containing a list of metrics and
additional data about who is responsible for collecting this data at which point in
time of the development process. Define mechanisms/processes for data collec-
tion, processing, and visualization as well as corresponding tool support. The
latter includes integrating the usage of the quality models at predefined stages of
the development process

4. Execute: Apply the quality model to artifacts of the development process,
collect measurement data, and assess/evaluate product quality based on evalu-
ation guidelines

5. Analyze: Analyze and validate the assessment results and check the validity of
the quality model

6. Package: Improve the quality model, if needed, and initiate actions for improv-
ing the software product quality, if needed

The following sections give a practical usage example of the process as
described above based upon a real industrial application. For reasons of
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Fig. 6.5 Developing custom-tailored quality models

confidentiality, the original quality modeling goals, the quality model itself, as well
as the analysis results have been carefully modified.

Additional industry-related lessons learned from building custom-tailored qual-
ity models following the process shown above can also be found in Lampasona
et al. (2012).

6.3.1 Characterize: Define Environment and Scope

The first step is about defining the scope and application environment in which the
organization wants to use the quality model. Our example organization develops
safety-critical systems. In recent years, more and more functionality has been
implemented as software. However, software is usually developed by external
suppliers and delivered to the system manufacturer as an integrated unit containing
the software as well as the hardware (processors, controllers, memory, etc.) the
software runs on. The manufacturer has to integrate all these delivered units into an
overall system and ensure that they can communicate with each other. The scope of
the quality model has been defined as focusing on the software components
developed by external suppliers and their integration into the overall system.

6.3.2 Set Goals: Define Goals and Build Quality Model

The second step is about defining the quality modeling goals, analyzing the
suitability of existing models with respect to these goals, selecting the most
appropriate quality model, and adapting the model to the specific needs of the
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organization. The major organizational goal behind the usage of the quality model
is the reduction of maintenance costs. This should be achieved by ensuring that the
software components are of high quality in order to reduce problems during
integration, testing, and rework. For this reason, the main goal related to software
development is to improve the maintainability of a software component delivered
by external suppliers. For assessing/evaluating the quality of the software delivered,
a quality model is used.
The quality modeling goal is as follows:

* Object: Software components delivered (mainly code and interfaces)
¢ Purpose: Evaluation/assessment

¢ Quality focus: Maintainability

¢ Viewpoint: Quality manager and external supplier

» Context: Construction of safety-critical embedded systems

Based on this goal specification, ISO 25010 was used as a reference quality
model. However, it was decided to establish custom-tailored metrics and
corresponding evaluation rules for measuring and assessing quality characteristics
of interest. The tailoring was performed by external quality modeling experts based
on a series of workshops and interviews. First, structured interviews with domain
experts from the organization were performed, and an initial quality model based on
ISO 25010 was created. After that, the model was reviewed and discussed with a
broader group of stakeholders (quality managers and suppliers) for achieving a
basic consensus among the experts.

An overview of the model obtained is presented in Fig. 6.6. Basically, the quality
model created consisted of two parts: one part containing quality characteristics
directly related to maintainability and another part containing variation factors
influencing maintainability. The main focus should be on analyzability and adapt-
ability. As a consequence, only these two quality characteristics were refined
following the classical GQM approach in order to determine metrics that fit these
characteristics. For each characteristic, a few metrics were assigned, grouped into
different technical topics. For example, analyzability is measured based on the
coupling of internal software components. Coupling is measured using standard
metrics such as Fan-In (ingoing relationships), Fan-Out (outgoing relationships),
and Coupling between Objects (CBO) (Dorr et al. 2004). The variation factor part
of the model contains, for example, metric groups related to the logical and physical
partitioning/distribution of the software functionality that cannot be influenced by
the pure software component, such as a high coupling with other units and the
software components of those units. In our example, this cannot be influenced by
the external software supplier and becomes part of the variation factor model.

Each metric, group of metrics, quality characteristic, and variation factor has a
certain weight that defines how important the respective element is with regard to
the parent element. Evaluation rules (employing simple mathematical functions)
provide a mapping between measurement values and an evaluation scale. After-
ward, a weighted sum is calculated for the groups, quality characteristics, and
variation factors considered. The top-level grades make statements about the
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Fig. 6.6 Example quality model for maintainability

maintainability of the delivered software components and external factors that may
explain variations between the quality characteristics.

There are several options regarding how to define evaluation rules, such as
Trendowicz et al. (2009), and create a mapping function. The difficult part lies in
identifying meaningful thresholds for distinguishing between good and bad values.
An organization may retrieve values from literature. However, these values nor-
mally need to be adapted for the specific usage context. Therefore, most organiza-
tions building quality models create their own database of measurement values and
perform some statistical analysis on these values in order to find realistic values and
thresholds.

The assessment scale for quality characteristics was defined from 1 = very bad
maintainability, 2=bad, 3 =neither good nor bad, 4 =good, to 5=very good
maintainability. The assessment scale for variation factors was defined from
1 =very negative influences on maintainability, 2 =negative influences, 3 =no
influences, 4 = positive influences, to 5 = very positive influences on maintainabil-
ity. For example, if maintainability was rated with 4 and the variation factors were
rated with 2, the software component provided good maintainability despite the fact
that there was a negative influence.

6.3.3 Choose Process: Set Up Data Collection and Analysis

Step 3 is about defining a measurement plan as well as mechanisms/processes for
data collection, processing, and visualization as well as corresponding tool support.
Table 6.2 presents the measurement plan (Differding 2001) that was created for the
quality model, gives a list of all metrics, and defines the range of measurement
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Table 6.2 Measurement plan

ID Range Collection time Data source Resource
% Documented % Quality Gates Static Code Analyzer Supplier
LOC/Function R Quality Gates Static Code Analyzer Supplier
Average McCabe R Quality Gates Static Code Analyzer Supplier
Fan-In N Quality Gates Static Code Analyzer Supplier
Fan-Out N Quality Gates Static Code Analyzer Supplier
CBO N Quality Gates Static Code Analyzer Supplier
Nesting Depth N Quality Gates Static Code Analyzer Supplier
% Generated % Quality Gates Static Code Analyzer Supplier
Physical Size N Quality Gates Interface Data Manufacturer
Physical Fan-In N Quality Gates Interface Data Manufacturer
Physical Fan-Out N Quality Gates Interface Data Manufacturer
Logical Size N Quality Gates Interface Data Manufacturer
Logical Fan-In N Quality Gates Interface Data Manufacturer
Logical Fan-Out N Quality Gates Interface Data Manufacturer
% Load % Quality Gates Questionnaire Supplier

values, the point in time of the development process when the data should be
collected (and analyzed), the data source, and who is responsible for data collection.

A questionnaire was created to get manual measurement data from external
suppliers. Moreover, a static code analysis tool was used for extracting code
metrics. Due to confidentiality reasons, the code was analyzed on the suppliers’
side, and only the measurement values were exchanged. Moreover, interface data
was extracted from the configuration database of the organization (containing an
overview of all units provided by the suppliers and their interfaces). The organiza-
tion decided to store all data in a relational database for further analysis and
visualization. Figure 6.7 gives an overview of the general procedure for collecting
and analyzing the data at certain quality gates of the organization’s development
process:

« Raw measurement data is collected from different artifacts of the development
process (in our case, basically code and interface data) based upon the metrics
defined in the quality model. This process is driven by the data collection
resources mentioned in the measurement plan. The raw measurement data is
stored in a database

e Afterward the measured artifacts are evaluated on the basis of the evaluation
rules defined in the quality model. An assessment report is created containing the
results of the evaluation. This process is driven by experts for the quality model
(typically people from the quality management part of the organization and/or
external measurement experts)

* The assessment results are discussed with the relevant stakeholders, in this
example the suppliers and the responsible project manager of the organization.
A list of countermeasures is created for coping with the weaknesses identified in
the quality assessment. The succeeding quality assessment, conducted after the
next quality gate of the development process, will check whether the defined
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countermeasures had the intended effect and probably make some adjustments,
so that an overall feedback loop is created

6.3.4 Execute: Use the Quality Model for Evaluation/
Assessment

Step 4 is about applying the quality model to artifacts of the development process,
collecting measurement data, and assessing/evaluating product quality based upon
evaluation guidelines. The maintainability quality model was applied to 20 already
delivered software components of different external suppliers of the organization.
Measurement data was collected according to plan, the data was mapped to the
evaluation scale described above, aggregated according to the defined weightings in
the quality model, and finally, the quality of the delivered software components was
analyzed by means of pairwise comparison. In order to avoid comparing apples and
oranges, only meaningful comparisons were selected.

The main purpose of the first application of the quality model was to execute a
proof of concept and calibrate the model for future usage. To define reliable
baselines, more software components would have to be analyzed to allow sound
statistical analyses. An example comparison of two software components can be
found in Table 6.3. As can be seen from the table, SC1 was evaluated as having
good maintainability (4.0 on a scale from 1 to 5) despite having a slightly negative
influence on maintainability resulting from the external variation factors (2.5). In
contrast, SC2 was evaluated as having poor maintainability (1.75) while having a
slightly positive influence on maintainability (3.5). The same argument is generally
true for both of the quality subcharacteristics analyzability and adaptability.
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Table 6.3 Example results SC1 SC2
comparing software
components SC1 and SC2

Quality focus area

QF: Maintainability 4.00 1.75
— QI: Analyzability 3.50 2.00
— Q2: Adaptability 4.50 1.50
Variation factor area

VF: impact on maintainability 2.50 3.50
— EQ1: impact on analyzability 2.00 4.00
— EQ2: impact on adaptability 3.00 3.00

6.3.5 Analyze: Analyze Evaluation/Assessment Results

Step 5 is about analyzing and validating the assessment results and checking the
validity of the quality model. For this purpose, the assessment results were com-
pared with expert statements from the organization regarding the actual maintain-
ability of the software components in practice. The experts gave pairwise ratings
about which software component is actually better in terms of maintainability. The
quality model rated the software components in the same way as the experts in 90 %
of all cases. For the 10 % of failed ratings, the organization observed a significant
difference in the requirements implemented in the software component. Because of
the limited number of data points, no general statement about the validity of the
quality model could be made at that point in time.

6.3.6 Package: Define Improvement Actions

Step 6 is about improving the quality model if needed and initiating actions for
improving software product quality. In our example case, the analysis results were
discussed in a workshop, and feedback to the data collection resources was pro-
vided. The evaluation results of the software components were traced back to
concrete metric results (e.g., high coupling, complexity) and corresponding
improvement actions have been launched for refactoring the components. Further-
more, based on this discussion, the following improvement actions were defined for
the future use of the quality model in the organization:

¢ Increase the number of analyzed software components and cluster them
according to the different types of units to improve the interpretability of the
results

¢ Analyze the distribution of measurement values in the database to establish more
reliable baselines/thresholds for the different clusters identified

» Focus on automatic data collection to reduce data collection effort

¢ Set up means for dealing with missing data to increase the robustness of the
quality model
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6.4 Specification and Application of Quality Models

The previous sections illustrated how to select an appropriate quality model and
how to adapt and make use of such a model in practice for systematically analyzing
the quality of software products. However, there is little tool support available for
specifying, customizing, and applying these models. This makes it hard and very
effort-consuming to develop complete and consistent quality models. A compre-
hensive framework is needed for the cost-efficient specification, adaptation, and
practical usage of quality models. This problem was addressed in the Quamoco
research project, which aimed at creating a “Quality Standard for Software-
Intensive Systems” (Wagner et al. 2012).

The major motivation was the lack of a mandatory, applicable, and tool-
supported quality standard for software development comparable to standards in
other industries. A large number of different quality models addressing different
goals exist (as seen in Sect. 6.2). However, the existing models are hard to use
because the abstraction level is often too high, and it is difficult to come up with
reliable and collectable measures. Moreover, adapting/tailoring the models to the
specific needs is an effort-consuming process. There is also a lack of reliable
evaluation criteria and little support for the meaningful aggregation of quality
assessment results, which inhibits meaningful comparisons and benchmarking.

The Quamoco approach implemented the idea of balanced quality models,
which means that detailed but highly adaptable core models are provided together
with a fine-grained customization process (Klds and Miinch 2008). In Quamoco, the
core consists of a quality base model comprising quality characteristics, metrics,
and evaluation rules that are essential for all kinds of software-intensive systems.
Based on this base model, different domain-specific extensions were created
together with appropriate domain experts from various industries (e.g., for infor-
mation systems, embedded systems, custom software development, etc.). These
domain-specific quality models can be customized to the specific needs of an
organization (or a part of an organization) using the Quamoco tool suite.

The tool suite supports a user in selecting an appropriate domain-specific model
and tailoring this model to the specific needs of the organization by removing or
modifying existing parts or adding completely new entities to the model. Further-
more, all models have default connections to measurement instruments actually
collecting and analyzing the data and feeding the analysis results back into the
model. Figure 6.8 shows a screenshot of the Quamoco quality model editor (down-
loadable from http://www.quamoco.de). As general quality models tend to become
complex, visualization support is essential to get an overview of the quality
characteristics addressed and the relationships modeled. The figure shows a sun-
burst (Stasko 2013) diagram visualizing the model structure of the Quamoco base
quality model (which is available at http://www.quamoco.de), together with the
evaluation results for an analyzed system. The right part of the sunburst shows the
hierarchy of quality characteristics.
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Fig. 6.8 Quamoco quality modeling tool suite

The left side comprises the measured product-related factors (variation factors)
in the model. Each quality characteristic is impacted by different product-related
factors; the lines visible in the figure indicate all product-related factors impacting
the quality characteristic Resource Utilization (the right hand-side target of all
visible lines). The information pane next to the sunburst shows the results of the
selected quality characteristic for the system under evaluation (Log4J, a Java-based
logging mechanism). The color encoding of the sunburst diagram indicates the
evaluation results of quality characteristics and technical factors (from “green”
equaling no quality issues to “red” equaling many quality issues). Furthermore, the
tool supports tracing down the identified quality issues to concrete findings in the
analyzed artifacts.

The major outcomes of the Quamoco project can be summarized as domain-
independent as well as domain-specific quality models, an approach for tailoring
these models to the specific needs of an organization, a method for assessing the
quality of software products, and, finally, tool support for the specification and
application of quality models.

The sections below provide additional insights into the metamodel used for the
specification of quality models and the approach taken for evaluating/assessing
software product quality.
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Fig. 6.9 The Quamoco metamodel for embedded systems, [cf. Mayr et al. (2012)]

6.4.1 The Quamoco Quality Metamodel

The underlying metamodel used for the specification of Quamoco quality models is
quite generic, with the intent being sufficient expressiveness to model quality in
diverse environments with different perceptions on quality (Klids et al. 2010a)
(meta-models). An overview exemplified by an excerpt of the domain-specific
model for embedded systems (Mayr et al. 2012) can be seen in Fig. 6.9. The left
side illustrates the structural components of the metamodel. The right side illus-
trates these structural components with excerpts from the quality model for embed-
ded systems.

» Abstract Factors: An abstract factor can describe any concept (e.g., quality
characteristic or variation factor) that is considered in a quality model. In the
embedded systems model, four types of factors are distinguished:

Technical Factors define technical properties of entities that are independent
of the programming language (such as having “valid pointer references”).
ISO Quality Aspects describe ISO 25000 quality characteristics (such as
“reliability” or “functional” correctness)

Requirements describe quality requirements impacted by technical factors
(such as “avoiding wrong and invalid references”)

Goals describe technical goals related to quality requirements (such as having
“safe software systems”)

« Entity and Property: A factor may further be described by an entity and a
property it refers to. For example, the technical factor “reference validity of
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assignment statements” addresses the entity “assignment statement” (as part of a
source code) and the property “reference validity.”

» “Refined by” Relationship: A factor can be refined into subfactors. However, a
factor can only be refined by factors of the same type. For example, the quality
aspect “suitability” is refined by the quality aspect “functional correctness.”
Refinement, abstract factor, entity, and property elements together implement
the refinement concept (cf. Sect. 6.2.1).

* “Influenced by” Relationship: The relation states whether a factor positively or
negatively influences another one and provides a textual justification for this
relationship. However, impacts can only be modeled between factors of different
types. For example, the technical factor “valid pointer references” influences the
requirement “avoiding wrong and invalid references.” The impact elements add
the possibility to specify quality relationships as introduced in Sect. 6.2.1

e Measure: Factors can be quantified by measures. A measure is actually
implemented by measurement instruments, which in turn are provided by mea-
surement tools. For example, the technical factor “reference validity of assign-
ment statements” is measured by the measure “PC-lint 604,” which is provided
by the “PC-lint” tool. In general, a measure may be implemented by different
tools. For example, the popular measure “lines of source code” is implemented
by all static code analysis tools. If subjective measurement data needs to be
collected and no measurement tool is available, a manual measurement instru-
ment (e.g., a certain questionnaire that needs to be filled in manually) can be
assigned to the measure. Measure elements implement the quantification con-
cept (cf. Sect. 6.2.1)

« Evaluation: Factors are evaluated by evaluation rules describing how to assess
the factor on a certain evaluation scale. Factors that have no metrics assigned to
them cannot be evaluated in the model. For example, the evaluation rule for the
technical factor “reference validity of assignment statements” describes how to
interpret and aggregate the measurement data provided by all measures assigned
to the factor. Evaluation elements therefore provide implementation for both the
general evaluation and the aggregation concepts as introduced in Sect. 6.2.1

The metamodel allows implementation of all conceptual structures needed to
specify, measure/monitor, assess/control, and improve/manage quality (cf. Fig. 6.3):
It also allows making a clear distinction between the quality characteristics of
interest and all factors having an impact on them. By offering the opportunity to
formulate arbitrary hierarchies of factors and relationships between different fac-
tors, the model allows the definition of different views/perspectives, such as
combining a technical/developer view (requirements and technical goals) with a
customer/manager (quality aspects) view in one comprehensive model. Further-
more, it allows for explicitly specifying the impact relationship between different
factor hierarchies and expressing basic causal relationships.
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6.4.2 The Quamoco Quality Evaluation

The main objective of a quantitative quality evaluation is to have an easy-to-
understand, evidence-based (measurement-based), and reliable (repeatable) rating
of the quality of software products. For that purpose, the measurement values need
to be normalized and mapped to a uniform evaluation scale. Quamoco uses values
between 0 and 1 as an internal evaluation scale, but supports different interpretation
models, which can be defined based on the given context. The default interpretation
model maps the evaluation results between O and 1 on a scale based upon the
German school grade system. The mapping between evaluation results and grades
was defined and checked for plausibility for Java-based systems using the evalua-
tion results for more than 100 analyzed open source systems (Wagner et al. 2012).

The evaluation procedure employs multicriteria decision analysis (MCDA)
techniques and is illustrated in Fig. 6.10. The procedure for determining evaluation
rules (assuming that the remaining parts of a quality model are specified) is as
follows (Trendowicz et al. 2009):

* Weighting: Quantify the importance of each factor relative to other factors of
the same refinement and/or impact hierarchy

* Scoring: Collect measurement data for all leaf factors of the hierarchy

¢ Evaluation: Define so-called utility functions that map the measurement values
to the evaluation scale with values between 0 and 1. Note that for most measures,
some sort of normalization is required to allow defining that utility function

» Aggregation: Aggregate the evaluation results provided by the utility functions
by computing a weighted sum (which is again a value between 0 and 1)
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» Interpretation: Map the aggregated evaluation results to an interpretation scale
(e.g., school grades)

The Quamoco models come with predefined evaluation rules calibrated on the
basis of a survey on the most relevant quality characteristics, the experience of
numerous software quality professionals involved in creating the model, and
thresholds calculated on the basis of more than 100 software projects. Although
the model results were confirmed by experts on five open source software products
(Wagner et al. 2012), it is strongly recommended to perform additional calibration
activities on organization-specific data before using the model.

6.5 Strategic Usage of Quality Models

The last section deals with how to support decision-making based on the outcomes
from applying quality models and how this contributes to higher-level organiza-
tional goals and strategies. GQM*Strategies™ (Basili et al. 2010) is a measurement
planning and analysis approach that provides a framework and notation to help
organizations develop/package their operational, measurable business goals, select
strategies for implementing them, communicate these goals and strategies through-
out the organization and translate these goals into lower-level goals and strategies
down to the level of projects, assess the effectiveness of their strategies at all levels
of the organization, and recognize the achievement of their business goals. The
output of the GQM™Strategies™ approach is a detailed and comprehensive model
that defines all the elements necessary for a measurement program.
GQM " Strategies® makes the business goals, strategies, and corresponding lower-
level goals explicit.

In the past, a variety of approaches have been developed covering different
aspects of linking activities related to IT services and software development to
upper-level goals of an organization and demonstrating their business value, such as
the Business Motivation Model (OMG 2010), Practical Software and Systems
Measurement (USDoD 2003), Balanced Scorecards (Kaplan and Norton 1992),
Information Technology Infrastructure Library (ITIL) (OGC 2002), Control Objec-
tives for Information and Related Technology (COBIT)® (ISACA 2007), or the
Sarbanes-Oxley Act (SOX 2002). The aim of GQM*Strategies® is not to replace
these approaches, but rather to close the existing gaps with respect to linking goals,
their implementation, and the measurement data needed to evaluate goal
attainment.

Figure 6.11 illustrates the basic concepts of the approach. The left side describes
a hierarchy of organizational goals and strategies. Organizational goals define a
target state the organization wants to achieve within a given time frame (e.g.,

2Registered trademark of the Fraunhofer Institute for Experimental Software Engineering,
Germany and the Fraunhofer USA Center for Experimental Software Engineering, Maryland.
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improved customer satisfaction or reduced rework costs). Strategies are possible
approaches for achieving a goal within the environment of the organization.
Context factors and assumptions provide the rationale for the refinement hierarchy.
Context factors represent all kinds of factors the organization knows for sure,
whereas assumptions are estimated unknowns, that is, what is believed to be true
but needs to be reevaluated over time.

GQM graphs define how to measure whether a goal has been accomplished and
whether a strategy has been successful. Following the classic GQM approach
(Basili et al. 1994a), goals are broken down into concrete metrics. Interpretation
models are used for objectively evaluating goals and strategies.

Figure 6.12 and Table 6.4 illustrate excerpts of an example GQM*Strategies™
model focusing on the goals and strategies hierarchy and highlighting some mea-
surement data that is collected for evaluating the achievement of organizational
goals. On the lowest level, one strategy (DS-S) of the highlighted branch may
actually be to build and introduce software product quality models for, e.g.,
software reliability. The use of these quality models at different quality gates of
the software development process will in turn help to decrease the number of
defects that slip to later stages of the process (DS-G) by finding potential reliability
issues as early as possible. Less defect slippage is related to improving the quality
assurance activities of organization X (PR-S), which is a strategy for improving the
reliability of the IT products of organization X (PR-G). Improved IT products
(NC-S1) will in turn attract more customers to use the IT-based services of
company X (NC-G).

The entire model provides an organization with a mechanism for not only
defining measurement consistent with larger, upper-level organizational concerns,
but also for interpreting and rolling up the resulting measurement data at each level.
Having this chain of arguments also supports an organization in demonstrating the
values of software-related improvement initiatives, such as the systematic usage of
software product quality models. The impact of these models can be evaluated
directly in terms of an organization’s higher-level goals and make the benefits
measurable for it. More industry-related lessons learned from making strategic use
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Table 6.4 Overview of context and assumption
ID Type Description
CAl Context Company X provides banking and insurance services. X has a lot of cus-

tomers in the banking area, but only few in the insurance area
CA2 Assumption The quality of the IT products has to be improved
CA3 Assumption The quality of the customer interaction processes has to be improved

CA4  Context The services of X are built upon an Enterprise information system (IS) that is
composed of different software components

CA5 Context Customers complain that it takes too long to deliver new features and to fix
existing bugs

CA6 Context Customers complain that the IT products are not reliable

CA7 Context Customers complain about issues related to customer interaction

CA8 Assumption The delay of existing projects is mainly responsible for the inability to
deliver new features and bug fixes faster

CA9  Context Customers complain about inconsistent and incomplete information during
their interaction with company X

CA10 Context According to the experience from the recently run pilot project, agile
development principles will be able to speed up software development

CAI1l Context According to the analysis of the defect data, too many defects appear in the
design and coding stage

CA12 Context Not all services of X are completely IT supported; some have to be provided

manually, which decreases information quality
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of quality models employing the GQM*Strategies®™ approach can be found in Basili
et al. (2013).

6.6 Conclusions and Future Work

This chapter gave an overview of the challenges and potential solutions for sys-
tematically managing the quality of software products. Controlling the quality of all
artifacts created during the software development process is one crucial task of
professional project management (PMI 2008). Quality models support an organi-
zation in general and project managers in particular in objectively evaluating and
assessing software product quality through the use of measurement. Knowledge and
experience regarding critical quality characteristics and indicators for measuring
and evaluating these characteristics are captured in these models.

The chapter highlighted four challenges when dealing with quality models in
practice and proposed solutions developed in recent years. First, there is no
universal quality model that can be applied everywhere. A variety of quality models
exists, and mechanisms such as the proposed classification scheme and quality
model landscapes are needed to identify the “right” model based on a clear picture
of the goals that should be obtained from using the model.

Second, it is essential to tailor quality models to company specifics. Existing
standards are often too generic and hard to fully implement in an organization. A
structured process, such as the six-step process proposed, is needed to develop
custom-tailored quality models. This also allows for collecting the measurement
data needed and to focus data analysis and interpretation on the quality character-
istics of interest.

Third, in practice, it is an effort-consuming process to specify and apply quality
models because no proven standard techniques, methods, and tools are available.
The Quamoco approach described above provides a well-defined metamodel for the
specification of quality models and comes with tool-supported, domain-specific
models, which can be customized to the specific needs of an organization.

Fourth, in order to create quality models that are sustainably implemented in an
organization, the link and contribution to organizational goals need to be clarified.
As illustrated by the GQM™Strategies™ approach, the data provided from applying
software product quality models can be used directly for guiding improvement
actions and decision-making.

In the future, software projects will be faced with new challenges that need to be
mastered from a practitioner’s point of view if an organization wants to provide
products with the right level of quality in order to defend and further expand its
position on the market. In order to manage future projects successfully, processes
and quality assurance mechanisms must handle ever shorter business and technol-
ogy life cycles and must permit flexible adaptation. Introducing agile development
principles is one potential approach allowing for more flexibility (as discussed in
Chap. 11). Software products and systems are increasingly being developed in a
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distributed manner in heterogeneous environments. Chapters 9, 10, and 12 highlight
some further challenges and solution approaches for managing global software and
IT projects. This is particularly true for cyberphysical systems, where organizations
from different domains work together on an integrated solution, each with its own
special requirements regarding the integration of different processes and quality
management mechanisms. As a consequence, software product quality models must
be easy to adapt to new quality requirements on the one side. On the other side, they
must be able to address very heterogeneous quality requirements from different
domains, which probably use different development processes, and to integrate all
these aspects into a comprehensive model. From a researcher’s point of view, one
major challenge lies in providing empirically proven quality models that can be
successfully applied in dedicated domains with known effects. Future work will
focus on coping with these aspects.
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Chapter 7

Supporting Project Management Through
Integrated Management of System

and Project Knowledge

Barbara Paech, Alexander Delater, and Tom-Michael Hesse

Abstract Software engineering is a knowledge-intensive task. Many different
kinds of knowledge are created, for example, system knowledge, such as require-
ments, design, or code, and project knowledge, such as project plans, decisions, and
work items. In this chapter, we study two kinds of project knowledge: work items
and decisions. Work items document what should or has been done by whom and
when. Decisions represent the solution to a decision problem. They are important to
be kept in mind so that the future development will be consistent with the past.
These kinds of knowledge can be implicit or explicit. Work items are typically
managed explicitly in issue trackers, while decisions are mostly hidden in informal
notes or in the artifacts, which result from these decisions. Rationale management
research has suggested several approaches to make decisions and their rationale
explicit. However, in contrast to issue trackers, which are widespread, these
approaches are considered as overhead in industry. In this chapter, we argue that
work items and decisions should be managed together with the system knowledge.
This has several benefits for project management processes, such as project plan-
ning or monitoring, for example, with better information for the allocation of work
items or risk identification. We present a vision detailing these benefits and discuss
what is known in research and practice about the realization of this vision. In
particular, we review existing approaches to capture work items or decisions and
their links to other knowledge and discuss the empirical evidence of their benefits
for an integrated system and project knowledge management in industry.
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7.1 Introduction

Knowledge management (KM) is a diverse field. Many general and software
engineering—specific facets are described in Bjgrnson and Dingsgyr (2008),
Aurum et al. (2003). Lindvall and Rus (2003) distinguish:

1. General KM activities for asset reuse, document management, collaboration,
competence management, and expert networks

2. KM activities specific in software organizations, such as configuration manage-
ment and version control, design rationale, traceability, defect tracking, and
supporting CASE-tools

3. KM to support organizational learning such as prediction models, lessons
learned, case-based systems, and data discovery

In this chapter, we focus on (1) and (2) which means, knowledge captured within
a software project and used to support the team of current and future projects to
better perform their work. Knowledge can be captured explicitly in artifacts such as
documents or emails. Or it can be implicit in the heads of people or as part of a
conversation.

We distinguish two different types of knowledge created and used in a software
development project. On the one hand, system knowledge concerns the software
system and its context such as requirements, architecture and design of the system,
test cases, and the actual implementation of the design and test cases in the code. On
the other hand, project knowledge concerns the actual development and mainte-
nance process. In particular, all outputs of project management processes described
in the PMBOK guide (Duncan 2013) and its software extension (PMI 2013) are part
of the project knowledge. We distinguish the plan knowledge such as the project
plan (called project management plan in the PMBOK guide if on a high level and
project schedule on a detailed level) or the project participants from the execution
knowledge such as work items (including work on bugs and change requests) and
decisions (see Fig. 7.1). Note that we only consider the system and project knowl-
edge on the level of an individual software product. There is also generalized
knowledge crosscutting different products, for example, system knowledge such
as design patterns or project knowledge such as best practices or process models.

Work items describe what should or has been done by whom and when. When
captured during project work, work items typically have a completion status, a due
date, and are assigned to team members. Typically, they are fine-grained capturing
an aspect of the software development work relevant at a particular moment of the
project. Often, work items are called issues and describe future work, change
requests, or bug reports. In the PMBOK guide (Duncan 2013), work items are
called activities: “a distinct, scheduled portion of work performed during the course
of a project”. Sometimes (e.g., in Chap. 4, which deals with the allocation of the
work to developers), work items are also called tasks.

During project work, decisions are made (implicitly or explicitly), which con-
cern the project or the system. According to Ngo and Ruhe (2005), a decision
problem at least comprises a set of alternatives and a set of criteria to evaluate each
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Fig. 7.1 Examples of system knowledge and project knowledge

alternative. A decision embodies a choice of an alternative. Decisions are typically
complex and crosscutting, such as the argumentation for the definition of a partic-
ular architecture. In consequence, it is useful to capture decision knowledge for
considering and reviewing it in upcoming project activities so that former decisions
and directions of development are understood over time. Decisions are accompa-
nied by rationales (called rationale or rationale knowledge) justifying the decision.
Rationale Management aims to make the rationale explicit (Dutoit and Paech 2001,
Dutoit et al. 2006). Thus, rationale management approaches capture decisions
together with their rationale. As explained in Sect. 7.5, decision knowledge com-
prises the decision and many other kinds of attributes, and one of them is the
rationale.

It is important to note that both work items and decisions can refer to system and
project knowledge. For example, a work item can describe work to develop code
(code is system knowledge) or to develop a project plan (project plan is project
knowledge). Similarly, a decision can concern an architecture (architecture is
system knowledge) or a milestone (milestone is project knowledge). We classify
work items and decisions as project execution knowledge as they do not describe
the system, but human actions (work and decisions) to produce the system. As
decisions are created by all team members, the knowledge created by the project
manager (e.g., the work items) is only part of the project knowledge.

In practice, system and project knowledge are typically treated separately.
System knowledge is captured in all kinds of CASE-tools such as requirements
management or test tools. Project knowledge is mostly captured in project man-
agement or issue tracking tools. Issue trackers (such as Bugzilla, Jira, and Trac) are
a kind of project management software that is widely used in industry; for example,
in the Eclipse Community Survey, 80 % of over 600 respondents use at least one
issue tracking tool in their daily work (Skerrett 2011). There are tools integrating
system and project knowledge. An example for such a widely used tool is MyLyn,'

!http://www.eclipse.org/mylyn/
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which integrates issue tracking into Eclipse. Each time before a new revision is
created, MyLyn asks the developer to select a work item from the issue tracker to be
linked to the new revision. MyLyn then inserts the unique identifier of the work
item into the commit message of the new revision to achieve bidirectional trace-
ability between the new code and the work item. Tasktop” extends this with links to
requirements or quality management tools. However, this does not provide a
comprehensive integration of system and project knowledge allowing the linking
of any element of system and project knowledge to another.

We argue that it is beneficial for the whole project team (including the project
manager) when system knowledge and project knowledge are captured explicitly
and managed together. On the one hand, the usage of project knowledge can be
improved when it is linked to the affected system knowledge. For example, when a
work item demanding the implementation of a requirement is linked to the require-
ment and later to the created code, the project manager can easily identify which
code was involved in the implementation. This allows, for example, a better
estimation of future implementation work. Also, if a decision is captured and linked
to the affected system knowledge, the impact of changes of this decision can be
analyzed more easily. On the other hand, the capture of system knowledge can be
improved, as today in practice more project knowledge is captured than system
knowledge. For example, from the links between work items and code as well as
between work items and requirements, new links between requirements and code
can be inferred. These are very helpful for maintainers.

In our work, we focus on decisions and work items for the integration of system
and project knowledge as both are important parts of the project knowledge and
both have obvious relations to system knowledge. As outlined in our vision in
Sect. 7.2, the links between system knowledge, work items, and decisions already
provide ample benefit for project management. To achieve this vision, we have
conducted a literature review on the state of the art and practice and developed first
ideas to realize this vision. Both are reported in this chapter.

In the following sections, we first discuss our vision of how project management
can benefit from integrated management of system knowledge, decisions, and work
items. Then, we analyze the state of the art and practice with respect to the
integration of system knowledge and decision and work items. First, we treat
work items and decisions separately. For work items, we focus on existing
approaches that link work items and different kinds of system knowledge. As
decisions are more complex, we first review how decisions are captured as such
and then how they are linked to other kinds of knowledge. In both cases, we explore
how these links are created and used, and we discuss the empirical evidence of
integrated system and project knowledge management. Finally, we discuss research
necessary to achieve our vision.

The remainder of this chapter is structured as follows: In Sect. 7.2, we sketch our
vision of integrated system and project knowledge management and discuss how

2 http://tasktop.com
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project management can benefit from this. In Sect. 7.3, we describe how we
conducted the literature review to identify relevant research on work items and
decisions. The identified approaches for work items and decisions are described in
Sects. 7.4 and 7.5, respectively. In Sect. 7.6, we identify issues for further research,
and Sect. 7.7 provides a conclusion and an outlook.

7.2 Our Vision: Integrated System and Project Knowledge
Management

In this section, we sketch our vision of integrated system and project knowledge
management through integrated management of work items and decisions and
different kinds of system knowledge (abbreviated ISPKM in the following). As we
want to focus on the benefits for the project manager, we look at the knowledge
areas as described in the PMBOK guide (Duncan 2013) and its software extension
(PMI 2013). In the following (see Table 7.1), we describe how selected areas can
benefit from ISPKM knowledge (that means work items and decisions linked to
each other or to requirements, design, code, or test, respectively). In the text, we
refer to the processes of the knowledge area by listing the corresponding PMBOK
chapters. For some of these areas, the processes are also discussed in Chap. 1. In the
following, we give examples of how the knowledge areas can benefit from ISPKM.
In Sects. 7.4 and 7.5, we discuss what approaches and tools exist for ISPKM and
whether empirical evidence for these benefits has already been found. The papers
giving the corresponding evidence are already listed in Table 7.1.

As described in Chap. 14, there are four key project management themes,
namely, process management, project planning, monitoring and taking actions,
and human issues. The knowledge areas we mention below belong to project
planning and monitoring and taking action.

Work items that are captured explicitly in issue trackers particularly support the
knowledge area project integration management and the knowledge area project time
management, as they help to capture the project management plan (PMBOK Sect. 4.2)
and the project schedule (PMBOK Sects. 6.2, 6.3, and 6.6), to direct and manage
project work (PMBOK Sect. 4.3), to monitor and control project work (PMBOK
Sects. 4.4 and 6.6), and to perform integrated change control (PMBOK Sect. 4.5).

Links from work items to system knowledge support the project team in the
project execution in general. If a work item is linked to the inputs of the work (e.g.,
requirements to be implemented), it is easier for the project participants to under-
stand what to do. They also save time through direct navigation. If the work item is
also linked to the output (e.g., the code created), then any other project participant
(and in particular the project manager) can better understand the context of the
output, for example, who created the output or the used input. Furthermore, the
project management processes listed above are supported directly. When develop-
ing the project plan and project schedule, the project manager has to assign work
items to the responsible project participant. Based on links between system
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Links between work items and Links between decisions and system

system knowledge

knowledge

Develop project plan

Assign work items (Helming

et al. 2010; Kagdi and
Poshyvanyk 2009)

Direct and manage pro-
ject work

Understand context of work
(Helming et al. 2009a, b)

Understand output of work

Monitor and control pro-
ject work

Identify output from work
item

Perform integrated
change control
(Burge and Brown
2008)

Identify change through work

items

Identify related change

Define activities,
sequence activities,
develop schedule

See integration management

Collect requirements

Suggest changes during

implementation (Helming

et al. 2009¢)

Manage communication

Identify information
recipients

Identify information recipients
(Aurum et al. 2006)

Control communication

Report performance

Control quality

Identify work on quality
requirements

Enforce decision

Stakeholder engagement

Explain decision effects

Identify risks

Consider decision assumptions and
rationale and decision relations
(Burge and Brown 2008)™

Control risks

Identify changed decisions

Improve comprehension of

system and project
knowledge

Improve comprehension of system
and project knowledge (Falessi
et al. 2006b, 2008a, b)

Improve quality of system
knowledge (Helming
et al. 2009¢)

Improve quality of system knowledge

Improve capture of decisions

knowledge (e.g., requirements) and work items, new work items can be assigned to
developers who have worked on similar system knowledge in the past. This could
even be done automatically. Project control is enhanced when the output of a
project work (e.g., the design element or code file) is linked to the corresponding
work item. As well known from change management, pre and post-traceability links
of requirements support the change impact analysis (Gotel and Finkelstein 1994).
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Similarly, links from work items to requirements can be used to understand the
context of the requirements implementation. In particular, if code is also linked to
work items, code affected by the requirements change can be identified. Clearly,
this could also be achieved by direct links between requirements and code. How-
ever, it takes more effort to capture them directly, compared to the effort of linking
the system knowledge to the work items (see Sect. 7.4.2).

The links between work items and system knowledge also support the knowl-
edge area project scope management and project communication management. The
collection of requirements (PMBOK Sect. 5.2) is enhanced by links between work
items and requirements. For example, it is easier for project participants to identify
requirements relevant to their work and thus to indicate changes necessary because
of their work (e.g., if it is not possible to implement a requirement as requested). In
general, information distribution (PMBOK Sect. 10.2) is supported as project
participants who should receive the information can be identified from the work
item. For example, a change on system knowledge by one project participant (e.g.,
requirements or code change) can be distributed to another project participant who
is assigned a work item related to the system knowledge (improve change aware-
ness). Links between work items and requirements are especially important for
crosscutting requirements such as quality requirements. For them, enhanced com-
prehension, as described above, is important. Furthermore, links between work
items and quality requirements support the knowledge area project quality man-
agement because it is easily traceable who was involved in the realization of a
quality requirement and when. Similarly, performance reporting in general
(PMBOK Sect. 10.3) is supported. The completion status of the output of a work
item can be derived from the completion status of the work item. Furthermore, the
amount of work of a work item can not only be measured in hours, but also
measured in terms of output (e.g., lines of code).

As described above, links from work items to system knowledge help to identify
links between system knowledge elements and support change awareness. Thus,
they improve the quality of the system knowledge in terms of completeness and
up-to-dateness.

Decisions provide an important background for project work. They capture the
essentials of the project work and thus of the output of the work that is described in
the work items. Typical decision attributes are the problem and solution description
with rationale, assumptions, or constraints considered for the decision and links to
related system knowledge and other decisions.

As for work items, the capture of links between decisions and system knowledge
supports the project work in general (PMBOK Sect. 4.3). If a decision is linked to
the outputs of the work (e.g., implemented code or components), it is easier for the
project participants to understand the output. The reason is that the decision
essentials are implicit in the output, for example, the assumptions or constraints
for choosing a particular technology. This is missing if the decision is not linked to
the output. Project participants also save time through direct navigation. Similar to
work items, links from system knowledge to decisions support project control
(PMBOK Sect. 4.4), change control (PMBOK Sect. 4.5), information distribution
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(PMBOK Sect. 10.2), and quality management (PMBOK Chap. 8). In particular, if
a decision is linked to all affected system elements, the project manager is
supported in controlling whether a decision has been realized consistently (decision
enforcement). If a decision is to be changed, it is easier to identify which elements
will be affected by the change, and if a system element is changed, it is easier to
identify whether a major decision is affected and needs to be adapted. As for work
items, information distribution is supported. A change of the system knowledge by
one project participant (e.g., requirements change) has to be distributed to another
project participant who is responsible for a decision related to this system knowl-
edge. Thus, project participants who should receive the information can be identi-
fied by a decision. As quality requirements are crosscutting, it is especially
important to trace these decisions made with respect to quality.

Unlike work items, decisions and their links are also useful for the knowledge
area stakeholder management and the knowledge area risk management. The main
reason is that decisions provide the context for system knowledge through their
attributes. This can be helpful for the communication with the stakeholders during
the stakeholder engagement management (PMBOK Sect. 13.3), for example, to
explain a decision effect that is not desired by the stakeholder when referring to the
decision’s problem or the constraint description. Assumptions made during
decision-making can be helpful in order to create and update the risk register and
assumptions log (PMBOK Sect. 11.2). For example, the assumptions of design
decisions might indicate potential technical or structural risks for the system. The
rationale of decisions includes the drawbacks of decisions and thus indicates the
possible risks of a decision. Links from decisions to system knowledge support the
identification of risks due to incorrectly realized decisions. Links between decisions
help to identify decision dependencies and thus to identify risks due to decision
inconsistencies. They also help in continuously controlling risks (PMBOK Sect.
11.6) when decisions change over time.

Furthermore, work items and decisions can be linked to each other and to other
project knowledge. Linking work items and decisions could alleviate the capture of
decisions as the capture of work items is already widespread. If a work item or a
decision concerns the project management work (e.g., creating a project plan), the
benefits are similar as for the system knowledge, such as enhanced understanding,
control, impact analysis, or information distribution.

Altogether, the examples given above show that ISPKM supports comprehen-
sion in general and provides important information for many project management
processes. Furthermore, it helps to save time in accessing information. Clearly,
there is also effort involved in ISPKM, which has to be balanced with the benefits.
The effort mainly arises during the capture of the work items and decisions and their
links. As discussed for rationale management approaches in Dutoit et al. (2006),
such an effort is particularly worthwhile for complex projects or systems such as
distributed projects, product lines, safety critical systems, or COTS-based systems.
The possibilities to alleviate the capture are discussed in Sects. 7.4 and 7.5. Often,
they involve information retrieval methods. Thus, they are part of software analyt-
ics, which aim to gain insights into data from software development and manage-
ment (Menzies and Zimmermann 2013).
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In our view, ISPKM is also worthwhile for agile project management. As
described in Chap. 11, agile project management focuses on communication,
coordination, collaboration, and decision-making during execution. The informa-
tion provided by ISPKM supports all of this. ISPKM does not require extensive
up-front planning. As evidenced by the widespread use of issue trackers, work
items support flexible project planning. Shared decision-making is supported by a
shared understanding provided through an explicit decision. Therefore, a light-
weight realization of ISPKM should also be very helpful for agile projects.

In the following sections, we review what approaches exist to realize this vision
and the evidence of its benefits.

7.3 Literature Review

We conducted a literature review to identify existing research on ISPKM. We used
the guidelines of Kitchenham and Charters (2007) for our search strategy and
documentation. However, we did not strictly conduct a systematic literature review
as the literature was only assessed by one of the authors, namely, the literature on
work items by the second author and the literature on decisions by the third author.
The aim was to identify major contributions, but not to discuss the differences
between the approaches in detail. Our overall research questions were

¢ RQI: How is the ISPKM knowledge captured?

* RQ2: How is the ISPKM knowledge used?

* RQ3: Which tools are used to support ISPKM?

* RQ4: What empirical evidence does exist for the benefits of ISPKM?

As discussed at the end of the last section, RQ1 and RQ3 are important to assess
the effort for ISPKM. RQ2 and RQ4 are important to assess the benefits of ISPKM.
The results are presented in Sect. 7.4 for work items and Sect. 7.5 for decisions. In
the following, we describe the search strings and sources used and the overall
outcome of the search. Each search was documented strictly: We recorded all
search results per source and documented the number of hits per source and the
papers identified as relevant per source.

Search for Work Item Literature. We used the following publication sources:
IEEE,” ACM," SpringerLink,” and ScienceDirect.® We did not explicitly look at
approaches capturing work items, as their capture in terms of issue trackers is
standard (Skerrett 2011). Thus, for RQ1 with respect to work items, we focus on the
capture of the links to system knowledge. The final search string had three terms

3 http://ieeexplore.ieee.org/Xplore/home.jsp
4 http://dl.acm.org/

5 http://www.springerlink.com/

S http://www.sciencedirect.com/
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Table 7.2 Derived search terms for work items

Search terms Restriction
Term 1 - Requirements: requirement OR “system specification” Title, abstract,
— Design: architecture OR “software design” keywords

— Code: code OR repository OR revision OR vcs OR “version
control system”

— Test: test*
AND
Term 2 Trace OR traceability OR link OR relation OR mining OR msr Title, abstract,
keywords
AND
Term 3 “Work item” OR *“action item” OR “bug report” OR “change request” Title, abstract,
OR ticket OR “project management” keywords

(see Table 7.2). The first term is divided into terms for the four system knowledge
areas of interest, namely, requirements, design, code, and test. To reduce the
number of similar terms required in the search string, we used wild cards (*), for
example, test* to cover terms like testing, test case, etc. The second term ensures
that traceability links between the elements are considered. Furthermore, we
explicitly searched for papers in the Mining Software Repositories’ (MSR) com-
munity, with the terms “mining” and “msr”, because in this community data mining
techniques are often applied to create or use links between work items and code.
The third term is a collection of various synonyms for work item. All three terms
had to appear in the title, abstract, or keywords of the papers.

The searches were executed in February 2013. We had a total of 814 hits for the
four sources. Two exclusion rounds were performed to identify the relevant papers.
Papers were considered relevant if they considered work items and links to one of
the four knowledge areas. In the first exclusion round, we looked only at the title
and abstract of each paper and identified 45 relevant papers. We aggregated all
results and removed duplicates, resulting in a total of 36 papers. In the second
exclusion round, we looked at the abstracts and, in those cases where the abstract
did not contain enough information, at the introduction and conclusion. In the end,
we identified a total of 19 papers as relevant (requirements =35, code =12,
design =0, test =2).

7.3.1 Search for Decision Literature

The final search string had two terms: the first in two variants (see Table 7.3). The
first term la addresses decision knowledge and drivers for decisions. It was used
again in IEEE, ACM, SpringerLink, and ScienceDirect. For SpringerLink and
ScienceDirect, we restricted the search to “Computer Science.” A search for

7 http://msrcontf.org/
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Table 7.3 Derived search terms for decisions

Search terms Restriction

Term la  “Decision knowledge” OR “decision rationale” OR “decision Title, abstract,
motivation” OR “decision intention” keywords

Term 1b  “Decision knowledge” OR “decision rationale” OR “decision Title, abstract,
motivation” OR “decision intention”” OR “design decision” OR keywords

“requirements decision” OR “implementation decision” OR
“test decision” OR “‘maintenance decision” OR (“management
decision” AND “software project”)
AND
Term 2 Model OR representation OR information OR capture OR link OR  Title, abstract,
benefit OR advantage keywords

“decision” or “design decision” as single terms produced far too many results. To
be able to cover design decisions as well, we included typical approaches for design
decision knowledge by manual search. Many other related topics, such as decision
science or management, are also very comprehensive, so it was not our goal to
cover them completely. However, we again considered these fields in our manual
search in selected publications. In addition, a search in the International Journal of
Software Engineering and Knowledge Engineering® was conducted with a broader
search term (see term 1b). The second search term restricts the application of
decisions as we were interested in the capture, models, representations, links, and
uses of decisions. We included “information” to cover unstructured representations
of decision knowledge. The usage of decisions was described by the more specific
alternatives “benefit” and “advantage.” All terms had to appear either in the title,
the abstract, or the keywords of the papers.

The searches were executed in October 2012. In total, we had 520 hits. From the
separate manual search, we had another 21 hits. Two exclusion rounds were
performed on these 541 hits. Hits were considered as relevant if they explicitly
addressed decision knowledge and its contents, representation, capture, linking to
the other knowledge areas, or usage. Moreover, hits were not considered if the full
text was not retrievable or if they were duplicated. In the first round, the titles and, if
necessary, the abstracts were evaluated. This revealed 77 hits. In the second round,
all abstracts were examined, and promising papers were fully read. In the end, we
identified a total of 33 papers as relevant. Twenty-one of them resulted from engine
search. In particular, 19 results were found by term la and 2 by term 1b (IJSEKE).
Another ten relevant papers resulted from the manual search and are marked by the
character “m” in superscript form when being referenced.

Finally, we want to emphasize that the restrictions in sources and search terms
can be threats to the validity of our literature review. We included as many sources
as feasible, but still even more conferences and journals could be considered. In
particular, this is a possible threat to our manual search for literature on design

8 http://www.worldscientific.com/worldscinet/ijseke
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decisions. Next, the search mechanisms provided for each source are evolving over
time and might vary in the quantity of results and the quality of hits. Moreover,
contributions might have been classified incorrectly during the assessments as only
one author per search performed them. Lastly, many empirical contributions we
found have their own threats to validity, which can also impact the conclusions
drawn from our review. These threats are mentioned separately in Sects. 7.4
and 7.5.

7.4 Integrating System and Project Knowledge Using
Work Items

Work items represent explicit knowledge about the process executed in the project.
This knowledge is gathered, updated, and detailed continuously over time. In
Sect. 7.4.1, we provide an overview of the search results on work items answering
RQ1 to RQ4 with respect to the links between work items and system knowledge. In
Sect. 7.4.2, we present our own research on integrating system and project knowl-
edge with work items. The following sections refer back to Sect. 7.2 to describe
already available empirical evidence for certain parts of our vision of ISPKM.

7.4.1 Results of the Literature Review

Each of the following sections covers one knowledge area: requirements (see
Sect. 7.4.1.1), code (see Sect. 7.4.1.2), and test (see Sect. 7.4.1.3). We did not
find approaches that link work items and design.

7.4.1.1 Requirements and Work Items

Links between requirements are extensively studied in the requirements engineer-
ing community, for example, by Cleland-Huang et al. (2012). However, only very
few approaches consider links between requirements and work items.

Creation of Links between Requirements and Work Items (RQ1, RQ3,
RQ4). Table 7.4 summarizes the approaches for creating links between require-
ments and work items. Link creation, tool support, and empirical evidence are
emphasized.

All approaches use textual requirements as development artifacts. In the
approaches of Helming et al., the traceability links between requirements and
work items are created manually. They implemented their approach in the model-
based CASE-tool UNICASE, which is an application based on the Eclipse
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Table 7.4 Approaches creating links between requirements and work items

Approach Link creation Tool support Empirical evidence
Helming et al. (2009a, b, ¢, 2010) Manual UNICASE -
Yadla et al. (2005) Automatic RETRO Industrial

framework. UNICASE is capable of storing all kinds of system and project knowl-
edge and the traceability links between them in a single environment.

The approach by Yadla et al. (2005) supports the automatic linking of require-
ments to bug reports as a special kind of work item, using information retrieval
(IR) techniques. It is implemented in the tool RETRO (REquirements TRacing
On-target). Basically, the approach uses the IR techniques to search for similarities
of texts in requirements and in bug reports. The search is not automatically applied
as soon as a bug report is created, but a team member can manually initiate the
approach at any time during the project. They evaluated their approach based on
two data sets for a NASA scientific instrument. For the first data set, they found a
precision (fraction of retrieved instances that are relevant) of 0.69 and a recall
(fraction of relevant instances that are retrieved) of 0.85. For the second data set,
they found a precision of 0.99 and a recall of 0.70. Results in this range are very
good and comparable to manual linkage (Maeder and Gotel 2012).

Thus, there is first evidence that the effort of link capture can be alleviated by
automation.

Usages of Links between Requirements and Work Items (RQ2, RQ3, RQ4).
Table 7.5 provides an overview of the usage of links between requirements and
work items.

In Sect. 7.2, our vision introduced several examples of how traceability links
between requirements and work items can be used. Helming et al. provide empirical
evidence based on the data of the UNICASE development project that these links
support direct navigation, comprehension support, and project reporting (Helming
et al. 2009a, b). They observed that as long as work items and requirements stand in
meaningful relation to each other (e.g., a work item is referencing a requirement in
its textual description), users navigate between them, even when there are no
explicit links between them. They confirmed the expected benefit that direct
navigation saves time. In their analysis, developers achieved significantly lower
navigation distances for linked artifacts than for non-linked artifacts.

The aggregation of links can provide further comprehension support. UNICASE
provides an overview of the requirements and the number of associated open work
items over time. The authors confirmed our vision that an overview of the comple-
tion status of work items that are linked to requirements realistically visualizes the
team status, similar to burn-down charts in SCRUM. Helming et al. also confirmed
that requirements linked to work items have a higher level of actuality, meaning
that developers keep the requirements related to their work items more upto-date.
They showed that the number of changes for linked artifacts is significantly higher
than for non-linked artifacts.
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Table 7.5 Approaches using links between requirements and work items

Empirical
Approach Usage Tool support evidence
Helming et al. Direct navigation, comprehension support, UNICASE Academic

(2009a, b) project reporting
Up-to-date requirements specification
Helming et al. (2009¢) Change awareness UNICASE Academic
Helming et al. (2010)  Automatic assignment of work items to UNICASE Academic
developers

Another benefit of links between requirements and work items that we intro-
duced in Sect. 7.2 is improved change awareness. The notification strategy of
Helming et al. (2009c) is based on the traceability links between requirements
and work items. Based on the data of a big student project with a real customer, they
showed that this traceability-based notification strategy results in a low number of
notifications with a high rating of user satisfaction.

As described in Sect. 7.2, the assignment of work items to developers is one
important task of a project manager. Helming et al. applied existing machine
learning techniques as well as a novel approach relying on the links to assign
work items to developers (Helming et al. 2010). They evaluated all approaches
on three big UNICASE projects. The novel approach did outperform the other
approaches whenever it was applicable.

Altogether, the work of Helming et al. provides a first evidence for the useful-
ness of ISPKM related to requirements.

7.4.1.2 Code and Work Items

Many commercial software development projects as well as open source projects
(e.g., Eclipse, Apache, etc.) use issue trackers (Skerrett 2011) together with a
centralized version control system (VCS) like Subversion or the increasingly
popular Git. A major focus of the MSR community is to apply data mining
techniques to analyze the vast amounts of data stored in issue tracking systems
and VCSs. Our literature review found, in addition to specific approaches, the paper
by Hassan (2008), which presents a brief history of MSR and discusses the
achievements so far. In the following, we discuss the specific approaches to capture
links between code and work items.

Creation of Links between Code and Work Items (RQ1, RQ3, RQ4).
Table 7.6 provides an overview of approaches and tools creating links, sorted
according to their year of publication. Although Nguyen et al. do not present an
approach for the creation of links, we identified the paper as relevant and included it
in the discussion in this section, because they present empirical evidence for the
creation of links between code and work items.
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Table 7.6 Approaches creating links between code and work items

Approach Link creation Tool support Empirical evidence
Bachmann et al. (2010) Automatic Linkster Open source
Sureka et al. (2011) Automatic Experimental tool Open source
Bangcharoensap et al. (2012) Automatic - Open source
Davies et al. (2012) Automatic - Open source
Nguyen et al. (2010) - - Open source

Bachmann et al. present an approach that helps to automatically link revisions
and bug reports after development (Bachmann et al. 2010). They engaged an expert
core developer from the Apache open source project to classify 6 full weeks of the
Apache VCS history. They used this data set consisting of 493 revisions and their
automatic approach to analyze the connection between the bug reports and the
revision data. Bachmann et al. found (among other insights) that not all fixed bugs
are stored in the issue tracker. Some are discussed (only) on the mailing list.
Furthermore, developers sometimes fix bugs that are only reported in other pro-
jects’ issue trackers, rather than in their own project’s issue tracker, and vice versa.
Thus, additional measures, such as incentives, are needed to make sure that project
work is accurately reflected in the work items.

Sureka et al. also presented an approach to automatically recover traceability
links between standalone bug reports and code files within a VCS (Sureka
et al. 2011). Complementing existing approaches that primarily apply regular
expressions (e.g., Bachmann et al. 2010), their approach uses a formal mathemat-
ical foundation (primarily based on probability theory). They could confirm the
feasibility of their approach on a much larger data set of 8,470 bug reports and
10,159 revisions.

The approach of Bangcharoensap et al. (2012) showed that code files can be
identified that may contain a bug based on the initial bug report description. Their
approach uses three mining approaches: text mining, code mining, and change
history mining. In a first step, the text mining approach measures the textual
similarities between the description of a bug report and all code files to identify a
ranked list of code files. In a second step, the code mining and change history
mining approaches are used to further reduce the potential list of erroneous code
files. They evaluated their approach using Eclipse platform project data consisting
of 2,950 bug reports and 48,764 code files, achieving an accuracy of about 53 %.

Davies et al. propose an approach that measures the similarity between the text
used in the bug report and the text of other already fixed bug reports together with
the fixed code (Davies et al. 2012). They showed that their own approach is not very
effective when used alone, but it showed statistically significant improvements
when used in combination with approaches measuring the textual similarity
between bug report descriptions and code files.

Nguyen et al. did not suggest a new approach, but studied linkage bias and
tagging bias (Nguyen et al. 2010). Linkage bias either means that a bug report is
linked to the wrong code or no code at all. Tagging bias means that not all bug
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reports in an issue tracking system actually represent bugs. Instead, developers
often use issue tracking systems to track other issues such as work items, decisions,
and enhancements. Therefore, using such data might lead to incorrect bug counts
for the different parts of a software system. Nguyen et al. used a nearly ideal data set
from the IBM Jazz project consisting of 13,367 fixed bug reports and examined the
aforementioned biases. They found that even in this ideal setting, both types of
biases do exist in the data set. They argue that linkage bias is more likely due to the
software development process rather than being a side effect of the linking heuris-
tics. They also found that, even under tagging bias, existing bug prediction models
will still perform almost as if there was no bias.

Altogether, the literature so far focuses on bug reports when dealing with
ISPKM related to code. The study of Bachmann et al. shows that issue trackers
are not a perfect base, while Nguyen et al. show that manual link creation is not
perfect. The other approaches show that automatic creation is possible, but does not
yet achieve the precision of link creation between requirements and work items.

Usages of Links Between Code and Work Items (RQ2, RQ3, RQ4). Similar
to links between requirements and work items, links between code and work items
can be used in various ways (see Table 7.7).

Maeder and Egyed conducted a controlled experiment with 52 subjects (students
of computer science) performing 315 maintenance tasks on two third-party devel-
opment projects: half of the tasks with and the other half without traceability
navigation (Maeder and Egyed 2011). They concluded that the mere existence of
traceability links between work items and code has a profound effect on the
performance (21 % faster) and quality (60 % better) of the implementation tasks.
Furthermore, the existence of links fundamentally changed the way subjects nav-
igated through the code. They found that the subjects relied predominantly on
traceability navigation when it was available, displacing the manual search navi-
gation in most cases.

The subjects adopted traceability immediately as their major way of navigation
within the code, right from the first performed task, even without prior training.
However, the frequent usage of traceability links could be related to the inexperi-
ence of the students with the code.

The other approaches revealed in our search do not presume links. Instead, they
create temporary links between code and work items for specific usage. The
empirical evidence focuses on the correctness of the approaches and not on the
usage of the links.

As for requirements, Kagdi and Poshyvanyk study the use of IR techniques on
code files and work items to assign developers (Kagdi and Poshyvanyk 2009).
However, their evaluation is very preliminary as only one change request was
analyzed.

Canfora and Cerulo study the usefulness of IR to create links between code and
change requests for impact analysis, for example, for developers to identify code to
work on as well as for project managers for effort estimation of the change request
(Canfora and Cerulo 2005, 2006). Their method exploits IR techniques to identify
code file revisions impacted by past change requests similar to the actual one. They
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Table 7.7 Usages of links between code and work items

Empirical
Approach Usage Tool support evidence
Maeder and Egyed Direct navigation Experimental Academic
(2011) Up-to-date requirements tool
specification
Kagdi and Poshyvanyk Automatic assignment of work items — Open source
(2009) to developers
Canfora and Cerulo Impact analysis Jimpa (Eclipse Open source
(2005, 2006) plug-in)
Gethers et al. (2011, Experimental tool Open source
2012)

showed with a case study consisting of four open source projects (kcalc, kpdf,
kspread, Firefox) that the set of code files returned by their approach is correct in no
less than 30 % of the cases and reaches a maximum of 78 %.

In a follow-up work to Kagdi and Poshyvanyk (2009), Canfora and Cerulo
(2005, 2006), Gethers et al. also present an approach to perform impact analysis
of a given change request to code files (Gethers et al. 2011, 2012). The approach
uses a combination of information retrieval, dynamic analysis, and mining of
software repository techniques. In addition, this approach uses contextual informa-
tion such as the execution traces of the code and an initial code file that was verified
for change, meaning that this code file definitely needs to be considered. To validate
their approach, they conducted an empirical evaluation of four open source projects
(jEdit, ArgoUML, muCom, JabRef). Their results indicate that their approach
shows statistically significant improvements of these approaches. They only rely
on the textual description of the change requests. In certain cases, an improvement
of 17 % in precision and 41 % in recall was gained.

Altogether, while the explicit creation of links to code has mainly been studied
for big reports, several usages have been studied that implicitly generate links
between more general work items and code. Evidence exists that direct navigation
provided by ISPKM related to code is useful. Furthermore, for assignment and
impact analysis, a better precision and recall can be achieved than for the general
creation approaches.

7.4.1.3 Test and Work Items (RQ1, RQ2)

Our literature review only identified two papers concerned with test cases and work
items together (see Table 7.8).

Bettenburg et al. conducted an extensive survey among 466 developers and
reporters of the Apache, Eclipse, and Mozilla projects to identify “what makes a
good bug report” in these projects (Bettenburg et al. 2008). Among many other
interesting insights, the developers and reporters said that it is very important to
have links between tests and bug reports. This was the second most common
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Table 7.8 Approaches creating or using links between tests and work items

Approach Link creation or usage Tool support Empirical evidence
Bettenburg et al. (2008) Direct navigation - Open source
Kaushik et al. (2011) Automatic - Industrial

response, with 51 %. Thus, this survey confirms the usefulness of links between test
and work items.

Kaushik et al. proposed an approach using IR techniques to create traceability
links between bug reports and test cases, with the aim of recommending test cases
for bugs (Kaushik et al. 2011). They evaluated their approach using data from an
undisclosed industry project consisting of 9 closed bug reports and 13,380 test
cases. The approach was able to find the correct test cases for each bug report, but
returned a lot of irrelevant test cases as well. Therefore, the tester still has to select
the appropriate test cases from the list of returned test cases.

Altogether, the focus again is on bug reports. While there is evidence of their
usefulness, the work on the automatic creation of links to tests is only very
preliminary.

7.4.2 A More Comprehensive Integration of System
and Project Knowledge Through Work Items

In Sect. 7.2, we described our vision of how system and project knowledge could be
integrated. In particular, easy capture is important. The approaches discussed above
focus on linkage by IR techniques after the project work has been completed. This
motivated us to present a new approach to semiautomatically capture traceability
links between requirements, work items, and code during development (Delater
et al. 2012; Delater and Paech 2013a, b). Our approach captures traceability links
during development while developers work on work items. It is implemented in the
tool UTC (Delater and Paech 2013c) (UNICASE Trace Client), which is an
extension of UNICASE.

There are three options to create links: (A) The developer can select the work
item from his/her list of assigned work items before starting the implementation.

Then, UTC logs all requirements the developer looks at as well as all touched
code files and asks the developer to validate them before linking them to the work
item and checking them into the VCS. (B) Similar to the functionality of MyLyn,
the work item to be linked can be selected after the implementation and before the
check-in into the VCS. (C) Furthermore, a revision can be linked manually to a
work item after check-in into the VCS.

An evaluation in three software development projects with undergraduate stu-
dents (Delater and Paech 2013b) with varying durations between 5 weeks and
6 months showed that the students mainly used options B and C, while option A
was only used in 5—10 %. We think that option A will be used more often in larger
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projects, but there was only a small amount of requirements in our projects. Here,
the subjects were very much familiar with the requirements and did not need to look
at them often during development. We used the two metrics precision (fraction of
retrieved instances that are relevant) and recall (fraction of relevant instances that
are retrieved) to measure the quality of the creation of the traceability links. In the
three projects, we achieved a precision of 0.865-0.89 and a recall of 0.90-0.92 for
the links between requirements and work items and a precision of 0.83—-0.88 and a
recall of 0.85-0.92 for the links between work items and code. UTC also supports
the exploitation of work items to improve system knowledge by inferring direct
links between requirements and code from the links to the work items (a benefit
mentioned already in Sect. 7.2). In the three development projects, this resulted in a
precision between 0.835 and 0.88 and a recall between 0.89 and 0.92. This is
comparable to manually performed linkage (Maeder and Gotel 2012). However,
there are some threats to validity. Due to temporal restrictions, the sizes of the
development projects were limited, for example, the number of requirements and
developed code. This does not allow us to draw conclusions on larger projects. In
the development projects, all undergraduate students had basic knowledge in
software engineering. No undergraduate student had industrial experience. This
does not allow us to draw conclusions on more experienced developers from
industry.

Altogether, our approach gives a first evidence that it is feasible to capture the
links between work items and system knowledge during development and that this
can be used to improve the system knowledge.

7.5 Integrating System and Project Knowledge Using
Decisions

Work items are gathered, updated, and detailed continuously over time. Before,
while, or after a work item is executed, decisions are made. They often concern a
broad variety of system or project aspects. Examples are the determination of
milestone or deadline dates or the decision of how to realize a certain system
component.

However, decisions and rationale often remain undocumented for most of the
activities in software projects (Dutoit et al. 2006). Typically, they cannot fully be
recovered at later project stages (Canfora et al. 2000). This is likely to increase the
project teams’ effort and expenses, for example, during the maintenance of soft-
ware systems.

Hence, we argue that decisions should be treated similar to and related to work
items to facilitate their capture and use. In the following, we describe the state of the
art and practice concerning decision knowledge. The next section presents an
overview of concepts for decision knowledge and their documentation. Then, the
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capture, usage, and challenges of decision knowledge are discussed in order to
answer the research questions raised in Sect. 7.3.

7.5.1 Concepts for Decision Knowledge

In the following, we sketch decision-making strategies and approaches to document
decision knowledge. We use another four sources in addition to our review results
in order to explain typical rationale approaches. When being referenced, all those
sources are marked by the character “a” in superscript form (as mentioned in
Sect. 7.3, superscript “m” stands for manual search). More details on rationale
management can be found in the two books on rationale management in software
engineering (Burge et al. 2008; Dutoit et al. 2006)™.

Decision-Making Strategies. Decision-making strategies describe how the
solution of a given open question is determined.

Table 7.9 provides an overview of decision-making strategies applied in soft-
ware development found by our literature review.

According to Zannier et al., “much of [the] problem solving can be viewed as
problem structuring” (Zannier et al. 2007). Two kinds of problems are distin-
guished: the well-structured problem, for which criteria exist to describe the
relationships between the problem and the solution, and the ill-structured problem,
which needs structuring first to reveal such criteria. In a well-structured problem,
the problem-solving process is approached in a structured and managed way, using
the knowledge given by the criteria. On the contrary, ill-structured problems are
closely related to wicked problems. There is no stopping rule, and solutions cannot
be evaluated as true or false, but only as good or bad (Zannier et al. 2007).

According to Lipshitz et al. (2011)™ and Zannier et al. (2007), two major types
of decision-making strategies can be distinguished: First, rational decision-making
strategies address well-structured problems. They aim at choosing the optimal
solution to a given problem. Rational decision-making strategies assume that
there is thorough information on the set of alternatives and their outcome so that
the evaluation of alternatives is comprehensive. This implies that the focus is on the
input and output of the decision as the alternatives are evaluated according to their
estimated performance for the given criteria. Moreover, rational decision-making
relies on formalism in developing abstract and context-free models of the decision.
A typical example for this kind of strategy is the multicriteria analysis with its
implementation in the analytic hierarchy process (AHP) (Saaty 1990)".

The process of rational decision-making in teams has been evaluated by an
experiment of Mentis et al. with 36 participants (20 with undergraduate and 16 with
graduate degrees) in 12 teams (Mentis et al. 2009). The goal of the subjects was to
find an optimal solution to a given planning issue. Mentis et al. evaluated the
statements of the team discussions, classifying them as “State” for information
sharing, “Analyze” for the interpretation and summarizing of information and
“Argue” for positions concerning given statements. They found the beginning of
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Table 7.9 Decision-making strategies from the literature review

Decision-making strategies Empirical evidence

Naturalistic (Zannier et al. 2007; Zannier and Industrial (Zannier et al. 2007; Zannier and
Maurer 2006; Lipshitz et al. 2011™) Maurer 2006)

Rational (Zannier et al. 2007; Zannier and Industrial (Zannier et al. 2007; Zannier and
Maurer 2006; Lipshitz et al. 2011™) Maurer 2006)

Academic (Mentis et al. 2009)

group decision processes to be dominated by state contributions, whereas argue
contributions dominated the end. In newly built groups, state contributions
appeared most often, whereas argue-statements were observed most often in
established groups. During the whole process, information was shared continually.

Second, naturalistic decision-making strategies address ill-structured problems.
They assume a scenario with the need for a real-time reaction under dynamically
changing conditions. This shifts the determination of a solution from choosing
between alternatives to matching the given situation with a formerly experienced
one. In consequence, the goal is to find a sufficient solution that worked before.
Appropriate matches of situations are based on empirical prescriptions. Therefore,
naturalistic decision-making strategies aim at describing the prerequisites and rules
for matching situations rather than comparing outcomes. Their decision models are
informal and accept information to be incomplete. A typical example of this kind of
strategy is the recognition-primed model (Klein 2008)™, describing the creation
process of decision patterns.

Zannier et al. evaluated the use of decision-making strategies in software pro-
jects in an interview study with 25 professionals. They found that decisions are
often made by mixing these types of strategies, for example, by combining rational
and naturalistic decision-making (Zannier et al. 2007). This is particularly true for
agile projects, where developers tend to employ naturalistic decision-making with
rational decision-making elements (Zannier and Maurer 2006). It should be noted
that particular software development activities might require specialized decision-
making strategies. For example, Falessi et al. present a survey on software design
decision-making strategies (Falessi et al. 2011).

Documenting Decision Knowledge. The documentation of decision knowledge
depends on the strategy that was chosen to make a decision. Some approaches
treat knowledge from rational decision-making, whereas others fit to naturalistic
decision-making.

One knowledge metamodel typically considered for documenting decisions is
QOC by MacLean et al. (1991)%. It consists of six major elements. Questions
structure the problems to be explored. Options are the considered solution alterna-
tives, which can be evaluated and ranked with the help of criteria. Assessments link
criteria to options. Arguments can be used to challenge or support all elements and
particularly assessments. Decisions reflect the option finally selected. The elements
of QOC are similar to those used in the decision representation language (DRL)
approach by Lee (1991)*. Both approaches focus on the problem addressed by a
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decision, exploring the given issue, related criteria, and solution alternatives. In
their structure, they align with rational decision-making.

On the contrary, the choice of a particular solution without extensive problem
exploration can be documented via scenario-based claims analysis by Carroll and
Rosson (1992)*. Claims advocate a certain solution. They can be supported or
challenged by arguments, stating advantages and shortcomings of the claimed
solution. Both claims and arguments are derived from a usage scenario of the
solution. This perspective on decision knowledge aligns with naturalistic
decision-making, as it focuses on a scenario and its particular needs.

The approaches to document decision knowledge revealed by our literature
review propose their own metamodels for structuring decision knowledge contents.
However, they refer to or are built upon QOC/DRL or Scenario-based Claims
Analysis. For example, Tyree and Akerman point out that integration with the
typically used rationale metamodels is desirable (Tyree and Akerman 2005)™ and
the approach of Burge and Brown (2004)™ is directly based on DRL.

It should be noted that most of the approaches presented in the following aim at
documenting design and architecture decision knowledge. In addition, we found a
model for engineering decisions in general, a conceptual model for decision
rationale in maintenance, and a claim-based decision documentation model for
project and system knowledge. Requirements were often considered when
addressing decision knowledge in design.

In the sequel, we first present the metamodel of Tyree and Akerman (2005)™ in
detail and then discuss the other approaches in comparison to it. We do so because
this metamodel is very comprehensive. In addition, it comprises 13 different
knowledge elements and can be employed as a simple text pattern with standard
text editors (see Table 7.10).

Next, we sketch the major differences between this pattern and the other
approaches (see Table 7.11, the entries are sorted in ascending order by year of
publication). Except for the approach of Smith et al., which can support naturalistic
decision-making and is therefore separated by a thick line, all other approaches
refer to rational decision-making.

Whereas the pattern of Tyree and Akerman is already comprehensive itself,
many new knowledge elements are added by other approaches. However, none
covers all. Furthermore, there is a dominance of documentation that aligns with
rational decision-making.

Regarding our vision described in Sect. 7.2, we observed that the documentation
approaches do support our vision well. Most documentation approaches offer
knowledge entities to document rationales and assumptions for decisions so that
risk management will benefit. Some approaches focus on enhancing links between
decisions and other artifacts.

For example, CM? and RATSpeak appear to be particularly useful for project
control. They couple decision documentation closely to the systems’ source code so
that project participants are informed of decisions affecting this code. Other
approaches like DGA or TREx introduce further knowledge entities, such as project
goals or decision motivation as decision attributes. This helps the project manager
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Table 7.10 Decision knowledge elements of the pattern by Tyree and Akerman

Knowledge

element Considered content

Issue Open questions addressed by the decision

Decision The alternative finally chosen in the decision

Status A state describing the current decision condition, like pending, approved, or
rejected (see Kruchten et al. 2006™ for a sophisticated status model)

Group The category the decision belongs to

Assumptions

Constraints

Assumptions concerning the context of the decision and their influences on the
alternatives considered
Limitations that result from the chosen alternative

Positions Alternatives considered in the decision

Argument Rationale supporting the selected position

Implications The consequences which arise from the decision, like the need to adapt an

artifact

Related Decisions related to the one described, e.g., due to influences or dependencies
decisions

Related Software requirements that set or influence the objectives for the described
requirements decision

Related artifacts  Other artifacts being concerned by the decision or concerning it

Related Institutional principles that concerned or influenced the decision
principles

Notes Further notes related to the decision process

to keep the decisions aligned with the projects’ requirements through additional
context information. Quality management can be enhanced by the links to quality
attributes in the approach of Capilla et al.

7.5.2 Decision Knowledge in Theory and Practice

Decisions often impact the development activity they originate from, but may also
constrain successive activities. In this section, we answer RQ1 to RQ4 with respect
to decisions and the links between decisions and system or other project knowledge.
First, we discuss the abilities of the presented approaches to capture decision
knowledge and to manage links between decisions and different knowledge areas.
Afterward, the usage of decision knowledge is described followed by a discussion
of empirical evidence and challenges.

The Capture of Decision Knowledge (RQ1, RQ3). We see three major
approaches for capturing decision knowledge and its links: manual elicitation,
automated extraction, or a hybrid approach. Whereas the manual elicitation
approaches provide support for documenting decision knowledge manually by the
users, the automated extraction approaches provide support for deriving decision
knowledge from existing sources. Hybrid approaches apply both manual elicitation
and automated extraction. In addition to the capture of the decision itself, the
approaches differ in the kinds of links they capture or create.
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Table 7.11 Additions to the pattern of Tyree and Akerman

B. Paech et al.

Approach

Main characteristics

Major Additions to Tyree
and Akerman Pattern

Cooperative conceptual
maintenance model
(CM?) (Canfora
et al. 2000)

RATSpeak (Burge and
Brown 2004)™

Jansen and Bosch (2005)™

DAMSAK (Babar
et al. 2006)™

Decision, goal, and alterna-
tives (DGA) (Falessi
et al. 2006a)

Kruchten et al. (2006)™

Capilla et al. (2007™, 2011)

Zimmermann et al. (2007)

Architecture rationale and
elements linkage
(AREL) (Tang
et al. 2007)™

ADDRA (Jansen et al. 2008)

Jansen et al. (2009)

Ko6nemann (2009)
Rockwell et al. (2009)

Toeska rationale extraction
(TREX) (Lopez
et al. 2012)

Smith et al. (2005)

Focus on decision rationale in the
software maintenance process;
comments are used to state ratio-
nales on source files

Extends DRL; emphasis on position
and argument element

Focus on architecture decisions

Focus on design decision and rationale

Extends Tyree and Akerman

Focus on design decisions; Many
relationships between decisions
such as “constrains”, “forbids”,
“enables”

Distinguishes optional and mandatory
attributes; Focus on relationships
between decisions and other
knowledge

Extends QOC

Focus on design decisions and
rationale

Focus on design decisions, identified
by the delta between two architec-
tural states

Focus on design decisions and knowl-
edge domain modeling

Focus on design decisions

Focus on engineering design

Focus on realization of non-functional
requirements (NFR)

Decisions and system and project
knowledge

Refinement of related
artifacts

Background information
like tradeofts, argu-
ment ontology

Refinement of implica-
tions through architec-
tural modifications

Scenario descriptions for
decisions

Project objectives

Enhanced state model,
decision scope

Attributes for decision
evolution, Relation-
ships to quality
attributes

Involved persons such as
decision identifier,
responsible, taker

Motivational reasons for
decisions

Problem causes

Tailored knowledge
metamodel

UML design models

Extended description of
alternatives

Ontology for architecture
and NFR; Decision
goals

Claims, references to pro-
ject knowledge

Table 7.12 provides an overview of the approaches and the links to the knowl-
edge areas with the entries sorted by year of publication in an ascending order. We
mention every tool we discovered that supports a particular approach. For the
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Table 7.12 The capture of decision knowledge in different approaches

Knowledge
Elicitation/

Approach Tool Extraction Links

CcMm? (Canfora COMANCHE Manual Decisions and code files
et al. 2000)

RATSpeak SEURAT SEURATArch- Manual Decisions and requirements and
(Burge and itecture (Wang and artifacts
Brown Burge 2010)
2004)™

Archium (Jansen Archium Manual Decisions and architectural
and Bosch knowledge
2005)™

Smith LINK-UP Manual Decisions and system and pro-
et al. (2005) ject knowledge

Tyree and - Manual Decisions and other related
Akerman decisions, requirements and
(2005)™ artifacts

DAMSAK PAKME (Babar and Manual Decisions and requirements
(Babar Gorton 2007)™
et al. 2006)™

DGA (Falessi - Manual Decisions and goals, other
et al. 2006a) related decisions, require-

ments and artifacts

Capilla ADDSS Manual Decisions and other related
et al. (2007™, decisions and architectural
2011) knowledge

AREL (Tang AREL Manual Decisions and architectural
et al. 2007)™ knowledge

Zimmermann ADkwik Hybrid Decisions and architectural
et al. (2007) knowledge

ADDRA (Jansen — Automated Decisions and architectural
et al. 2008) knowledge

Jansen Knowledge architect Hybrid Decisions and architectural
et al. (2009) knowledge

Koénemann - Manual Decisions and UML models
(2009)

Rockwell - Manual Decisions and requirements
et al. (2009)

TREx (Lopez Plugins/Rationale Automated Decisions and text documents
et al. 2012) Repository

following tools, we found a working URL: (SEURAT,9 Alrchium,10 ADDSS,11
AREL'%). A more detailed tool evaluation can be found in two tool surveys by

o http://www.users.muohio.edu/burgeje/SEURAT/

10 http://www.archium.net/

" hitp://triana.escet.urjc.es/ADDSS/

"2 http://www.ict.swin.edu.au/personal/atang/ AREL-Tool.zip


http://www.users.muohio.edu/burgeje/SEURAT/
http://www.archium.net/
http://triana.escet.urjc.es/ADDSS/
http://www.ict.swin.edu.au/personal/atang/AREL-Tool.zip
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Tang et al. (2010), Babar et al. (2007), which were also brought up by our literature
review. The early approaches up to AREL and the approach of Rockwell et al. and
Konemann record decision rationales and create links manually by user input.
ADDRA and TREx use automated tool-supported extraction of decision rationales
from given artifacts. ADDRA recovers architectural models from given source code
and other documents and then derives architectural deltas indicating decisions.
TREx gathers decision knowledge by text mining in given plaintext development
documents.

Two hybrid approaches by Zimmermann et al. and Jansen et al. allow users to
enter data manually according to the respective metamodels. Zimmermann
et al. also use requirement descriptions to derive an initial description of the design
decisions for the software. Jansen et al. manually extract a project-specific decision
rationale model.

Regarding the knowledge areas, many approaches link decisions and architec-
tural knowledge or requirements on which they are grounded or which they impact.
Additionally, links to other related decisions are supported. The CM? approach and
RATSpeak with SEURAT enable developers to link their decision rationale
descriptions manually to their respective code file. The approach of Smith
et al. allows annotating system or project knowledge elements with claims. In
particular, project deadlines and the resource planning for projects can be linked
to decision knowledge. The pattern of Tyree and Akerman, and therefore also DGA,
provide the option to manually create links to any decision-related artifact from the
development process. The TREx approach links a decision rationale to the docu-
ments it originates from.

Altogether, we observe that decisions are mainly linked to system knowledge,
such as system components or requirements. Links focusing on project knowledge
can only be found in the approach of Smith et al. Our literature review did not reveal
any approach linking work items and decisions. In contrast to the capture of work
items and their links, decisions and their links are mainly captured manually. One
reason for this is probably that so far, no commercial tool for the decision capture
does exist.

Usage of Decision Knowledge (RQ2). An overview of all usages and the
corresponding approaches can be found in Table 7.13.

Many benefits presented in our vision in Sect. 7.2 are supported in these
approaches. All approaches aim to increase the understanding of development by
transparent decision-making and direct navigation. These usages serve to improve
project execution as well as to manage quality. One approach directly aims at
enhancing risk management. Two approaches support decision enforcement: Zim-
mermann et al. propose to inject decision contents when models are transformed or
code is generated and Konemann advocates a similar idea when decisions are
captured with their corresponding UML models. Four approaches support impact
analysis for decision changes.

In addition to tracing the decision impact, AREL also supports tracing decisions
to other knowledge along their causes. Thus, causes such as requirements or
constraints can be uncovered when assessing a knowledge element. However, no
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Table 7.13 Usages for decision knowledge

Usage Approaches
Transparent decision- All
making
Direct navigation All
Decision enforcement Zimmermann et al. (2007), Kénemann (2009)
Impact analysis RATSpeak (Burge and Brown 2004), AREL (Tang et al. 2007)™, ADDRA

(Jansen et al. 2008), (Jansen et al. 2009)
Risk management Smith et al. (2005)

approach provides particular support for analyzing the impact of system knowledge
changes on decision knowledge or for information distribution. Also, no approach
particularly supports quality management or stakeholder communication.

Empirical Evaluation of Documentation and Usage (RQ4). As discussed in
the last section, the documentation of decision knowledge can be beneficial for
development activities and for software project management in particular. Some
empirical evidence for this was revealed by our literature review, but there are also
challenges uncovered by empirical research. In Table 7.14, an overview of empir-
ical studies is given, grouped by their approach or topic.

The need for documenting decisions in software projects is shown in a study
conducted by Aurum et al., who interviewed key project team members in a
software project with 30 team members of a large Australian insurance company
(Aurum et al. 2006). It was found that many decisions were made uninformed, as
the issue perception of team members is heterogeneous and the decision leader and
decision executor are not the same person by default. Here, there is the need to
discuss and align different understandings of issues within the project, which can be
done by evaluating and reviewing the documentation of decisions.

Falessi et al. conducted two controlled experiments employing the DGA
approach, including the pattern of Tyree and Akerman (2005). They involved
50 master students per study at two universities in Italy and Spain (Falessi
et al. 2008a, b). The subjects had to evaluate given decision descriptions structured
by the DGA approach. In detail, it was asked whether particular knowledge
elements were required in order to understand the documented decision. In both
studies, the decision knowledge elements “Issue,” “Decision,” and “Related
requirements” were found to be the three elements that were required by most
participants. Moreover, the evaluation of their Italian study showed that DGA
documentation did not significantly affect the time needed for the individual and
team decision process, but increased the effectiveness of both decision processes
(Falessi et al. 2006b).

A controlled experiment for RATSpeak and SEURAT was performed with two
groups of ten users. It indicated that identifying changes in the code and
maintaining software was alleviated by the use of SEURAT (Burge and Brown
2008)™.

However, threats to validity exist for each study. The project studied in Aurum
et al. (2006) was complex and customer-specific, so results might vary for smaller
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Table 7.14 Empirical evaluation of decision knowledge documentation

Topic or approach Empirical evidence

Needs for decision knowledge Industrial (Aurum et al. 2006)
RATSpeak with SEURAT, impact analysis Academic (Burge and Brown 2008)™
DGA Academic (Falessi et al. 2006b, 2008a, b)
Challenges in decision documentation Industrial (Tang et al. 2006)™

projects and projects in different domains. Falessi et al. point out the designed
environment of their study, which might affect the transfer of the results to practice
(Falessi et al. 2006b). Burge and Brown particularly mention the small size of the
groups in their study as a cause for individual differences (Burge and Brown 2008).

Furthermore, some challenges exist that might influence the success of
establishing and using a decision documentation culture in a project. A survey of
Tang et al. with 81 practitioners revealed two kinds of challenges (Tang
et al. 2006)™. Similar challenges are described in Dutoit et al. (2006)*.

¢ Psychological challenges: People tend to document positive information more
often than negative. Especially when using decisions as a measure for uncer-
tainty, the documented knowledge may not fully reflect the given information in
a project. In addition, staff members may be interested not to disclose all their
knowledge in order to strengthen their own position. So it is important to
establish a knowledge sharing culture in a project and reward knowledge-sharing
actively.

» Practical challenges: Team members may not be able or do not want to spend
the effort of documenting decisions and their rationales. It is important to plan
the project in a way that allows knowledge documentation and reflection. Also,
the given approaches to document decision knowledge are likely not to fit all
project contexts. In small and noncomplex projects, rationale documentation is
not found to be necessary by team members due to the increased effort with low
benefits at hand. Therefore, it is necessary to tailor the documentation technique
to individual project needs. Moreover, the tool support for documenting decision
knowledge is limited.

Altogether, there is a first evidence for the need of decision knowledge, as well
as for the usefulness of some decision knowledge. The evidence regarding
RATSpeak and SEURAT supports the benefits of links between system knowledge
and decisions. However, it is likely that establishing the capture of decision
knowledge is more difficult than for work items and their knowledge.
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7.6 Research Issues on Integrating System and Project
Knowledge

Our vision on ISPKM discussed many practical benefits. As can be seen from
Table 7.1, many of them have been confirmed for work items in the first studies.
Also, for the usefulness of decision knowledge, some evidence does exist. In the
following, we list several research challenges that need to be solved to make
ISPKM really useful in practice.

The literature review on work items has shown that only few approaches support
explicit links to work items. Code is mainly linked to bug reports. Furthermore,
work items have so far not been linked to design. The links are mainly used for
navigation, comprehension support, assignment of work, and support of the change
process in terms of change awareness, motivation to keep system knowledge up-to-
date, and impact analysis.

The literature review on decision knowledge has shown that decision knowledge
in itself is very complex. There are many different approaches to its documentation,
mainly focusing on rational decision-making. Furthermore, most approaches rely
on the project participants to create the decision knowledge manually. Thus, the
capture effort is a major problem. Decisions are mostly linked to system knowledge
and used for direct navigation. In the area of project management, risk management
is supported by the capture of rationales. First approaches exist that support the
consistency between decisions and the impacted knowledge, but their usage for
information distribution and stakeholder communication is not yet supported. Also,
work items and decisions are not linked.

The following research issues are derived from the gap between our vision in
ISPKM and the insights above, as well as from our experiences based on the work
we described in Sect. 7.4.2.

7.6.1 Project Knowledge

Improved documentation of decisions mixing naturalistic and rational decision-
making: As discussed in Sect. 7.5.1, empirical evidence has shown that project
participants apply both rational and naturalistic decision-making. Thus, it is impor-
tant that these two kinds can be supported in parallel. However, only very few
approaches support naturalistic decision-making. In our view, this is one of the
reasons, why decision knowledge capture is not accepted in practice. As can be seen
from the use of social media in software projects (see Chap. 16), software project
participants like to share knowledge in a flexible way. Furthermore, it should be
possible to transform rational decision knowledge into naturalistic knowledge and
vice versa. Thus, it is necessary to study how naturalistic decision-making can be
supported. For example, it should be possible to condense all rationales and
decisions relevant for a specific system knowledge element into one claim that


http://dx.doi.org/10.1007/978-3-642-55035-5_16

186 B. Paech et al.

argues for this specific element. Similarly, it should be possible to start out with
claims and gradually enrich these with decision knowledge and rationales. The
transformation between these two kinds could also help to support the enforcement
of decisions in the corresponding knowledge.

Integrating work items and decision knowledge to alleviate the decision cap-
ture: An additional way to alleviate the capture of decision knowledge is to relate it
to work items. Decisions result from the work that is continually done in the project,
which is described in work items. Every time a work item is performed, decisions
have been made before, while, or after working. Thus, work items and decisions
could be captured together and linked directly (similar to the capture of links to
code described in Sect. 7.4.2) so that the context and history of decisions is
understood from the project knowledge point of view. Furthermore, the system
knowledge linked to the work items could provide a context for the decisions. Both
benefits also work the other way round. Decisions provide project context for the
work items, and system knowledge related to decisions provides system knowledge
important for the work item. Care must be taken to minimize the capture effort, so
that, for example, requirements need not be linked manually to both work items and
decisions. As discussed below, all these links should be exploited with dedicated
algorithms and aggregated for project monitoring, reporting, and risk management.

Dealing with implicit knowledge related to decisions based on links: It is well
known that because of the huge amount of implicit knowledge in software projects,
access to implicit knowledge (often called tacit knowledge) should also be
supported (Gervasi et al. 2013). Based on our experiences with links between
work items and system knowledge, we suggest that links from system and project
knowledge to the persons touching it could be captured automatically. They then
serve as a hint of where to find implicit knowledge.

7.6.2 System and Project Knowledge

Improved capture of links: Clearly, efficient capture of the links is of utmost
importance for link usage in practice. This is a general issue, not only for links
concerning work items or decisions (Cleland-Huang et al. 2012). There are many
approaches using IR techniques, but precision and recall is in general not yet
sufficient for practice. Therefore, it is important to use other information in the
link creation process such as logs from the development process. The semiauto-
matic capture based on logging provided by MyLyn and our approach are first steps
in this direction.

More comprehensive integration of system knowledge: The existing
approaches should be extended to deal with other kinds of system knowledge. In
particular, the semi-automatic approaches of capturing related system knowledge
while working on a work item could be extended to also capture related design and
test or project knowledge. In addition, more different kinds of work items could be
supported when creating and using the links. As for work items, current decision
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knowledge approaches do not comprehensively relate decisions and system knowl-
edge. In particular, decisions concerning code or tests are not documented explicitly
so far. Furthermore, there are many different approaches for capturing architectural
decision knowledge. Thus, research is necessary to identify the most important
decision knowledge elements for the different system knowledge areas.

Intelligent exploitation and management of the links: Links can be exploited to
uncover further relationships between system and project knowledge elements. As
suggested in our own approach (Sect. 7.4.2), from the links between requirements
and a work item as well as between the work item and the code, one can infer direct
links between requirements and code. However, over time, links inferred from one
work item might be made obsolete by work on other work items. Thus, intelligent
algorithms are needed to discard derived links not relevant any longer. In general,
intelligent algorithms are needed to manage the links over time. Very likely, this
will depend on the kind of knowledge and links so that many different dedicated
approaches need to be developed.

Improved support for project managers: In Sect. 7.2, we have listed many
project management activities that could be supported by ISPKM. For many of
them, some first approaches and evidence exist (see Table 7.1). More such
approaches need to be developed. In any case, the approaches need to be incorpo-
rated into commercial tools. For issue trackers, this seems to be viable in the near
future.

More empirical evidence: As there are only few approaches integrating system
and project knowledge management comprehensively, empirical studies on the
benefits of the integration can so far only be conducted as experiments such as
Maeder and Egyed (2011). More such evidence is needed. In particular, it is
important to understand the benefits of semiautomatic capture (similar to our
approach) and to conduct studies in industry. The latter will only be possible if
these ideas are integrated into commercial tools as mentioned above.

7.7 Conclusions and Outlook

This chapter discussed the capture and use of work items and decisions and related
system and project knowledge. While work items are often captured in practice,
only few approaches link them explicitly with other kinds of knowledge. In
contrast, decisions are rarely captured in practice; however, there are many differ-
ent academic approaches for their documentation. In both cases, some first empir-
ical evidence exists that links between work items or decisions on the one hand and
system and other project knowledge on the other hand are beneficial in general and
in particular for project management activities.

Our own work focuses on two aspects: In order to alleviate the capture of system
and project knowledge and their links, we are working on the semi-automatic
capture and exploitation of links between work items and other kinds of knowledge.
In order to support decision-making in practice, we work on tool support to
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integrate naturalistic and rational decision-making. Based on these two results, we
hope to be able to support and study ISPKM in practice.
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Chapter 8
Framework for Implementing Product
Portfolio Management in Software Business

Erik Jagroep, Inge van de Weerd, Sjaak Brinkkemper, and Ton Dobbe

Abstract Whether a software product company takes up a project depends on the
strategic decisions that are made with regard to an organization’s products. A software
project needs to fit strategic goals and enable an organization to realize a vision through
its software products. Making decisions on a strategic level, however, requires infor-
mation of several related topics including technological trends and the product’s life
cycle and surpasses the scope of an individual software project. Instead, these decisions
are made on the level of the product portfolio. Product Portfolio Management (PPM)
holds that an organization has to manage investment decisions over time following
profit and risk criteria. Given the multitude of relevant topics and the interrelatedness
between these topics, it has proven difficult to implement PPM processes in software
businesses. To this end, we created the Portfolio Implementation Framework (PIF)
consisting of (a) a competence model, giving an overview of the critical topics;
(b) process-deliverable diagrams, which provide an implementation path for product
portfolio management processes; and (c) a maturity matrix that comprises 32 capabil-
ities, which should be realized during implementation. The maturity matrix also serves
as an instrument for industry to assess, compare and improve portfolio management
processes across organizations. The framework provides a holistic view on a step-by-
step PPM process implementation and has proved its applicability in practice.
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8.1 Introduction

This chapter deals with project management from the perspective of the software
business. Rather than individual projects, entire product and project portfolios are
considered to ensure business can continue in both the short and long term. With the
introduction of the portfolio matrix by the Boston Consulting Group in the 1970s
and extensions like the ones made by Higgins (1985), the topic of Product Portfolio
Management (PPM) has enjoyed a prominent position on the scientific research
agenda. The principle has been applied to different kinds of products, new portfolio
matrices have emerged (Ward and Peppard 2006) and ongoing research has been
conducted on different aspects of PPM. These include comparisons to methods for
financial portfolios (Wind 1975), portfolio management methods combined with
managing new product development (Cooper et al. 2001) and tools for portfolio
evaluation (Cooper and Edgett 2008). Related to PPM, project portfolio manage-
ment (PjPM) (Kittlaus and Clough 2006; Killen et al. 2008) and product life cycle
management (Saaksvuori and Immonen 2008) are also identified as important
processes.

A central discipline with regard to PPM is software product management, which
is defined as the “...discipline and role, which governs a product (or solution or
service) from its inception to the market/customer delivery in order to generate the
biggest possible value to the business” (Ebert 2007). PPM has been identified as
one of the four business functions with regard to software product management,
next to product planning, release planning and requirements management (Bekkers
et al. 2010). Though relatively less established than software project management,
software product management has been confirmed as a key area within many
software companies (Fricker et al. 2009). Ebert (2007) continues that a product
manager should aim at having the right product mix and selecting the right projects
to implement a specific strategy. The selected projects are the responsibility of the
project manager, making him a key figure in helping to realize the organizational
strategy. This strategic context is also discussed in terms of ‘decisions’ in Chap. 7.

The relation between portfolio management and software projects is elaborated
upon further by Cooper et al. (2001) by identifying ailments of having ineffective
portfolio management. These are

* Missing strategic criteria in project selection

e Selecting low-value projects due to deficient go/kill and project selection
decisions

e Lack of focus resulting in too many active projects and thinly spread resources
leading to increased time to market, poor quality of execution and decreased
success rates.

» Selection of project based on politics, opinion and emotion rather than facts and
objective criteria.
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Given that PPM is defined as managing investment decisions over time follow-
ing profit and risk criteria and concerns the strategic information gathering and
decision-making across the entire product portfolio (Kittlaus and Clough 2006;
Bekkers et al. 2010), PPM could help in overcoming the identified ailments.
Portfolio management is about choosing which products should be introduced,
developed or even discontinued and determining which are in line with the orga-
nizational strategy and remain profitable in the short and long term. In this light, it is
not without reason that a product manager is projected as the ‘mini-CEO’ of a
product (McNally et al. 2009). The project manager should be familiar with this
through the ‘portfolio management’ perspective described in the Project Manage-
ment Body of Knowledge (PMBOK).

This research aims at providing a means for implementing PPM processes within
an organization. More specifically, the processes are to be structured to fit the
processes of software businesses. However, a sole focus on PPM will not provide a
complete solution. Given their interrelatedness, topics like market analysis, product
life cycle management (PLM), partnering and contracting (Bekkers et al. 2010) and
PjPM (Kittlaus and Clough 2006) should also be included. The main related topics
that can be identified are PLM and PjPM and are further elaborated upon below.

PLM is defined as a business approach integrating people, processes, business
systems and information to manage the complete life cycle of a product across
enterprises (Lee et al. 2007). Considering the strategic scope of PPM and the scope
of PPM in general, a connection can be made between the decisions that need to be
made on the portfolio level and the information that is made available through
PLM. Indeed, the core of product life cycle management is the preservation
and storage of information relating to an organization’s products and activities
(Saaksvuori and Immonen 2008).

PjPM is the central management of one or several portfolios in terms of
identification, prioritization, authorization, organization, realization and controlling
of its associated projects (Stantchev et al. 2009). Looking back at the definition of
PPM it is clear that projects surrounding a product are an example of the investment
decisions that have to be made and that project managers have a key task in
realising these projects in an efficient, qualitatively high and timely manner. To
stress the importance, Stantchev et al. (Stantchev et al. 2009) state that in uncertain
times, organizations focus even more on the effective allocation of scarce world-
wide resources to their development projects.

The topics related to PPM have been researched in terms of defined capabilities
(Bekkers et al. 2010), maturity models (Saaksvuori and Immonen 2008; Batenburg
et al. 2006) and implementation trajectories (Batenburg et al. 2006; de Reyck
et al. 2005), and in some cases, combinations of these topics are discussed
(Cooper et al. 2001; Kittlaus and Clough 2006). However, no attempt has been
made on creating a means of implementing PPM processes that encompasses all
related topics. Note that this does not mean that the existing models are not correct.
Rather, the main issue with only taking up one specific topic is that even though the
results have a proven value in practice, to fully experience the benefits of PPM also,
the implementation and operationalization of the other aspects have to be taken into
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account. Keeping this in mind, we have formulated the following research question
for this research: “How can product portfolio management be implemented in
software businesses to enable the corporate strategy?”

To answer this question, we propose the Software Product Portfolio Manage-
ment Implementation Framework, or PIF in short, which consists of a competence
model, process-deliverable diagrams (PDDs) and a maturity matrix. The framework
provides a step-by-step process for implementing PPM processes and also
addresses the interdependencies of these processes with the topics that are related
to PPM. Thus, PIF provides a holistic view of PPM process implementation. The
maturity comprises the capabilities associated with PPM and enables organizations
to determine their maturity level within the different focus areas.

In the remainder of this chapter, we first present the followed research approach.
In Sect. 8.3, we explain more the theory-building case study that has been
performed. We continue with the presentation of PIF in Sects 8.4 and 8.5. This is
followed by a theory-testing case study (Sect. 8.6) and the conclusions and recom-
mendations for further research.

8.2 Research Approach

The applied research methodology can be described as design science (Hevner
et al. 2004) since new artifacts are created with the purpose of fulfilling an identified
business need, namely, the need for directions on implementing PPM processes.
The artifact in this research is the aforementioned PIF containing a competence
model, PDDs and a maturity matrix. During the individual activities in the proposed
method, the five phases of design research, awareness of the problem, suggestion,
development, evaluation and conclusion (Vaishnavi and Kuechler 2004; Takeda
et al. 1990) have been applied. However, given their more explicit methodology, we
follow the six-step methodology as defined by Pfeffers et al. (Pfeffers et al. 2007).
The problem motivating our research (1) is the question on how to implement PPM
within software businesses in a holistic manner. In this specific case, holistic means
that related topics are also taken into account in the solution. Given that PIF
includes a competence model, focus area maturity matrix and PDDs that provide
an implementation path for this purpose, the objective of our solution (2) is to
provide a well-founded framework for the step-by-step implementation of PPM
processes.

The design and development (3) of PIF is drawn from both literature on PPM and
practice of PPM and related topics. Literature analysis helped in defining the areas,
identifying the related topics that are of importance and thereby providing a solid
base, whereas the practical aspect helped to confirm, adjust or extend the findings
from literature. The first steps in this stage resulted in a preliminary PIF. By
performing case studies, we provided ourselves with a complete set of information
to construct the final PIF. By applying PIF in case studies, the framework has been
demonstrated to be able to be applied in practice (4). However, since only two case
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studies have been performed, further demonstration of PIF must take place by
applying PIF in the field. The evaluation (5) of PIF is done through case studies
and expert interviews, where during the construction of PIF the methods as
described by Bekkers et al. (2010), Weerd I van de (2009) and van Steenbergen
et al. (2010) have been followed. Publication in scientific conferences and journals
as well as practitioner outlets covers the communication regarding PIF (6).

The activities that comprise this research are depicted in Fig. 8.1. The figure
shows the research activities that have been performed in the form of rounded
rectangles on the left-hand side and the products of these activities in the form of
rectangles on the right-hand side. The arrows indicate the flow of the research, in
this case the order in which the activities have been performed. The first activity
included a literature analysis and interviews. We first performed a thorough liter-
ature analysis and conducted interviews to get a clear scope in the area of PPM. As a
result of this study, an initial set of guidelines was created. These guidelines were
based on best practices, lessons learned and existing methods and models and form
the foundation of the framework.

The next step was the theory-building case study at COMPI1, a large Dutch
software organization. The results from this case study combined with the afore-
mentioned guidelines formed the basis for the preliminary PIF. The final activity
comprised a theory-testing case study where the preliminary PIF has been applied at
another large Dutch software organization (COMP2) in order to validate and refine
the preliminary framework. This activity resulted in the final version of PIF. In the
remainder of this section, a more thorough description of each of the research
activities is presented. More details on COMP1 and COMP2 are given in the
specific sections they apply to.

8.2.1 Literature Analysis and Interviews

In this stage, we used a literature study and interviews to find a direction for the
solution of the described problem. During the literature study, apart from the theory
on PPM itself, we also identified literature related to PPM. This resulted in a list of
relevant PPM topics consisting of project portfolio management, product life cycle
management, strategy, information requirements, information technology and
tools. In the second step of the literature analysis, the identified topics were further
investigated, and a list of key issues was created that are of influence for PPM. The
key issues were identified using three criteria:

1. The issues must be mentioned by the majority of the authors.

2. Issues should (logically) be linked to other important aspects to create a solid
framework.

3. Issues should be linked to matrices and models available in literature.
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Consider, for example, ‘link projects to strategic objectives’ as a key issue
stemming from PjPM literature. This issue holds a direct relation with the further
development of a product and thereby the overall status of the product portfolio.
Inspired by grounded theory research (Charmaz 2006) using the principles of
qualitative analysis (Denzin and Lincoln 2011), all key issues were coded to be
able to categorize them and refer back to them at a later moment in the research. For
this principle, two main activities are identified: coding and continuous comparison.
During the analysis, key issues for each topic have been identified, coded and
categorized. Through the activity of continuous comparison, relations between
the categories and literature have been identified. The codes, presented in Jagroep
et al. (2011a), consist of three parts showing respectively the source of the key
issue, the section and a numbering. For example, ‘iv-plm-1’ indicates the first key
issue stemming from interviews on the topics of PLM, compared to ‘t-ppm-2’,
which indicates the second key issue stemming from the theory on the topic
of PPM.

The second part of this phase consisted of interviews conducted at COMP1 to
research the state of affairs of product portfolio management practice at this
organization. Considering the explorative nature, a semi-structured interview was
used for two reasons: (1) to question the topics that had been identified during the
literature analysis and (2) to leave room for the interviewees to discuss other topics
relevant to PPM. In total, 13 interviews were held with product managers situated in
the Netherlands, The United Kingdom, Sweden and Spain. As with the literature
analysis, the results of the interviews were transformed into key issues that in turn
were coded following the scheme presented earlier.
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8.2.2 Theory-Building Case Study and Evaluation

In this stage, we performed a theory-building case study and an evaluation, which
resulted in the preliminary PIF. The first activity in this stage was the creation of an
entity that would be used in the theory-building case study. Following the ‘develop/
build’ and ‘justify/evaluate’ cycle (Hevner et al. 2004), we started with the creation
of the competence model, building heavily on the continuous comparison activity
as identified with the principles of qualitative analysis. In this model, an overview is
presented on PPM and all topics related to PPM. To identify these topics, we built
on the guidelines and categorized them into a set of topics that were to become part
of the model. In most cases, this would be a one-to-one mapping of the exact topic,
PLM would remain PLM, for example. However, the topic ‘information require-
ments’ was too vague to make part of the competence model. In these cases, the
coded key issues were considered again to make a different, more concrete cate-
gory. In this specific example, ‘information requirements’ resulted in ‘gatekeeper
introduction’ and additions to the topics ‘information technology’ and ‘process
formalization’.

The second activity was to create the associated PDDs on the topics that had
been identified in the competence model. In a PDD, the processes are modelled on
the left-hand side and show the activities that should be performed in order to reach
a desired goal. On the right-hand side, the corresponding deliverables for each
activity are given. A deliverable is not limited to result from a single activity,
though. For example, the activity of creating a central project administration should
result in a corresponding deliverable (e.g., project database). However, this deliv-
erable is adapted when the activity of defining separate portfolios is performed.
During the process of constructing the PDDs, the main focus was to create a process
that would enable an organization to cope with the identified key issues for that
specific topic. The PDDs thus suggest an implementation path starting from the top
of the diagram. Further information on PDDs can be found in Weerd I van de and
Brinkkemper (2008).

With this initial framework, we conducted a case study where the framework
was applied at COMP1. For this case study, the five major process steps as in
Runeson and Host (2009), (1) case study design, (2) preparation of data collection,
(3) collecting evidence, (4) analysis of collected data and (5) reporting, were
followed. The design of the case study has been sketched above; the objective is
to create a framework for PPM process implementation. Given the focus on
software products, the case has been selected to be a large Dutch software organi-
zation with the individual business units being the units of analysis (Yin 2009). The
units of analysis have been selected based on the criteria that the persons involved
had to be responsible for at least one product in the organizational portfolio.

The preparation of data collection and the analysis of the results are described in
Jagroep et al. (2011a). For the actual collection of the evidence, the first-degree
technique of interviews has been applied. With interviews, the researcher is in
direct contact with the subjects and collects data in real time in Runeson and Host
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(2009). The interview itself is semi-structured, allowing for improvisation and
exploration of the studied subjects where a pyramid model has been applied.
With regard to reporting the research, the structure as proposed by in Runeson
and Host (2009) has been utilized.

Based on the results of the case study, the decision was also made to create a
maturity matrix. The construction of this matrix followed after realizing that there is
an increase in the maturity of the portfolio management processes when the PDDs
are followed. This maturity increase, however, was not clearly visible in the
competence model and PDDs. Thus, a maturity matrix was constructed to provide
this clarity. In the matrix, maturity is shown in the form of capabilities, where a
capability is defined as ‘a demonstrable ability and capacity to perform a certain
process at a certain level” (Weerd I van de 2009). A more detailed description of the
maturity matrix is presented in Sect. 8.5.

The final activity performed in this phase was an evaluation of the artifacts.
Specifically, an expert evaluation has been performed on respectively the PDDs and
the maturity matrix. Four experts in the field of software product management
(independent from the research) have participated by assessing the framework and
proposing improvements through answering interview questions and discussion.
These interview results have also been processed for the construction of the
preliminary PIF.

8.2.3 Theory-Testing Case Study

For constructing the final version of PIF, a theory-testing case study has been
performed. In this phase, PIF has been validated through a case study at COMP2,
a company similar to COMP1 in terms of products and customer base, but with a
different culture, philosophy and organizational traits. Given the fact that this case
study is done separately from the theory-building case study, a separate plan for this
case study has been developed based on Runeson and Host (2009). Thus again, the
five major process, being (1) case study design, (2) preparation of data collection,
(3) collecting evidence, (4) analysis of collected data and (5) reporting, are
followed for conducting this case study.

With regard to the design of the case study, the objective is to improve the theory
on the existing preliminary PIF (Jagroep et al. 2011b) by confirming the theory or
provide grounds for alterations. The case has been carefully selected to have an
identical context as the previous work, namely, the Dutch software industry. In this
sense, the case is the large Dutch software organization and the units of analysis are
the individual business units that have participated in the case study (Yin 2009).
The units of analysis have been selected based on the criteria that the persons
involved had to be responsible for at least two products in the organizational
portfolio. In comparison to the theory-building case study, these persons are active
on a more strategic level, which fits the nature of product portfolio management.
The theoretical background on this topic is provided by Bekkers et al. (2010) and
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Jagroep et al. (2011b). The analysis of the collected data was kept identical to the
theory-building case study for reasons of consistency. With regard to reporting the
research, again the structure as proposed by in Runeson and Host (2009) was applied.

8.2.4 Threats to Validity

With regard to the validity of the case studies that have been performed, we discuss
the four aspects as proposed by Yin (2009). For the threats to construct validity, we
deliberately made the starting point for this research a literature study. Based on the
models and definitions that were found, a solid framework was created for PPM and
the related topics. In the interviews for the case study, the definitions of the terms
were taken up to ensure that there was a common understanding of the topics. All
findings from the interviews were linked to the theoretical framework, and the chain
of evidence was kept intact as presented in Jagroep et al. (2011a). Finally, the expert
evaluation completed the cycle for triangulation. Also, the fact that the interviews
for the theory-testing case study were conducted on the level of portfolio managers
ensured that different views could be taken up in the research. The threats to the
internal validity are taken up with the holistic approach that has been taken up in
this research. Instead of focusing solely on PPM or a related topic, the complete set
of topics has been taken into account. Therefore, the effects of factors that influence
the process in one area could relatively easily be related to other areas when this
seemed the case.

The external validity is purposefully limited to software products. Through
multiple embedded case studies, though solely within the Dutch software industry,
it became clear that the results could be applied to the organizations independent of
one another. An interesting fact is that these organizations are also active on an
international level; however, since this was not the main focus, no conclusions can
be drawn from this. Also, since the framework is related to other literature and
models that have been applied in practice, for example, Weerd I van de et al. (2006),
the threats to external validity have been kept to a minimum. With regard to the
reliability of the case studies, we set up a protocol (Jagroep et al. 2011a) that has
been consistently applied in both case studies and encompassed the coding and
analysis of the data.

8.3 Theory-Building Case Study and Evaluation

8.3.1 Theory-Building Case Study

In the theory-building case study, performed at COMP1I, the research artifacts have
been evaluated to construct and apply the preliminary version of PIF. COMP1 is a



202 E. Jagroep et al.

large software company founded in the Netherlands and has over 4,000 employees
in 24 countries worldwide. With a product portfolio of more than 100 products,
COMP1 is considered an important player in the global software market. For this
case study, 11 product managers from COMP1 were interviewed. These product
managers were the units of analysis and were responsible for products in, amongst
others, the ERP, bookkeeping, governmental, retail and healthcare sectors and were
situated in business units in the Netherlands, Sweden, Spain and the UK.

In this stage, what has been later labeled ‘preliminary PIF’ consisted of an
implementation model overview and the associated PDDs for the focus areas
(Jagroep et al. 2011b). Based on the literature analysis, in total nine focus areas
were identified, which are ‘initiation’, ‘strategy implementation’, ‘gatekeeper intro-
duction’, ‘PLM’, ‘PPM’, ‘PjPM’, ‘process formalization’, ‘information technol-
ogy’ and ‘tooling’. Also, based on the literature analysis, these focus areas were in
turn divided into three categories, being ‘strategic processes’, which guide an
organization in realizing a fully operational implementation, ‘core processes’, the
main processes concerning product portfolio management, and ‘supporting pro-
cesses’, designed to facilitate the creation of instruments required for portfolio
management.

As stated, the maturity matrix was constructed in a later stage of the case study,
when it became apparent that the notion of maturity was not clearly represented in
the framework. For the initial assessment, the PDDs were used and operationalized
in the form of a spider graph (Fig. 8.2). Each participant described the processes,
and a maturity level was determined by scoring the participant on a scale of zero
(not mature) to five (most mature). This scoring was done based on the current
position in the PDD. The spider graphs show each of the focus areas along with a
score on each dimension based on their current activity according to the PDD. The
assessments of the PPM processes resulting from the case studies have shown that
the preliminary PIF could indeed be applied to software businesses. The capabilities
in the matrix could be applied to both their departmental and organizational
processes and provided a clear picture on the current status of their processes.

Based on the information that is contained in the spider graphs, the decision was
made to construct a maturity matrix. For each of these focus areas, capabilities have
been identified. These capabilities are based on the earlier-mentioned key issues,
guidelines and existing maturity models. This information was also mapped on to
the PDDs for each focus area to ensure that these artifacts would be compatible. In
this sense, the two can be considered complementary; the capabilities represent the
ability to perform an activity, and the PDDs show the actual activities and forth-
coming deliverables required for implementing these activities. With regard to the
dependencies between capabilities and their position in the maturity matrix, the
PDDs proved useful as they indicate an order of implementation, prerequisites and
other dependencies for the capabilities. A more detailed description is presented in
Sect. 8.5.
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8.3.2 Expert Evaluation

In this phase, the preliminary PIF artifacts (the competence model and PDDs) have
again been evaluated. In total, four experts in the area of software product man-
agement have been interviewed using a semi-structured interview. The questions
were aimed at evaluating the presentation of the framework, its completeness and
the affordance. A question, for example, covered whether the experts found that
there is a clear increase in maturity when the activities for each topic are performed.
In total, six questions were formulated with the possibility of side-stepping when
required. Before continuing to discuss the results, however, a remark should be
made on the scope of the evaluation. Due to limited time, resources and availability
of experts, the scope of the evaluation was limited to the core processes of the
competence model. Though all topics are of importance, by limiting the scope the
quality of the evaluation did not have to be compromised.

Based on the responses, a number of alterations were made to the framework that
resulted in the form presented in this chapter. The first was on the view of the PDDs.
In the earlier versions, the framework also encompassed activities that were con-
sidered as actions within the portfolio management process. The view that is taken
up now is that of setting up the processes. Secondly, various alterations have been
made to the framework with regard to PPM and PM. Amongst others, the activity of
defining separate portfolios has been added. On the integration of these topics, an
alteration was to let the project portfolio be managed by the portfolio review board
instead of a separate project portfolio committee. For the full list of alterations, see
Jagroep et al. (Jagroep et al. 2011a).
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8.4 Software Product Portfolio Management
Implementation Framework

8.4.1 Introduction

The Software Product Portfolio Management Implementation Framework, intro-
duced as PIF, consists of a competence model (Fig. 8.3), PDDs and a maturity
matrix (Sect. 8.5). For the construction of the final PIF, we followed the method as
defined in van Steenbergen et al. (2010), where four process phases are identified,
namely, (1) scope, (2) design model, (3) develop instrument, and (4) implement &
exploit. In the scoping phase (1), performed during the literature analysis and
interviews phase and the theory-building case study of the research methodology,
we identified the topics that needed to be included in the framework. Going towards
the design phase (2), the focus areas of the competence model were identified.
These are ‘Initiation’, ‘Strategy implementation’, ‘Gatekeeper introduction’, ‘Prod-
uct Life Cycle Management’, ‘Product Portfolio Management’, ‘Project portfolio
Management’, ‘Process formalization’, ‘Information technology’ and ‘Tooling’.
Figure 8.3 shows how the focus areas are categorized according to their role within
the process of implementing product portfolio management processes within an
organization.

To provide more insight in the strategic value of PPM processes, Fig. 8.3 shows
the focus areas in the context of an organization. For example, the board can expect
information concerning the mid and long-term strategy and vision as output from
the PPM processes. On a more operational level, however, the support department
can expect to obtain product quality control information out of the PPM processes.
This context has been added to the figure based on the results of the theory-building
case study. Note, however, that this context overlaps with the stake- holders as
identified in the PMBOK, again showing the interrelatedness between the subjects.

For the development of the instrument (phase 3), it is suggested to perform the
activities of developing an assessment instrument and define improvement actions
(van Steenbergen et al. 2010). The first is actually embedded in the capabilities that
have been defined, considering that a yes/no question can be posed as to whether an
organization possesses a specific capability. The improvement actions are
suggested in the PDDs. At any point in time, an organization can fall back to the
capabilities to determine what the next capability is and on the PDDs to determine
the activities and deliverables required to reach that capability.

The final phase in this method, the implementation & exploitation phase (4),
consists of implementing the framework, iteratively improving and communicating
the results. Looking back at the research methodology (Fig. 8.1), it is clear that
these activities are performed through applying PIF in case studies. The results of
each case study contributed to finalizing PIF, making it the framework presented in
this research.
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Fig. 8.3 Software product portfolio management competence model

With regard to the exploitation of the model by industry, PIF is positioned as a
situational model for organizations, more specifically product software businesses,
looking for improving their PPM processes. ‘Situational’ implies that not every
organization is required to reach the highest level of maturity (Bekkers et al. 2010).
Instead, each organization should decide what level of maturity best fits the
organization. This activity is covered in the ‘Initiation’ focus area, which helps
with forming the initial picture with regard to the desired PPM processes. From
there on, the PDDs for the other focus areas can be followed as described above to
actually implement the desired processes. Given the strategic nature of PPM,
mostly high-level management is involved in deciding the strategic direction,
involving both product and project managers in the process.

8.4.2 Process Descriptions for PIF

The process descriptions are modeled as PDDs. The activities are shown from the
perspective of implementation and are, as explained, described on a high level to
ensure their general applicability. It has to be noted that the actual usage of the
framework is situational for each organization. Amongst others, differences in size,
culture and organizational structure are aspects that need to be taken into account
when implementing these processes.

In this section, the PDDs are explained in more detail, but due to limitations in
space, only four processes are part of this chapter. These are the three core
processes, of PLM, PPM and PjPM, shown respectively in Figs. 8.4, 8.5 and 8.6,
and the gatekeeper introduction (Fig. 8.7). The full framework is explained in
Jagroep et al. (2011a).



206 E. Jagroep et al.

ﬁﬁ'oduct lifecycle management \

CORPORATE PLM VISION
J/ ’\l; PLM concept definition

C Define the PLM concept > CCreale central storage on early \

stages of product lifecycle /

CEstablish corporate PLM visioD

-)| DEPARTMENTAL PLM VISION |

X ;
i
|
H
:r_ CENTRAL PRODUCT
H INFORMATION STORAGE
Integrate PLM with roadmap Establish departmental PLM Y __ | N
and slraleg,u, decisions vision

Integrate wnh enterprise
systems and establish I PRODUCT INFORMATION
communication channels j

Lifecycle phase
=| Phase-out possibilities

N2

C Include other stages of the lifecycle >— -------------- -

J/ ECOSYSTEM INFORMATION

Partner evaluation
External factor evaluation

Gmegrate ecosystem partners in the PLM process/— . X =

Partnering options
\ I J

®

Fig. 8.4 PDD for product life cycle management

%

8.4.2.1 Product Life Cycle Management

Product Life Cycle Management is the concept of preserving information on a
company’s products as they progress through their life cycles (Saaksvuori and
Immonen 2008). As such, implementing PLM processes within an organization
focuses on making this information available for decision-making. First, to ensure
that the concept of PLM is familiar within an organization, a corporate vision is
established, which in turn is used as a basis for departmental PLM visions. These
visions define how PLM can contribute to the business processes. Parallel to
defining these visions, a central product storage can be created containing infor-
mation on the early life cycle phases (initiation, design, building, test & integration
and release) of the product. As an organization usually has control over these early
phases, the information on these phases is relatively easy to collect.

When this is established, the other phases of the life cycle (evolution and phase-
out) can be included, which also encompasses the collection of information outside
the organization. Also, parallel to defining the departmental visions are the activ-
ities to incorporate PLM into the strategic processes. As PLM encompasses the
creation, preservation and storage of information relating to the company’s prod-
ucts (Batenburg et al. 2006), PLM brings about critical information for effective
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strategic decision-making. With regard to projects, this could be information for the
decision whether to delay or postpone a specific project in the portfolio.

As a final activity with regard to PLM, the integration with the ecosystem is
suggested. In most cases, organizations produce and deliver their products to
customers themselves. But it can also be the case that external parties are involved
in these processes (e.g., development and distribution), which also possess infor-
mation on the products and could influence their performance. The integration of
the ecosystem is a means of getting insight into the impact a partner has on a
specific product, being able to benchmark with others, enable collaboration and
make the product life cycle more transparent (Batenburg et al. 2006; de Reyck
et al. 2005).

8.4.2.2 Product Portfolio Management
In the PDD of Product Portfolio Management, the focus shifts from managing

products on a departmental level towards managing the entire organizational
portfolio. The reason for this is that product information for portfolio management
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is made available through the information that is stored on the departmental level.
In other words, if the product information is not structurally stored and kept up to
date on the departmental level, the information on the portfolio level will be
inaccurate. Therefore, the first activities are aimed at facilitating this departmental
management. This is done by defining the product manager’s tasks as the ‘mini-
CEOQO’ representing the business unit in strategy definition and operational execution
(Ebert 2007). Also, having a clear view of the departmental portfolio and its future
(in the form of a roadmap) and establishing a multi-functional team to get different
perspectives on the individual product are activities to ensure the processes on the
departmental level. These activities bring an organization on the third maturity
level (product (line) orientation), as identified by Weerd I van de et al. (2006).

When the products are properly handled on the department level, the focus is
expanded to the entire organization. More specifically, the organizational portfolio
is defined, and externally oriented information is included by performing an
external assessment. Defining the organizational portfolio contributes to having a
common understanding of what exactly is a product, component, service and core
asset (Bekkers et al. 2010) and simply having the portfolio documented in one
format. The external assessment is the formalized procedure of ensuring that the
individual products still fit the market. Note that gatekeeper findings (Jagroep
et al. 2011a) are mentioned in the diagram as these are also externally oriented.
From there on, the portfolio review board can be introduced consisting of high-level
representatives of departments or business units. If proper information is provided,
the organizational product and project portfolio can be truly managed across
products and departments. Having proper portfolio management processes in
place could also prove to have a positive influence on reaching level 4 in the
success of a software project (see Chap. 2).

8.4.2.3 Project Portfolio Management

The next PDD is on the topic of Project Portfolio Management (Fig. 8.6). With
regard to projects, the emphasis is put on ensuring a strategic fit and on managing
projects across an organization. The suggested activities and resulting deliverables
should lead to reaching the four goals of portfolio management as identified by
Cooper et al. (Cooper et al. 2002). Note that in the case of PjPM, the focus again
shifts from managing the projects on a departmental level, where the projects are
executed under the supervision of project managers, to managing the entire project
portfolio. Therefore, the first activity is to create a central project administration
where basic information on current (active) and future projects is stored. As this
could very rapidly become a large collection, the next activity is to bring structure
in this collection by creating business cases of each project. Business cases are
made on the basis of the strategic contribution to the organization and the estimated
risk of each individual project. However, even with the business cases, projects with
great strategic potential, for example, could end up on the bottom of the list when
monetary gains are a more important criterion for prioritizing. To solve this issue,
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the suggestion is to create separate portfolios for each of the areas of interest. This
separation could be considered as an appliance of the strategic buckets method
(Cooper and Edgett 2010). For the individual project manager, this holds that a
change of focus could be experienced with regard to managing individual projects;
by applying this method, the strategic importance of projects will become more
apparent. The risk management of a project (see Table 1.15), for example, could
become a more stringent issue for the project manager to consider.

The next activity aims at defining and improving the departmental PjPM pro-
cesses. When projects are taken up, resources are spent, and projects (especially in
the case of software development) often take up a considerable amount of time. To
get the most out of projects, the business should be enabled to make go/kill/hold/ fix
decisions and ‘ensure rational, accurate alignment with the business’ (Rajegopal
et al. 2007). When this is the case, an organization is able to quickly reallocate its
resources to where they are needed the most. Put otherwise, project management
would have to become more dynamic and the project manager more aware of the
organizational environment and the stakeholders (see Sect. 1.3.10).

The final activity is realizing PjPM on an organizational level. First, a corporate
PjPM process should be defined to ensure consistency in the manner that projects
are handled. Different project managers have different management styles, which
could inhibit an organization in harmonizing the organizational processes. Note that
it is not implied that each project manager should operate identically compared to
the others. Instead, a number of ‘quality’ criteria for the project management
process could be established that guide the project manager on ‘what’ to do, without
instructing ‘how’ to do so. Harmonization lowers the threshold for cross-
departmental collaborations and is an area where the usage of social media could
prove to be valuable (see Chap. 16).

Second, considering the overlap between PjPM and PPM, no companywide
board is established for PjPM. Instead, the PjPM tasks are formally defined, such
that they can be performed by the portfolio review board that has been established
for PPM. Mind that, as with the other implementation activities, such a board
should only be implemented when it fits the organization. With these activities,
the organization can be placed in the portfolio optimization stage as identified by de
Reyck et al. (2005). With this PDD, the management of individual projects is not
elaborated upon considering the portfolio point of view of the framework. There is,
however, a clear overlap with a number of knowledge areas as identified in the
PMBOK. For example, ‘project scope management’ is aimed at ensuring that the
right scope is set for both product and project. We consider the suggested strategic
bucket method as a tool to categorize the scoped projects into project programs. The
same holds for ‘project cost management’, where the proposed method could be
used to better divide the available budget across projects.
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8.4.2.4 Gatekeeper Introduction

The final PDD is on the topic of gatekeeper introduction (Fig. 8.7). Though gate-
keeper introduction is not a core process, it is a relatively new item within the area
of software product management. A gatekeeper is originally defined as ‘an indi-
vidual that maintains active communication with scientists at other firms, govern-
ment laboratories, and universities’ (Eisenhardt and Martin 2000; Vischer
et al. 2010). This is the definition given in the context of dynamic capabilities,
which are ‘the organizational and strategic routines by which firms achieve new
resource configurations as markets emerge, collide, split, evolve, and die’ (Teece
et al. 1997).

It is essential for the strategic decision-making process to also obtain informa-
tion that resides outside of the organization. Therefore, there should be some notion
on the external information needs and the information channels that are of impor-
tance. However, simply collecting information is not sufficient. The information
that is collected should find its way to serve within the decision-making process.
The final activity is on the actual introduction of the gatekeeper’s role. The
gatekeeper is the ideal person to keep track of advancements in the dynamic
environment surrounding a software product. The gatekeeper can keep connections
with a variety of external parties (e.g., partners, competitors, customers) and
translate developments to concrete points of interest (or concern) for a software
product or product portfolio.

8.5 Maturity Matrix for PPM

8.5.1 Structure

The maturity matrix (Table 8.1) is the research artifact where the element of
maturity is most prominent. For reasons discussed by Weerd I van de (2009) and
Bekkers et al. (2010), the choice was made to apply a focus area-oriented model.
The matrix shows the nine focus areas (topics) identified in the leftmost column,
their specific maturity levels in the form of capabilities, indicated by the letters A-F,
and the maturity levels for the matrix, indicated by the numbers 0—10 in the top row.
Each capability encompasses a measurement of maturity and can be used to
determine the current situation of the PPM processes within an organization and
as a reference guide towards the next stage in maturity. For example, when an
organization states that capability A for PLM is implemented and B is not, it means
that the maturity of this organization with regard to PLM is ‘1’. The next stage
would be ‘2’, which can be reached by implementing the B capability. The order of
implementation is preferably from left to right where inter-process dependencies,
dependencies between capabilities in other focus areas (Weerd I van de 2009), need
to be taken into account.
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Table 8.1 Maturity matrix for product portfolio management with example maturity profile

lo[1]2]3][a]s5]6][7]8]9]10
Strategy processes
Initiation A B C
Strategy implementation A B C
Gatekepper introduction A B
Core processes
Product portfolio management A B|C D | E F
Product life-cycle management A|B C D E
Product portfolio management A B C D | E
Supporting processes
Process formalization A B
Tooling A B C
Information technology A B C

Table 8.1 also shows an example of a matrix profile (grey shading), which
represents the PPM maturity of a software business (van Steenbergen et al. 2010).
In this particular example, most A-capabilities are implemented. However, in the
focus area of PLM, none of the capabilities is implemented yet, leading to an
overall maturity level of zero. In this case, the first improvement activity should be
the implementation of the A and B capabilities with regard to PLM. Note that since
the matrix is constructed in conjunction with the competence model and PDDs, they
should be considered as complementary and referred to when a more thorough
understanding is required.

8.5.2 Capabilities

The full list of capabilities that comprise the maturity matrix are presented online
(see ‘Appendix J’ in Jagroep et al. (Jagroep et al. 2011a)). As an example, the
capabilities for the PPM focus area are presented in Table 8.2. For each of the
capabilities, a title is given, as well as a short description of the activity that needs to
be performed within an organization. Consider capability B for the focus area of
PPM. This capability is named ‘Constructed departmental roadmap’, and it is
explained that there should be a document describing the future developments of
the products in the portfolio over a certain period of time for a certain department
within an organization. Since portfolio management is initiated on the product
level, it should be clear what the future (development) projects (touching the
topic of PjJPM) on the departmental level are with regard to the products on the
departmental level. This departmental roadmap could in turn be used as a means for
communication of the plans with regard to a specific product.
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Table 8.2 Capabilities for the PLM focus area

A Defined product manager tasks

The tasks of a product manager are formally defined.

B Constructed departmental roadmap

A document is created describing the future developments of the products in the portfolio over a
certain period of time for a certain department within an organization.

C Established multi functional core teams

A multi functional core team is responsible for the management and thereby the success of a
product.

D Defined organizational portfolio

The entire organizational portfolio is defined in terms of products, components and core assets,
documented and communicated. All stakeholders (e.g., product managers) provide input for
this mapping and validate the end result.

E External assessment is performed

In conjunction with the gatekeeper function, a number of externally oriented aspects (e.g., pricing
model and competitor advancements) are assessed for each product in the portfolio to improve
the organizations’ ability to tailor products to the markets’ needs.

F Established portfolio review board

A board is established that is actively managing the entire product and project portfolio of an
organization, for example, through the usage of service catalogs.

With regard to the placement of the capabilities in the maturity matrix, we
consider the focus area of PLM. The guidelines found for PLM suggested to first
keep track of the life cycle phases that are under the control of the organizations and
from there on expand to include the other life cycle phases. When the processes for
an individual process are taken care of, the focus can shift to span the ecosystem of
a product. As a consequence, these capabilities are placed on the left-hand side of
the maturity scale. More difficult capabilities to implement, often stemming from
the more mature situations in these models, are placed on the right-hand side. This
process handles the intra-process, the order of the capabilities within a focus area,
capability dependencies as described by Weerd I van de et al. (2008).

The inter-process capability dependencies (Weerd I van de et al. 2008), which is
the order of the capabilities between focus areas, is explained using PLM capability
C ‘PLM integration in the product roadmap’. Looking at related focus areas,
specifically PPM and PjPM, this capability, based on literature, requires that the
tasks of the product manager are defined and that a central project administration is
established. Therefore, the implementation of the PLM C capability depends on
both A capabilities in the focus areas of PPM and PjPM and is consequently placed
in a higher maturity level.
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8.6 Theory-Testing Case Study

In this section, the validation of PIF is presented. First, a more thorough description
is given of the case that has been studied and the results from this case study. These
results confirm whether or not PIF can indeed be applied in practice and whether the
framework and related theory are sufficient to assess the full scope of PPM. The
section concludes with the adjustments that have been made to the research artifacts
and the findings that have led to these adjustments. In this description, the maturity
matrix is taken as the central object. Changes in the maturity matrix also imply
changes in the other research artifacts.

As stated in the research methodology, the case study has been performed to
validate the implementation framework for product portfolio management pro-
cesses in the software business. To this end, the case study has been performed at
a different, but nevertheless large, Dutch software organization (COMP2). The
units of analysis for this case study were clusters within the organization, each with
their own target markets, and their respective product portfolio’s, where a cluster
exists of a number of business units and multiple products. A cluster exists of a
number of business units and multiple products. In total, seven interviewees have
participated in the case studies, which were accountable for 32 software products.
The choice to select interviewees on a higher strategic level was deliberately made
as this fits the strategic nature of product portfolio management. The products that
made up the portfolios of these clusters ranged from specialized software catered to
a specific niche to large suites for demanding users. Examples are human resource
software, administrative software and ERP systems deployed at, amongst others,
local governments, healthcare institutions and retail and housing co- operatives.
The average market share of these products is 47.6 %, with the highest market share
being 71 % and the lowest being 20 %. With most of the products in the portfolio,
the position of the market leader is claimed.

For this case study, the same research question as formulated for the entire
research was the central question and, to conform to the protocol, the same semi-
structured interview was used. The results of this case study have been accordingly
analyzed and coded, as described in Sect. 8.2.1 and again processed to enrich the
framework that was already created based on literature. Considering the fact that we
already had the preliminary PIF, the interviewees got an explanation of the frame-
work and the way their interview results would contribute to finalizing it. Note that
this was done after the interview had finished and thus had no influence on the
actual results of the interviews.

Table 8.3 shows the scores of the interviewees mapped onto the maturity matrix.
The percentages are placed on the positions of the capabilities and indicate the part
of the interviewees that have implemented a specific capability. It shows that the
clusters have all implemented the A capabilities and in most cases also the B
capabilities. The gray scale is a visual indication of the maturity of the organization.
The dark gray indicates that the capabilities in this area are implemented within the
clusters, while the shades towards lighter gray indicate that fewer clusters possess
the capabilities according to the assessment. From the matrix, it is clear that the
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Table 8.3 PPM maturity scores COMP 2

o1 |2]3]a]5]6|7]8][9]10
Strategic processes
Initiation 100% 43% 14%
Strategic implementation 100% 86% 29%
Gatekeeper introduction 100% 14%
Core processes
Product portfolio management 100% 100% | 71% 3% | 0% 0%
Product life-cycle management 100% | 100% 14% 0% 0%
Project portfolio management 100% 100% 14% 0% | 0%
Supporting processes
Process formalization 57% 0%
Tooling 43% 0% 0%
Information technology 1% 0% 0%

main focus for a more mature process should be on capabilities regarding ‘Initia-
tion’, ‘PLM’, ‘Tooling’ and ‘Information technology’. Overall, the maturity is set
on level 3 since every cluster possesses the capabilities until that maturity level.

Apart from the application of PIF, also a number of changes have been made to
the research artifacts based on this case study. These alterations are presented below
and are structured according to the capability or focus area they apply to. Note that
not every focus area required an alteration. As a general change, the core processes
have been moved to the centre of the matrix for aesthetic reasons. The more detailed
alterations are explained below:

Initiation—Capability C This capability has been moved from position 5 to
position 8 on the maturity scale. During the interviews, all interviewees acknowl-
edged that the portfolio plan is actually being constructed after the construction of
the product roadmaps. It has been acknowledged that the product roadmaps actually
form the input for the portfolio plan. Using centrally communicated themes from
the high-level management, the strategic direction for the portfolio is set out.

Strategy Implementation—Capability C This capability has been moved from
position 7 to 8 on the maturity scale. The portfolio strategy can be defined
internally, but, as acknowledged by all seven interviewees, the external environ-
ment is a highly influential factor. Therefore, the new position for this capability is
on the same level as capability E for product portfolio management.

Gatekeeper Introduction—Capability A Again, a capability has been moved,
however this time, downwards on the maturity scale. All interviewees actually
admitted to perform the functions of a gate keeper; they were in contact with the
external environment and translated their findings into concrete directions for a
product or the organization in general. With this finding, it was also indicated that
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tools and information technology actually depended on the information require-
ments that are defined by the gatekeeper process. Therefore, this capability is aligned
with both A capabilities of the ‘tooling’ and ‘information technology’ process areas.

Product Portfolio Management With regard to this process area, the inter-
viewees did not provide answers that led to alterations of the existing capabilities.
However, five out of seven interviewees indicated missing the concrete activity of
defining the organizational portfolio. Shifting from operational to more strategic
levels requires that there is clarity on the entire product portfolio that the review
board is made responsible for. Hence also the positioning of this new capability
(D) before the external assessment is performed. This activity and deliverable have
also been included in the PDD shown in Fig. 8.6, where the major part of the
alterations have been made. The suggested order in the first PDD appeared too
rigid, while all interviewees acknowledged that certain activities could indeed be
performed simultaneously or that no particular order is required. More specifically,
the figure shows that the activities on the departmental levels ‘Create departmental
portfolio roadmap’, ‘Assign product manager and define tasks’ and ‘Assign
multifunctional core teams’ can be performed simultaneously and in no particular
order. Note also that the name ‘Define product manager tasks and assign product
managers’ has been changed to ‘Assign product manager and define tasks’ for
aesthetic reasons.

The final alteration is in the mid-segment of the PDD, where the focus slowly
shifts towards the portfolio level. The alteration encompasses the simultaneous act
of defining the organizational product portfolio and incorporating external infor-
mation in the decision-making process. With regard to the order of first incorpo-
rating gatekeeper findings and then performing the externally oriented assessment,
the interviewees indicated that gatekeeper findings triggered which external aspects
should be further assessed.

Product Life Cycle Management For the process area of PLM, the capability of
integrating PLM into the roadmap (C) has been added to the maturity matrix.
Though all interviewees acknowledged that the life cycle of a product was an
important factor to take into account, only one interviewee acknowledged that the
information on the life cycle of a product was actually included in the roadmap for
that product. Considering the importance of the information, this activity has also
been made more explicit in the PDD (Fig. 8.5).

Other alterations in this process area are made in the PDD and are on the
informative nature of the PLM process. The activity of actually integrating this
information with the other (strategic) process in the organization ensures that the
information is made available and being used within the organization. Also, a minor
alteration has been made by replacing the supply chain of a product for the
ecosystem surrounding a product. Based on Jansen et al. (Jansen et al. 2009) we
consider an ecosystem to better fit the framework.

Project Portfolio Management Though no capabilities were altered, there are
minor changes to the PDD with regard to PjPM (Fig. 8.6). The PDD has been
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changed to explicitly include the activity of defining the PjPM processes on a
departmental level, an activity that was unclear with the previous description.
Along with this alteration, the names of the corresponding deliverables were
adjusted.

Tooling A process area that has been altered to a great extent is the area of tooling.
First of all, the name ‘tool construction’ has been replaced by ‘tooling’. This more
generic term better suits the described processes in the PDD. Second, the capabil-
ities have changed. The initial capability of having an established tool collection
did not indicate the different strategic levels that four out of seven interviewees
pointed out. To be more specific, it was acknowledged that tools were often used
within the individual business units and that there was an awareness of their
existence. Going one step further, two out of seven interviewees were involved in
an endeavour to roll out a dedicated tool for product roadmapping. This tool can be
used within a business unit, within a cluster or even throughout the organization.

The final capability goes to a more strategic level, namely, that of governance
tooling. Given the fact that processes are implemented on different levels of the
organization, in different environments and in different manners, there is the need
to be able to keep track of their implementation and functioning. Governance
tooling enables the organization to do so, but also requires significant effort to
implement. With regard to the placement of the capabilities on the maturity scale,
the same division as ‘information technology’ has been applied as three out of
seven interviewees acknowledged the similarity in implementation difficulty and
added value to the processes.

8.7 Implications

The portfolio implementation framework in this chapter is proposed as a contribu-
tion for the area of software product portfolio management. The importance of PPM
is acknowledged within the scientific community, but no holistic method for
implementing the associated process has been available. This is where PIF is
suggested to fill the gap. Even though a clear distinction can be made between
the suggested focus areas, there is an overlap when it comes to information
requirements and process dependencies. For academic purposes, PIF is considered
to be a starting point in maintaining this holistic approach. Though each focus area
is interesting in its own regard, taking the interrelatedness into account is beneficial
for being able to apply the results in practice. Though the focus of this research is on
software, we do not argue that the framework is limited to this domain. Given the
situational factors, (parts of) the framework could possibly be applied to other
domains.

From a practical perspective, PIF provides a translation between scientific
knowledge and practical appliance by making the topics more concrete and realiz-
able in terms of processes. Knowledge on specific topics is available in scientific
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articles, but it is often the case that this knowledge cannot be applied in practice.
PIF proved its applicability by case studies, and in one of these case companies, the
profile of the maturity matrix has increased the awareness on this topic on the
corporate level. This in turn led to the organization implementing the advice that
was suggested based on PIF.

PIF is also a contribution in terms of an instrument for industry. As shown
through the case studies that have been conducted, software organizations can be
compared with one another using PIF. In this regard, PIF could prove to be a tool for
bench-marking. The application of this framework in general could also lead to
improved decision-making with regard to the product portfolio of an organization.
PIF provides useful insight in the current state of affairs, which helps to raise the
awareness on the subject and in turn possibly improve the portfolio as a whole. The
starting point for improvement is the initiation focus area within the model and
from there moving on to assess the other focus areas.

Related to software project management, PIF is positioned on a more strategic
level. Though it is acknowledged that individual projects require proper manage-
ment on their own, with regard to the success of a product, it is also important that
the right strategic projects are taken up. This, amongst others, depends on the life
cycle phase a product is in, the roadmap that is created for a product and the
developments outside the organization (e.g., technological developments). Both
practitioners and academics should consider a software project in the context of an
entire organization and from this point of view maximize the value for business.

8.8 Conclusions and Future Research

The research question in this chapter, “How can product portfolio management be
implemented in software businesses to enable the corporate strategy?” is addressed
by the introduction of the software product portfolio management implementation
framework (PIF). As there is a growing interest for product portfolio management
with regard to software products, we believe that PIF is a good starting point for
implementing and improving portfolio management processes within software
organizations. Where maturity levels, methods and implementation trajectories
have been defined for the individual focus areas identified in PIF, no model or
framework has been available that incorporates a holistic view of these topics.
Through extensive literature study and assessments of product portfolio manage-
ment in practice, PIF is the first framework to incorporate a multitude of related
topics within the domain of software products. With regard to PIF’s applicability in
practice, two case studies were performed that indeed showed the potential of
assessing and improving portfolio management processes in software businesses.
As an initial study into the implementation of product portfolio management
processes within software businesses, further research is required to improve the
research results. The research method that has been followed proved to be useful for
exploring the research area and defining a new scope for PPM, but other aspects and
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relations could be added based on newer findings. Especially, considering the
dynamics of business, business models and technology, PIF should be constantly
adapted to fit these new situations when required. Further research could therefore
be conducted on the content of PIF itself but also on the application, and forthcom-
ing evaluation, of the framework. Practitioners should be aware of the fact that their
input is essential when future frameworks and models are to better address their
needs and help improve business.

With regard to the content that has been discussed, a number of directions can be
thought of for future research. First, research could be conducted on the state of
affairs at other software organizations. With more input from the practical perspec-
tive, more key issues, guidelines, activities, topics or even capabilities could be
identified that make PIF more complete. Second, research could be conducted on
the PPM processes of top performers to identify best practices. This could prove
useful when the aim is to validate PIF as a benchmarking tool. And finally, experts
from other domains, for example, project management could be involved in further
development of the model. On the evaluation of the framework, further research
could be conducted by performing more case studies where PIF is applied. Valuable
insights can be gained into the completeness of the framework and its general
applicability when organizations of different sizes are included. Ideally, every
organization, depending on their situational factors, should be able to implement
product portfolio management processes that fit the organizational needs.
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Chapter 9
Managing Global Software Projects

Christof Ebert

Abstract Projects are increasingly distributed across different sites. But distrib-
uted teams and suppliers complicate communication and create numerous frictions.
Over half of all distributed projects do not achieve their intended objectives and are
then canceled. Traditional labor cost-based location decisions are replaced by a
systematic improvement of business processes in a distributed context. Benefits are
tangible, as our clients emphasize: better multisite collaboration, clear supplier
agreements, and transparent interfaces are the most often reported benefits. There
is a simple rule: Only those who professionally manage their distributed projects
will succeed in the future.

This chapter summarizes experiences and guidances from industry in a way to
facilitate knowledge and technology transfer. It looks to processes and approaches
for successfully handling global software development and outsourcing and offers
many practical hints and concrete explanations to make global software engineering
(GSE) a success. Starting with the necessary foundations, the chapter indicates what
solutions are available to successfully implement GSE. It underlines the basic
concepts and practices of GSE with broad industrial experiences and also summa-
rizes future trends in GSE. The chapter is based on an industry perspective taking
into consideration the state of the practice to ensure direct transfer and applicability
to distributed projects.

Some portions of the text and pictures have been first published in the book Ebert, C.: Global
Software and IT: A Guide to Distributed Development, Projects, and Outsourcing. Wiley, USA,
2012. Used with permission. The chapter is based on an industry perspective, which means that
we look primarily towards industry needs in GSE to ensure applicability to distributed projects.
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9.1 Introduction

Successfully managing global software projects has rapidly become a key need
across industries. However, a majority of such global projects do not deliver
according to expectations (Ebert 2012; PWC 2013). Globally distributed software
development poses substantial risks to project and product management. As com-
panies turn to globalized software, they find the process of developing and
launching new products becoming increasingly complex as they attempt to inte-
grate skills, people, and processes scattered in different places. Many companies
realize after a while into global software engineering that savings are much smaller
and problems are more difficult to solve than before. Disillusioned, many abandon
their global software engineering (GSE) activities. What has gone wrong? GSE
bears many chances and challenges, which we address in this chapter briefly from a
project management perspective.

Global software engineering, IT outsourcing, and business process outsourcing
during the past decade have shown growth rates of 10-20 % per year (Ebert 2012;
PWC 2013; Forrester 2012). While the market proximity, cost advantages, and skill
pool still look advantageous, global development and outsourcing bears a set of
risks that come on top of the regular project risks. Not knowing them and not
mitigating them means that soon your project belongs to the growing share of failed
global endeavors. Global software engineering is as natural for the software busi-
ness as is project management or requirements engineering. Going global with
software is a means of effective work split and managing skills and competences.
To be successful with software, we need to take advantage of continuous collabo-
ration around the globe. This chapter looks into different business models in
software.

The share of offshoring or globalization depends on the underlying business
needs and on what software is being developed. While for mere IT applications or
Internet services, the global development is fairly easy, embedded software still
faces major challenges to distributed development. A study by embedded.com
found that only 30 % of all embedded software is developed in a global or
distributed context, while the vast majority is collocated (Ebert 2012; Chui
et al. 2012; Forrester 2012). Similarly, the amount of quality deficiencies and
call-backs across industries has increased in parallel to growing global development
and sourcing.

Already in 1962, EDS started with offering IT on spare capacity (time-shared
computing) as an external service (what would be today called application service
provisioning). In 1976, EDS started deploying global IT services, such as financial
accounting. India very early realized that this form of business could help the
country leapfrog into current technologies and therefore become a major business
partner for the Western world. Indian Institutes of Technology started in the 1960s
with computer science curricula, thus providing the foundations for India’s latter
success in the IT domain. The first e-mail sent from China to a foreign country was
on 20 September 1987 to the University of Karlsruhe, Germany. The text was short,
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yet powerful: “Across the Great Wall we can reach every corner in the world.” It
was the vision of an increasingly connected world where all citizens and enterprises
can do business with each other. The world was beginning to become flat. Yet, the
notion of “across the wall” also shows that connected does not necessarily mean
sharing the same values or being borderless and integrated.

The journey has begun, but it is far from being clear what the stable end positions
will be. Clearly, some countries will come to saturation because global develop-
ment essentially means that all countries and sites have their fair chance to become
a player and compete on skills, labor cost, innovativeness, and quality. Software
engineering is based upon a friction-free economy with any labor being moved to
the site (or engineering team) that is best suitable among a set of constraints. No
customer is anymore in a position to judge that a piece of software from a specific
site is better or worse compared to the same software being produced somewhere
else in the world. In essence, the old-economy labeling of “made in country x” has
become a legacy thinking that does not relate to software industries. What counts
are business impacts and performance, such as resource availability, productivity,
innovativeness, quality of work performed, cost, flexibility, skills, and the like.

9.2 Foundations

Today, practically all new business plans contain offshoring as a key element to

contain cost or achieve more flexibility to cope with changing demands in skills and

numbers of engineers. Different business models are applied in the global context.
A first distinction is made between outsourcing and offshoring.

¢ Offshoring: Executing a business activity beyond sales and marketing outside
the home country of an enterprise. Enterprises typically either have their local
branches in low-cost countries or ask specialized companies abroad to execute
the respective activity. Offshoring within the company is called captive
offshoring.

e Outsourcing: A lasting and result-oriented relationship with a supplier, who
executes business activities for an enterprise, which were traditionally executed
inside the enterprise. Outsourcing is site-independent. The supplier can reside in
the direct neighborhood of the enterprise or offshore.

Offshoring and outsourcing are two dimensions in the scope of globalized
software development. They do not depend on each other and can be implemented
individually. All global software development formats allow more flexibly manag-
ing operational expenses because resources are allocated at places and from regions
where it is most appropriate to flexible needs and ever-changing business models.
Figure 9.1 summarizes the reasons for GSE based on data from software companies
in Europe and North America (Ebert 2012; PWC 2013).

Cost reduction is still the major trigger for globalization, though its relevance
has been decreasing over the past years. This reasoning is simple and yet so
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Fig. 9.1 Reasons for Local
outsourcing and offshoring markets
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effective that it is today mainstream for most companies and media. Labor cost
varies across the globe. For similar skills and output, companies pay in different
places of the world a different amount of money per working hour or per person-
year. Looking to mere labor cost for the comparable skills of educated software
engineers, several Asian countries offer a rate of 10—40 % of what is paid for the
same working time in Western Europe or the USA. Salary differences theoretically
allow reducing R&D labor cost by 40-60 % (PWC 2013; Greengard 2013; Chui
et al. 2012; Forrester 2012). Obviously, insufficient competences, hidden costs, and
many additional over-heads severely reduce this potential.

Other factors therefore start influencing the decision for GSE. Increasingly,
global software development and offshoring is about proximity to markets, sharing
the benefits of resources from different cultures and backgrounds, and flexibility in
skill management. Managers want access to on-demand specialist know-how with
less forecasting and provisioning, which often contains a lot of fixed cost that in
today’s competitive environment is not anymore bearable. Increasingly, the target
is quality improvement and innovation; both are related to blending cultures and
thus achieve internal competition and a new stimulus for doing better.

The different drivers fueling the need for outsourcing and offshoring as they
appear in Fig. 9.1 and in major statistics can be summarized in four categories,
namely, efficiency, presence, talent, and flexibility. We will further look at these
factors in the next section.

9.3 Benefits and Challenges

Working in a global context has advantages but also drawbacks. While the positive
side accounts for time zone effectiveness or reduced cost in various countries, we
should not close our eyes in front of risks and disadvantages. Practitioners of global
software development and outsourcing clearly recognize that difficulties exist. In
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this chapter, we look into the risks and failures in global software projects. Only
when we are aware of risks and past failures do we have a chance to do better.

Many factors cannot be quantified or made tangible initially, but will sooner or
later heavily contribute to overall performance. For instance, innovation is a major
positive effect that is boosted by going global. Engineers with all types of cultural
backgrounds actively participate to continuously improve the product, how to
innovate new products, and how to make processes more effective. Even with the
slightly more complex decision-making process behind, achievements are substan-
tial if engineers with an entirely different education and culture try to solve
problems. Best practices can be shared, and sometimes small changes within the
global development community can have big positive effects.

Not all companies that engage in GSE look at all four drivers with the same
motivation. In several industry projects that I had been working on, we even faced a
kind of trajectory where a vast majority of companies started with efficiency needs
(i.e., cost savings), moved on to a presence in local markets, and, only after these
two forces had been understood and digested, moved further to talent and flexibil-
ity. Also, it is clear that these four factors feed themselves. The more energy a
company spends on building a regional pool of skilled software engineers, the more
it also considers how to best utilize these competencies, for instance, to build a
regional market or to develop new products for such markets.

It looks just rational to put stakeholders at one place, share the objectives, and
execute the project. Working in one location is a major lesson learned from many
failed projects that found its way into many states of the practice development
methodologies, such as agile development. So, what are the strategies and tactics to
survive globally dispersed projects?

In our experiences with clients around the world, 20-25 % of all outsourcing
relationships fail within 2 years, and 50 % fail within 5 years (Ebert 2012). This is
supported by a recent study that reports a trend towards localization and insourcing
(Greengard 2013; Forrester 2012).

One fifth of the executives in a recent survey say that they are dissatisfied with
the results of their outsourcing arrangements, while another fifth of the respondents
see no tangible benefits (PWC 2013; Greengard 2013; Chui et al. 2012). Deloitte,
considering responses from 22 primary industries in 23 countries, found that almost
half of the respondents have terminated an outsourcing agreement early for cause of
convenience. More importantly, one third of those who terminated a contract for
these reasons chose to bring the work back in-house. In fact, insourcing has
emerged as a viable option, particularly when outsourcing does not meet expecta-
tions (Greengard 2013). A Forrester study focusing on sourcing and vendor man-
agement sees “an ongoing level of dissatisfaction with outsourcing,” citing
Forrester’s 2012 services survey of some 1,000 IT service professionals, where
nearly half the respondents listed “poor service quality” as a challenge and one third
stated that they were looking to bring work back in-house (Forrester 2012).

Working in a globally distributed project means overheads for planning and
managing people. It means language and cultural barriers. In this chapter, we try to
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summarize experiences and to share the best practices from projects of different
types and sizes that involve several locations in different continents and cultures.

The business case of working in a low-cost country is surely not a simple trade-
off of different costs of engineering in different regions. Many companies struggle
because they just looked at the perceived differences in labor cost and not enough at
risks and overhead expenses. Twenty percent of all globalization projects are
cancelled within the first year (Ebert 2012; Greengard 2013). Fifty percent are
terminated early (Ebert 2012; Greengard 2013). In many cases, the promise of
savings has not matched the diminishing returns of unsatisfied customers.

Big savings in GSE have been reported only from (business) processes that are
well defined and performed already before offshoring started and that do not need
much control (Forrester 2012; Sangwan et al. 2007; Rivard and Aubert 2008). This
includes maintenance projects (under the condition that the legacy software has
some type of description) where some or all parts could be distributed, technical
documentation (i.e., creation, knowledge management, packaging, translation, dis-
tribution, maintenance), or validation activities. Development projects have shown
good results in all cases where tasks have been well separated so that distributed
teams would have a direction and ownership.

In many companies around the world, I had seen global development projects
failing when tasks were broken down too much, such as asking a remote engineer to
do the verification for software developed concurrently in another site (Ebert 2012).
In such cases, distance effects and a lack of direct communication slow down
development rather than help it. The single biggest source of difficulties in
outsourcing/offshoring is related to communication across sites, bad communica-
tion hindering both coordination and insufficient management processes.

For example, the continuous integration of insufficiently verified and encapsu-
lated software components fails if done remotely to the parallel ongoing software
development. Distributed teams working on exactly the same topic (e.g., the
famous follow-the-sun pattern of developing a piece of software in different time
zones) posed the highest challenges for coordination and often resulted in severe
overheads that would be measurable or tangible only later (e.g., features
misinterpreted, insufficient quality, lack of ownership and responsibility, etc.).

The challenges in global software can be summarized as follows:

e Lack of strategy and shared values in the parent organization resulting in
insufficient collaboration and unclear work split and ownership. Roadmaps
might be fragmented or insufficient visibility provided on the strategy that
both contribute to an insecurity of teams and cause suboptimal results. A clear
sign for the lack of strategy is the senior manager announcing, “We will work in
India because it is cheaper,” or the engineering lead explaining, “Any work can
be done by virtual teams.” A major underlying reason for dysfunctional global
work is different values and underlying society factors. We often label this
superficially as “culture issues” or, even worse, as “soft factors,” claiming that
we cannot handle it with our limited management and software education. For
instance, time perception in a society has a profound impact on many behaviors
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such as insufficient planning and monitoring, which cannot be cured only as
symptoms. A culture deeply rooted in the present will always be portrayed as
lazy and unfocused by a society rooted in the future and therefore demanding
accurate planning. The same applies to societies that value entrepreneurship and
spontaneous (re)actions to events as opposed to those that prefer clearly outlined
roles and responsibilities.

Such differences must be recognized, considered, and dealt with. A shared
value system and continuous team building activities will help, as well as
rotating employees across these different societies.

e Insufficient communication due to distance, time zones, and cultural barriers.
Note that distance impacts start at around 10—15 meters, that is, far earlier than
what one would usually assume. People talk and share only if they are close to
each other and frequently run into each other without this being planned. Lucent
and others did extensive studies on communication in global teams and found
that 15 % of software development is informal communication (Ebert 2012;
Ebert and Dumke 2007; Carmel and Espinosa 2012). Distributed teams are less
effective than a collocated team working on the same task.

e Dispersed work organization. The global nature of project and product work
obscures a holistic view of project success factors. More sites add cost due to
overhead management, separated and dysfunctional processes, tools, and teams.
Tools help, but will not be enough to build a distributed team. Process immatu-
rity is a key roadblock and a cause of inefficiencies and rework. Forrester,
Gartner, BCG, and Standish report 10 % management overhead, that is, one
person to synchronize for ten persons allocated an offshore task (Ebert 2012;
PWC 2013; Forrester 2012; Sangwan et al. 2007). Our own experiences show
that having two sites working on the same development project immediately
adds 10-20 % of the cost while reducing visibility and the impacts of manage-
ment. Overall effort overheads are ca. 35 % if working in two places due to
interface control, management, replication, frictions, etc. (Ebert 2012; Ebert and
Dumke 2007).

e [Inadequate global management resulting in micromanaged tasks or a lack of
visibility. Often, project managers would fear the lack of control and establish
very small fragmented tasks to stay in control. Micromanagement creates a lack
of buy-in from the teams as they expect that the manager would interfere
anyway, so they do not have to pay attention. On the other end is insufficient
visibility, starting with estimates and continuing with change management and
progress tracking. Global team management often suffers from biased attitudes.
Functional and regional rivalries exacerbate the tendency to claim the credit for
success and shift the blame for failures. We experienced in several such global
product lines that roadmaps and features are overly volatile because of local
optimization on per regional customer basis. Our own experiences in many
distributed projects over the past decade show that having two sites working
on the same development project immediately adds 10-20 % of the cost while
reducing visibility and the impacts of management (Ebert 2012). Alcatel-Lucent
reports 30—-100 % delays for multisite change requests and overall project delays
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if a project is distributed across sites (Ebert and Dumke 2007). Shell underlines
the relevance of strong global management for such global software projects
(De Loof 2013).

e Isolated learning. Improvements derived from past experiences are rarely
applied beyond the originating organizational silo. We found that in global
software engineering individual sites — even if working in the same product
line — often have their own mostly organically grown tools and processes. It is
not that they don’t like corporate standards; it is rather the desire of local
management to optimize locally — because it is easier and faster than trying to
convince headquarters in another region of the world. Different countries or
regions would launch independent infrastructure optimizations in order to dif-
ferentiate. This is often amplified by dysfunctional regional competition as many
companies have been established to challenge “high-cost” countries with “low-
cost” countries. For this reason, the parent organization would hesitate to
provide all the necessary support due to fears that work would be taken away.
Additional obstacles in sharing experiences arise from insufficient risk mitiga-
tion related to intellectual property or third-party access to tools and knowledge
repositories. SAP reports, “Distributed development is slower and less forgiving
in case of mistakes. We need to communicate more but we have less capacity to
communicate. Effects of mistakes are not easily apparent and tend to be hidden
by regional owners longer than possible in a centralized development” (Ebert
2012).

e Less agility compared to collocated teams. On one hand workflows, monitoring
and engineering processes must be strengthened to assure that different stake-
holders collaborate well. On the other hand, baselining reviews across sites,
agreements on plans, stepwise synchronization of work products, multisite
project reviews etc. all add to this very concrete overhead situation. Such tasks
are normal and necessary as soon as an integrated activity is done in different
sites. But they are perceived as overhead by the teams and if not well-trained
they try to escape causing major trouble during development. Therefore, engi-
neering and management workflows and tools must be as agile and seamless
across interfaces and sites as possible. Modern product life-cycle management
tools certainly reduce such overheads.

o Insufficient contract management. Contracts are absolutely crucial for managing
external suppliers. They must include defined and measurable service level
agreements (SLAs) to assure appropriate quality levels. For captive offshoring
it might be wise, depending on organization structure, to govern by means of
internal contracts and SLAs. They have the big advantage that targets and
measurements are agreed on upfront and would not need continuous debates
with the senior management if some delivery is late. Certainly, such internal
contracts and SLAs together with a culture of accountability and clearly assigned
responsibility also avoid the political game of finger-pointing at “the others”
who did not do their job well.
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e Unknown legal environment. This is a major trap for any global activity,
independent of whether it is sales or engineering. To mitigate legal risks and
exposure both local as well as central management must get very familiar with
local laws, such as contracts, liability, intellectual property or human resource
management. If you do not yet have enough experience with global development
and specific regulations, we strongly recommend using consulting to ramp up
your competencies and processes before you actually engage in global develop-
ment. Never ever rely on the legal support from a supplier in the host country to
which you want to expand your engineering teams.

e High employee turnover rate. Turnover rates are higher in offshore centers than
in onshore ones—with the same job content (Ebert 2012). Reasons are manifold,
but can be reduced to three factors, namely reduced motivation, culture clashes,
and insufficient management. We see different local patterns of employee
turnover rates across the world. Given the many opportunities for brilliant
engineers, low motivation and insufficient rewards from their day-to-day work
environment makes them search for another job. Often, it is simply the job
content (e.g., doing only legacy repair, having only scattered assignments with
low personal commitment and ownership) and a lack of career paths that make
engineers move to another company. For instance, India’s software industry is in
such fast growth that many engineers are continuously approached by other
companies with even more interesting offers. But, with additional effort and
skilled management, turnover rates can be reduced. We have experienced that it
is feasible to manage an Indian engineering team with turnover rates similar to
those in Europe over many years (Ebert 2012). It all depends on management,
culture, responsibilities, and, ultimately, motivation.

With these challenges, the reported cost reduction from GSE is much less than
the abovementioned potential of 40-60 % savings if the same process is split across
the world with changing responsibilities (Sangwan et al. 2007; Rivard and Aubert
2008). Successful companies reported from their global software projects a 10—
15 % cost reduction after a 2- to 3- year learning curve. Initially, outsourcing
demands up to 20 % additional efforts (Ebert 2012; PWC).

Figure 9.2 shows the average contribution of this hidden cost to the overall cost
of R&D. For mere IT outsourcing, overheads are lower, specifically for
management.

Externalizing insufficient engineering processes creates extra cost and learning
curve-driven delays—on both sides. These additional costs sum up to 2040 % of
the regular costs of engineering (Ebert 2012; Forrester 2012; Ebert and Dumke
2007).

The learning curve for transferring an entire software package to a new team
(e.g., location) takes 12 months (Ebert 2012; Sangwan et al. 2007; De Loof 2013;
Ebert and Dumke 2007). The effectiveness of software design and coding grows in
a learning curve with 50 % effectiveness reached after 1-3 months and 80 % after
3-5 months. This obviously depends on process maturity and technology
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Fig. 9.2 Cost comparison including hidden cost

complexity. Each of the following bullets accounts for a 5-10 % increase in regular
on-shore engineering cost in the home country (Ebert 2012; Ebert and Dumke
2007).

e Supplier and contract management

e Coordination and interface management

¢ Fragmented and scattered processes

¢ Project management and progress control

¢ Training, knowledge management, communication
e IT infrastructure, global tools licenses

¢ Liability coverage, legal support.

9.4 Global Software Development

Global software projects typically have some sort of supplier—client relationship,
even if there is only one company with a captive development center. It is important
for clients and suppliers to have shared processes and to maintain clear rules on
collaboration regarding roles, interfaces, tools, work products, etc. Empirical stud-
ies highlight that success is higher when both the client and the supplier firms
exhibit at least Capability Maturity Model Integration (CMMI) maturity level
3 (Rottman and Lacity 2006). Outsourcing insufficient engineering and manage-
ment processes is a key reason for failed outsourcing projects (Ebert 2012;
Sangwan et al. 2007). Insufficient processes are amplified as soon as distance and
corporate boundaries add toward complexity. Figure 9.3 shows the mutual depen-
dencies between supplier and client process maturities (Ebert and Dumke 2007).
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Fig. 9.3 Process maturity
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From our empirical research in different companies and GSE settings around the
world, we can conclude that organizations with low organizational maturity (such
as CMMI maturity level 1) should not expect that GSE would yield much benefit,
except that an entire business process is given away (Ebert 2012). Instead, it will
reveal major deficiencies in processes and workflow, which create all types of
difficulties, such as insufficient quality, delays, additional cost, canceled offshoring
contracts, demotivated workforce in both places (previous and new), and many
more. The only viable alternative for such low-maturity organizations is to ramp up
their own processes before proceeding with global software engineering.

Different societies—and often persons on the microscopic level—have different
values and underlying driving factors. For instance, time perception varies dramat-
ically across societies around the globe. Some focus on the past or present, while
others are very future-oriented. Though this can be explained sociologically, such
as the foreseeable or always surprising effects of nature on the destiny of a certain
region of the world, it impacts behaviors. Therefore, the concept of urgency is
different in such societies. Putting hard deadlines or considering a milestone as a
deadline might work well in some societies, and fail without adequate training in
others.

Administration and planning might be traditionally considered highly relevant,
for example, in northern countries and in China (the first historically due to the need
to plan for long winters, the latter due to thousands of years of highly sophisticated
administrations) or almost irrelevant. Trust is another example. Some cultures do
not care about written documents and take primarily the person and his word as the
baseline. Others demand written documents and evidence in order to accept results.
Knowing about such differences allows you to consider them in team building and
setting a shared vision and shared values and objectives. Shared values and training
on such different aspects of society is key in preparing the right development
process and balancing the need for checkpoints with the level of acceptable and
meaningful concrete deliverables. Needless to say, increasingly these society fac-
tors are reduced with growing globalization, as can be seen in the Indian software
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industry, which over the decades has adjusted extremely well to the northwestern
way of planning and tracking.

Global development must balance managed processes with the flexibility to ease
the work for individual engineers. Agility in a global context is of demand when
engineers must act fast and don’t have the time to baseline and stepwise sync
around the globe’s time zones. This is difficult and needs a profound understanding
(driven from business rationales) of how to structure and tailor processes to avoid
unnecessary overheads. Facilitate processes wherever possible, such as with stan-
dardized templates for work products or tools for workflow management. They
reduce errors and improve productivity.

Global development benefits from chunking deliverables to self-contained work
products that can be stepwise stabilized and integrated. It is based on the old Roman
idea that self-contained pieces are easier to govern than a huge complex system (the
so-called divide and conquer paradigm). This paradigm holds independent of
whether you do maintenance on a big legacy system, application and service
development, or the engineering of a new system. Incremental development and
related life cycle models are known and applied for many years to address this
“chunking” and stepwise stabilization.

Today, most life cycle models and development approaches are enhanced by
agile methods. Increments toward a stable build are one of the key success factors in
global development. They assure that deliveries from different teams or places in
the world can be effectively integrated. Within periodic intervals, a validated
baseline is made available for all team members, on which they build their
enhancements or maintenance changes. Incremental development reduces delivery
and quality risks because progress within the team is more continuous and can be
more easily monitored. Utilize agile practices such as Scrum to build trust across
sites and to ensure delivery in time, budget, and quality.

Traditionally, agile development methodologies have been seen as demanding
small collocated teams (see also Chap. 11). This allows fast interaction between
team members and, where necessary, immediate reaction and consideration of
feature changes demanded by a customer. This seems to be in contradiction to the
entire paradigm of global software engineering—at least for any distributed devel-
opment. It is certainly true from a microscopic perspective: Do not split team tasks
and responsibilities across sites if it can be avoided. For instance, if code is
developed in one place and the unit tested in another, there is certainly the risk of
inefficiency, misunderstandings, and inconsistencies. From the macroscopic point
of view, distributed and global development is in line with the needs of agile
development. It demands spliting the work in a way as to maximize team cohesion
and minimize coupling. For instance, qualification testing or network integration in
communication solutions can well be done at another place than the underlying
application development. Requirements and business cases can be developed in
different organizational and geographic layouts than the resulting designs and code.

In fact, hardware development since long has proven that with the right collab-
oration technologies, outsourced manufacturers can work with design teams at
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other physical places given that they have an understanding of sound and integrated
engineering change management, product data management, and the like.

Within global engineering projects, it is often not so obvious how to implement
an entirely incremental approach to architecture that is primarily driven by
interacting classes or subsystems. Clearly, it would be advantageous to have
isolated add-on functionality or independent components. In real-world systems,
specifically in legacy systems that are decided to be maintained in low-cost
countries, development at the top level (or architectural design) agrees not only
on interfaces and impacts on various subsystems but also on a work split that is
aligned with subsystems. The clash often comes when these subsystems should be
integrated with all the new functionality. Such processes are characterized by
extremely long integration cycles that do not show any measurable progress in
terms of feature content.

9.5 Work Organization

Globally distributed software development is highly impacted by work organization
and effective work split. Working in a globally distributed environment means
over-heads for planning and managing people. It means language and cultural
barriers. We provide some practical insights in this chapter about how to best
organize work in a global setting.

Clearly, mixed teams with people from different countries, cultures, and, per-
haps, companies stimulate innovation both in terms of products and technologies
and in terms of more efficient collaboration. Teams that have worked together for a
long time, such as departments inside a company, often struggle to identify really
innovative solutions because they are captured within their traditional thinking
schemes. As soon as external players are added to such a team, there is a new
stimulus from outside, and it is less easy to simply wipe these ideas off the table.

Barriers of culture and people to global collaboration are not to be
underestimated. They range from language barriers to time zone barriers to incom-
patible technology infrastructures to heterogeneous product line cultures and not-
invented-here syndromes. It creates jealousy among the more expensive engineers,
afraid of losing their jobs, while being forced to train their much cheaper counter-
parts. An obvious barrier is the individual profit and loss responsibility, which in
tough times means primarily focusing on current quarter results and not investing in
future infrastructures. Incumbents perceive providing visibility as a risk because
they become accountable and more subject to internal competition.

Although there are no patent recipes for GSE work allocation, many experiences
from previous projects indicate what we might call “typical configurations.” Such
configurations are shown in Table 9.1.

The first column to the left indicates the “operational scenario” of global product
development and operations. It starts with the beginning of the product (solution)
life cycle and moves to installation and operation toward the bottom of the table.
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Table 9.1 Global work allocation and typical configurations

C. Ebert

Task Business model Supplier model lLeowwiing Break:even KTy o.f
curve period partners / sites

Definition and analysis of new | Preferable onshore; should be External consulting with

L N o . Long Long Few
business models and processes; | co-located own senior management
performance improvement
Product definition; Onshore, close collaboration External consulting;
platforms and applications own senior management Long Long Few
for resale

Ve i 3 ffsh ica c . -
Dev elupmgnl of internal Offshore Typically outsourcing Short Middle Few:
(ICT) applications many
Product devel t (ge- - / near- ic: s i . .

roduct development (ge- On- / near- / offshore Typically outsourcing or Middle Middle-long Few
neric) own development center
Product development On- / near- / offshore; single Typically own . .
(embedded; complex) project should be co-located development center Middle Middle-long Few
Validation of software On- / near- / offshore; tasks Typically outsourcing or
test and development should be | own test center Middle Middle Few
co-located
Maupen_ance of internal Offshore Typically outsourcing or Middle Middle-long Many
applications own development center
Maintenance of products Near- / offshore Typically outsourcing or Middle Long Few
own development center
Selection and»mslallatlon of On-_/ near-shore, close collab- Consgltagt; preferably own Short Short-middle | Few
software and infrastructure oration organization
Operation of infrastructure On- / near-shore Typically outsourcing or Short Short-middle Few
own IT center

Opel:atl&‘)n of internal On- / near- / offshore Typically outsourcing or Short Middle Few
applications own IT center

The second column shows the most appropriate business model for such an
operational scenario. The next column indicates how external suppliers might be
included. Obviously, external suppliers do not fit in to all scenarios, depending on
intellectual property and dependency exposure but also related to risk management
for future growth. The learning curve duration and the break-even period depend on
these scenarios and are summarized in the subsequent columns. The last column
finally portrays how many parties (external or internal) are most appropriate.
Needless to say, most scenarios are most effectively handled with a small number
of contributors—except such cases where the contribution can be well isolated and
decoupled from overall project flow and risks (e.g., software components or
platforms that are selected and evolve in parallel but without critical dependencies).

Effective work organization and resource allocation is key to successful global
software development. There are two options for organizing global assignments,
namely, virtual teams and collocated teams.

Virtual teams are set up with engineers from different parts of the world with a
shared objective for the duration of the assignment (see also Chap. 10). They
collaborate inside the team with high functional coherence. Virtual teams are
created when skills are distributed and must cooperate toward an engineering
product or design. The advantage certainly is the famous “follow the sun” approach
of continuous engineering because one part of the team is almost always able to
take up the work of another that just finished working hours. Evidently this works
not for a setting with engineers in close time zones (e.g., North American compa-
nies working with engineers in South America, Western European companies
working with engineers in Eastern Europe and India, Chinese, Japanese and Korean
companies working with engineers in Vietnam).
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The drawback of virtual teams is communication difficulties and the lack of team
spirit because people do not know each other. Virtual teams need precisely allo-
cated work packages and demand an overhead planning. They demand excellent
collaboration tools beyond configuration management and document management.
Continuous integration of the resulting code is a big advantage in virtual teams
regardless of whether they work on new designs or maintenance tasks. It assures
that team members in other places can continue with the same code and be sure that
it is working when they start.

Collocated teams work at one place with a defined work assignment. They
benefit from being together as a team and, thus, from simplified communication.
Collocation means that team members should sit in the same building, perhaps the
same room. From a mere people management perspective, this is of great advantage
and can yield productivity gains of 30—50 % (Ebert and Dumke 2007). Being at one
place, they can utilize standard engineering tools for configuration management or
their shared documents, thus keeping the setup rather simple.

The difficulty in setting up such teams is that the necessary skills are not always
available at one place. Often, such teams suffer from interface inconsistencies with
their fellow teams working on different assignments in different places. Competi-
tion between teams could impact integration negatively. It is of benefit for collo-
cated teams to establish clear quality gates and quality control activities (e.g.,
reviews, inspections, unit tests with defined exit criteria) to assure the right quality
level when the resulting work products are passed on to other places in the world.

Independent of the team structure (i.e., virtual or collocated), we recommend
using fully allocated team members and coherent assignments.

Coherence means that the work is split during development according to feature
content, which allows assembling a team that can implement a set of related
functionalities. The more coherence the work assignment has, the less dependencies
and interactions occur with other teams that might work in different settings or even
different places and time zones. Projects are, at their kick-off, already split into
pieces of coherent functionality that will be delivered in increments to a continuous
build. Coherent functional entities are allocated to development teams, which can
be based in different locations. Architecture decisions, decision reviews at major
milestones, and tests should be done at one place. Experts from countries with a
minority contribution will be relocated for the time the team needs. This allows
effective project management, independent of how the project is globally allocated.

Full allocation implies that engineers working on a project should not be
distracted by different tasks in other projects. The more the allocation to a single
task and shared objective within one team, the fewer engineers are distracted by
disturbances and thus context switches. Full allocation does not mean 100 %, but
should certainly be higher than 60 %. If tasks are too small, then related tasks
should be allocated to the team. The difficulties usually start with very heteroge-
neous assignments such as working on two different products. In such cases, the
context switching from one product to the other is highly dysfunctional and causes
dramatic productivity loss.
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These working principles directly impact productivity. Team members must
communicate whenever necessary and without long planning and preparation to
make the team efficient (Carmel and Espinosa 2012). Alcatel-Lucent, for instance,
evaluated projects over 5 years and could distinguish according to the factor of
collocation and the allocation degree (Ebert 2012). Collocated teams achieve an
efficiency improvement of over 50 % during initial validation activities (Ebert
2012; Ebert and Dumke 2007). This means that with the same amount of defects
in design and code, those teams that sit in the same place need less than half the time
for defect detection. Allocation directly impacts overall project efficiency. It was
found in the same long-term study that small projects with highly scattered
resources would show less than half the productivity compared to projects with
fully allocated staff. Cycle time is similarly impacted. People switching between
tasks need time to adjust to the new job. In that same study, Alcatel-Lucent found an
impact of a factor 2-3 compared to what is necessary if resources are allocated to
one job during a window of 1 week upward.

Ensure that people work on few tasks or work packages—with the highest
possible allocation. More tasks mean more interrupts and thus more defects and
longer response times and ultimately reduced motivation. Enriching jobs in the way
described above means also more training and coaching needs. We saw, however,
in our own experiences over the past 10 years that coaching pays off. Looking only
at the cost of nonquality, that is, the time to detect and correct defects, we found that
projects with intensive coaching (ca. 1-2 % of accumulated phase effort) could
reduce the cost of nonquality in the phase by over 20 % (Ebert 2012). A breakeven
is typically reached at ca. 5 % coaching effort (Ebert 2012). This means that there
are natural limits toward involving too many inexperienced engineers.

The higher the allocation, the more motivation and ownership you will gain from
your global development teams. The major changes for a team moving to global
development are concurrent engineering and teamwork. They need to be supported
by the respective workflow techniques. We assemble cross-functional teams espe-
cially at the beginning of the project. Even before project kick-off, a first expert
team is called to ensure a complete impact analysis that is a prerequisite to defining
increments. Concurrent engineering means that, for instance, a tester is also part of
the team, as experience shows that designers and testers look at the same problem
very differently. Testability can only be ensured with a focus on test strategy and
the potential impacts of design decisions already made during the initial phases of
the project.

Based on a mapping of customer requirements to architectural units (i.e.,
modules, databases, subsystems, and production tools), global engineering activi-
ties can be treated according to their impact on architectural entities:

» Small independent architectural units that could be fairly well separated and left
out of any customization. Typically, they are subject to moving into separate
servers. Development is collocated at one place

¢ Big chunks that would be impacted in any project and thus need a global focus to
facilitate simple customization (e.g., different signaling types can be captured
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with generic protocol descriptions and translation mechanisms). Development
happens in multiskilled teams. These skills are replicated in almost all locations.

» Market- or customer-specific functional clusters that would be defined based on
the requirement analysis and ultimately form the project team responsible for a
customer project. This type of requirement must be the exception and asks for a
dedicated pricing strategy as it creates most overheads—but could be most
interesting for our customers to differentiate

Such a separation of architectural units is the necessary precondition for splitting
a global project into teams that can be individually collocated.

9.6 Risk Management in Global Software Projects

Globally distributed software development amplifies typical software project—and
product-related risks, such as project delivery failures and insufficient quality.
Worse yet, it creates new risks, such as inadequate intellectual property rights
(IPR) management or lock-in situations with suppliers. These risks must be iden-
tified in due time and have to be considered together with the sourcing strategy and
its operational implementation.

While the classic centralized software development approach allowed solving
problems in the coffee corner or around the white board, global teams are composed
of individuals who are culturally, ethnically, and functionally diverse. They work in
different locations and time zones and are not easily reachable for a chat on how to
design an interface or how to resolve a bug that prevents tests from progressing.
This explains that, for instance, only 30 % of all embedded software is developed in
a global or distributed context, while the vast majority is collocated. The reason is
very simple: Embedded software poses a much higher risk on safety and reliability,
and thus, companies prefer risk management in their own—known—environment,
rather than adding risk through global teams. How can these risks be mitigated and
be thus flexibility improved?

Risk management is the systematic application of management policies, pro-
cedures, and practices to the tasks of identifying, analyzing, evaluating, treating,
and monitoring risk (see also Chap. 5). Global development projects pose specific
risks on top of regular risk repositories and check lists. They relate to two major
underlying risk drivers, namely, insufficient processes and inadequate management.

Not all eventualities can be buffered because in the global economy, developing
and implementing products must be fast, cost effective, and adaptive to changing
needs. Therefore, there is a need to utilize different techniques to effectively and
efficiently mitigate risks. Governance and legal regulations play a crucial role in
mitigating risks in global pro