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ABSTRACT
Twenty years ago. Information Technology was focused on the automation of manual
processes. The business benefits were to decrease cost by reducing resources. Financial
measures such as Return-On-Investment were adequate, as project costs were typically
isolated to the business department undergoing the automation and the Information
Technology department developing the system. In today's world, Information
Technology systems are being implemented for more complex and strategic objectives.
In addition the cost and benefits are distributed throughout the organization and often not
well understood or harvested.

The Nolan Norton Institute suggested using the Balanced Scorecard as a better approach
to measure business value in these situations. The Balanced Scorecard translates an
organization's objectives into four perspectives: Financial, Customer, Internal Business
Process and Employee Learning and Growth.

In this thesis, the Balanced Scorecard will be used to evaluate the business value
associated with Software Process Improvement. A n industry based case study of an
organization using the Software Engineering Institute's Capability Maturity Model (SEI
C M M ) for Software Process Improvement was used to examine the benefits of using the
Balanced Scorecard for the Business Case. The Software Engineering Institute's
Capability Maturity Model provides a framework to assess and progressively improve
processes used in delivery of Information Technology systems and is a de facto standard
for Software Process Improvement.
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CHAPTER 1.

INTRODUCTION AND OBJECTIVES OF THE
RESEARCH

1.0.

Introduction
1

In 1996, the X X X Corporation's Information Technology management team asked the
researcher to lead a Software Process Improvement Project. The X X X Corporation had
just completed a corporate wide Business Process Re-engineering initiative, which led to
the decentralization of the Information Technology practitioners into 17 departments
distributed throughout the organization. Management identified the need for
standardized software processes to improve system delivery and to provide consistency
across the decentralized organization. The X X X Corporation had also recently initiated a
Balanced Scorecard for performance management to clarify and set goals for the new
organization.

There were many projects identified through the Business Process Re-engineering
initiative but a limited amount of resources and funds. The Information Technology
departments implemented a gated process for prioritizing, selecting and executing
projects. The key to the gated process was the Business Case that defined the business
value of the project's deliverables.

The researcher of this thesis was appointed as the project manager and process architect
on the Software Process Improvement Project. The first activity for the researcher was to
develop a Business Case to get approval for the project.

For confidentiality purposes the organization can not be identified and will be referred to as the X X X
Corporation

2
The X X X Corporation was like many organizations and did not have metrics to support
the traditional Return-On-Investment calculations used to determine the business value of
proposed Information Technology investments. In the absence of internal metrics, the
researcher turned to benefits reports that had been published by other organizations
embarking on Software Process Improvement. The intent was to use the published
Return-On-Investment metrics to extrapolate typical benefits that could be realized by the
X X X Corporation.

At the time of the research, the only published metrics were from government and large
military companies [Herbslan 1994]. Herbslan noted that each of companies in the study
had previous process improvement experience and that the results were probably not
representative of what other organization could expect to realize.

The management of X X X Corporation would not accept these published business value
metrics. This led the researcher to the concept of defining the Business Case for
Software Process Improvement by showing how the goals of the SEI C M M Key Process
Areas would contribute to X X X Corporation's goals as defined in X X X ' s Balanced
Scorecard. The Information Technology management team for X X X Corporation
approved the Software Process Improvement Project based on this qualitative Business
Case.

With management approval, the researcher led the Software Process Improvement
Project using SEI C M M Level 2 as the framework for the software processes. The
researcher selected a typical project within X X X Corporation to use as a Pilot Project for
the Software Process Improvement. A n external company performed SEI assessments on
the Pilot Project before and after the process improvement initiative. The final SEI
assessment of the Pilot Project indicated that the Software Process Improvement Project
had advanced the software delivery capability of the X X X Corporation from Level 1 to
Level 2 of SEI C M M . The Software Process Improvement Project was deemed a success
based on the assessment.

3
Management had approved the Software Process Improvement project based on the
qualitative Balanced Scorecard, however the researcher realized that other organizations
would need analysis that is more detailed before approving a project based on a
qualitative Business Case. In this thesis the researcher will analyze the Business Case
and compare this with the business benefits documented through the SEI assessment
results of the Software Process Improvement Project. The researcher expects that the
results of the analysis will be useful to organizations in a number of ways:
•

A financial based Business Case does not typically address the breadth of benefits
that are realized through Information Technology investments. The intangible and
non-financial benefits such as employee satisfaction are hard to quantify and
therefore are not included in most Business Cases. As Gross[2001] states "Ignoring
the intangibles was fine 30 years ago; not anymore". The Balanced Scorecard
analysis models presented in this thesis can be used as a basis for identifying the
financial, non-financial and intangible benefits when evaluating the value of Software
Process Improvement.

•

The Balanced Scorecard analysis models can be used for determining the metrics
necessary to measure the business value of an investment for benefit realization.
There is a need to understand what is of interest before effective measurements can be
identified [Neuman 1997]. The analysis models presented in this thesis provide
industry with a means of identifying the areas of interest.

1.1.

Objectives of the Research

The objectives of this research are as follows:
•

To review the current state of evaluating business value of Information Technology
investments.

•

To review the current state of the art in Software Process Improvement using the
Software Engineering Institute's Capability Maturity Model (SEI C M M ) .

•

To introduce the Balanced Scorecard and how the Balanced Scorecard is being used
to represent the goals of an organization.

4
•

To review published business benefits reports for SEI C M M process improvement.

•

To describe the industry environment where the research was conducted, including a
description of the Pilot Project used for the Software Process Improvement Project.

•

To analyze the qualitative Balanced Scorecard Business Case prepared by the
researcher for the Software Process Improvement Project

•

To discuss the results from the analysis and display how the results from this thesis
can be used by other organizations.

1.2.

Summary

In Chapter 2, the researcher describes the evolution of Information Technology, and the
impact that the evolution has had on determining the business benefit of Information
Technology investments. Included is an overview of Information Technology investment
evaluation approaches and the challenges associated with the financial models most
commonly used. The researcher introduces the Balanced Scorecard as a means to
determine and communicate the business value of Software Process Improvement
through four perspectives that support the organization's mission and strategy: Financial,
Customer, Internal Business Processes and Employee Learning and Growth.

In Chapter 3, the researcher provides an overview of Software Process Improvement
using the SEI C M M (Software Engineering Institute's - Capability Maturity Model).
The current financial method of building Business Cases for SEI C M M initiatives are
documented along with the shortcomings of measuring business value in financial terms
only.

In Chapter 4, the researcher introduces the industry setting and the case study that was
used in the research of this thesis. This case study was X X X Corporation's Software
Process Improvement Project led by the researcher. The original Balanced Scorecard
Business Case for the Software Process Improvement project is presented.

5
In Chapter 5, the Balanced Scorecard Business Case is analyzed with the results from the
external SEI assessment to determine the business value achieved. The conclusion is a
discussion of how the research findings relate to organizations that are establishing
Software Process Improvement initiatives.

In Chapter 6, the researcher analyzes how the thesis objectives have been met. The
limitations of the research method and possible future work are identified.

6

CHAPTER 2.

BUSINESS VALUE AND BALANCED
SCORECARDS

2.0.

Introduction

The application of Information Technology has evolved from the "Automation of Work'*
through "Information Technology" into the current, more strategic, focus of "Business
Transformation". As the focus has changed so has the need to evolve the means of
evaluating the business benefits associated with Information Technology investments.

Traditional, financial analysis methods are deficient in today's strategic focus of
Information Technology. Work from the Nolan Norton Institute has shown the
inadequacies of the financial analysis methods and resulted in the conception of the
Balanced Scorecard.

2.1.

Evolution of Information Technology

The objectives for Information Technology systems have evolved from "Automation of
Work" through the "Management of Information" to the current focus of "Business
Transformation". As the focus on Information Technology has evolved the complexity
and strategic importance of Information Technology has also increased [Thorpe 1998].

The stages of Information Technology evolution are summarized in Table 2-1 in terms of
the impact, benefits and example system.

7

Table 2-1 The Stages of Information Technology Evolution [Thorpe 1998].
The three stages of Information Technology evolution described by the desired
impact, benefits for the investments and typical systems developed.
Stage
Automation of
Work

Information
Management

Business
Transformation

2.2.

Impact

Benefit

• Getting work
done
• Doing the same
things more
efficiently
• Restructuring
work and work
processes
• Doing things
differently

• Operational
efficiency

. Defining the
business
• Doing different
things
• Changing the
business/industry
rules

•

• Operational and
tactical
effectiveness

Strategic
effectiveness and
positioning

Examples
• Payroll
• Check processing
• Basic airline
reservation
systems
• Customer
information
systems
. Airline yield
management
systems
• Executive
information
system
• Just-in-time
inventory systems
• Electronic
commerce

Evolution of Measuring Business Benefits

The focus of Information Technology in the early years was on the automation of clerical
task for the business benefit of reducing the operating cost [Serafeimidis 2001a]. The
type of systems developed focused on automation in manufacturing and in the back-room
tasks. For example, payroll applications were being developed and implemented. Use of
the payroll applications reduced manual effort by automating routine clerical accounting
tasks. The business value was specific and relatively easy to measure, as the benefits
were associated with reducing staff. Typically, the systems were standalone and focussed
on a single business department with the development cost essentially confined to the
centralized Information Technology departments. Due to the centralization, the costs

were largely isolated to the cost of the hardware, software and implementation. Simple
cost-benefit analysis of comparing the estimated cost to the estimated financial returns
was adequate for management to determine the priorities for the company's Information
Technology investments.

Since the systems developed today are more strategic in nature, the business benefits are
both potentially larger than in the data processing days, but more difficult to predict and
measure [Thorpe 1998]. In addition, the impact that the Information Technology
investment will have on the business as a whole must be identified in order to compare
and prioritize initiatives. Although the financial benefit is still important, management
needs to expand the evaluation criteria to include the benefits that the Information
Technology investments have on the organization's overall performance.

Currently there are three issues facing Information Technology management in the
evaluation of Information Technology investments [McKay and Marshall 2001]:
1) For competitive reasons, organizations must invest substantially in Information
Technology, even when they cannot fully justify the investments financially.
2) Information Technology infrastructure is becoming increasingly complex and
heavily integrated into an organization's processes and infrastructure. This makes
it very difficult to isolate the impact (cost and benefits) of a specific investment
from other investments and ongoing activities.
3) Few executives understand Information Technology even though vast investments
are being made.
McKay and Marshall [2001] conclude that executives are pressured into large
Information Technology investments despite their misgivings about the Return-OnInvestment. One reason is that there is a failure to link Information Technology
investments to strategic initiatives. Another reason is that current evaluation techniques
are inadequate.

The evolution of Information Technology has resulted in a need to evolve the methods
that management uses to prioritize and select initiatives for Information Technology
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investments. Return-On-Investment comes from the manufacturing era and doesn't
reflect the benefits that today's companies are trying to achieve with business process
improvement, market and customer service and competitiveness [Financial World 1994].

2.3.

Current State of Measuring Business Value in Industry

The most common way to assess the benefits of a project is through a Return-OnInvestment calculation [Hartman 2000]. However, the value assessment should also
include the linkage between the project and the corporate strategy. Hartman[2000] states
"Some of the most important projects for our organizations are not likely to contribute
directly to the profitability of the business. Measures of return on investment are not
always obvious."

In today's environment, evaluation of Information Technology investments is a major
issue for both management and academics [Berghout and Renkema 2001]. The current
state of Information Technology investment evaluation and the challenges faced by
industry can be seen through the following statements made about the evaluation of IT
investments in other domains:
•

Violini [2000a] notes the following statistics from a survey on e-Business
investments from 1000 Information Technology managers:
-

Only 33% of the managers had justified e-Business based on formal Return-OnInvestment calculations. The remaining managers reported using softer rationale
such as competitive advantage.
25% of the managers stated that they don't have the time or budget to measure
Return-On-Investment.
19% claimed the metrics available are not adequate for Return-On-Investment
calculations.
12% state that e-Business is too strategic for Return-On-Investment.

•

The traditional evaluation method of Discounted Cash Flows (DCF) fails on
Customer Relationship Management projects [Thomas 2001]. Thomas states that
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DCF has limited value at best, and can be misleading due to the complexity of the
environment and the lack of reliable metrics.
•

Many of the benefits of e-business are intangible and hard to measure and may
include hidden cost [Violini 2000 b]. Violini quotes Leon Kappleman, Associate
Professor Computing at the University of North Texas in Dallas 'Typical metrics
aren't going to cut it. Much of Return-On-Investment still doesn't take into account
intangible things".

•

Investment in Advanced Manufacturing Technology (AMT) is considered strategic
and of great potential returns [Lefley 1996]. However, the industry is challenged
with justifying the investment using conventional financial models alone.

•

92% of companies do not measure the Return-On-Investment of online selling
[Teichgraeber 2001].

•

Enterprise Resource Planning (ERP) projects traditionally are measured based on the
financial return alone [Fryer 1999]. However, measuring projects based on financial
measures such as lowering head count or shrinking inventory has missed possible
returns through strategic and intangible benefits.

•

Investments cannot be ignored just because the associated Return-On-Investment is
difficult to calculate [Raisinghani 2001].

2.4.

Information Technology Investment Evaluation Methods

Information Technology investment evaluation is defined by Lin and Pervan [2001] as
"the weighing up process to rationally assess the value of an acquisition of software or
hardware which is expected to improve the business value of an organization s
information systems".
Berghout and Renkema[2001] state that evaluating Information Technology investments
has been a problem for four decades. The difficulties with traditional evaluation methods
have given rise to over 60 methods that are currently being used. The research paper by
Berghout and Renkema [2001] summarizes the 60+ evaluation methods into four
categories: Financial, Multi-Criteria, Ratio and Portfolio.

11

Financial Approach.
Financial evaluation methods look at the impact that the investment will have in
monetary cost and benefits. Three commonly used methods are Cost-Benefit analysis,
Return-on-lnvestment and Net Present Value.
•

Cost-Benefit Analysis
The simplest financial evaluation technique is to directly compare the benefits to the
cost [Violini 2000b]. For example:
• Project " A " cost $1,500,000 and will result in cost savings of $2,000,000. The net
benefit of this project is $500,000
- Project "B" cost $500,000 and will result in cost savings of $800,000. The net
benefit of this project is $300,000
Although Project "A" will have a higher net benefit, the effect of the initial
investment needs to be included into the calculation.

•

Return-On-Investment.
Return-On-Investment is defined as the ratio of cost savings or avoidance to the cost
of the system. This addresses the amount of the investment required to return a
benefit.
Project "A" has a Return-On-Investment of 1.33
•

Project "B" has a Return-On-Investment of 1.6

Based on the Return-On-Investment, Project B appears to be the better investment.

•

Net Present Value.
Net Present Value (NPV) is defined by Thomas [2001] as "the net stream of cash
flow attributable to the project, discounted at the cost of capital". For example:
$100 invested at 5% will be $105 in a year. Therefore, if the investment requires a
cash flow of $105 next year, the cost to the project is $100 in today's dollars. This
approach takes into account the discounted cost of money in today's dollars.
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•

If the cost of $1,500,000 for Project "A" was incurred in the first year and the cost
savings of $2,000,000 were realized in the second year, the NPV of Project A is
$385,500.

•

If the cost of $500,000 for Project "B" was incurred in the first and the cost
savings of $800,000 were realized in the second year, the NPV of Project B is
$249,400.

These financial evaluation methods are quantitative and therefore provide consistent
selection criteria for investments. However, the financial evaluation methods may not
reflect the business value of an investment as it can be difficult to quantify the benefits
and cost, and the approach neglects the intangible benefits [Perfva 2001]. The challenges
of using the traditional financial approach are discussed further in Section 2.5 of this
thesis.

Multi Criteria Approach.
The Multi Criteria methods include both financial and non-financial benefits of an
investment. The strength of these methods is in the combining of the quantitative with
qualitative criteria to get a balanced view of the potential business value. Parker and
Benson's Information Economics is the most well known [Berghout 2001].
•

Information Economics (IE)
The Information Economics evaluation method appraises the Information Technology
investment in three perspectives: financial, business domain and the technical domain
[Berghout 2001].
The financial evaluation is based on the Return-On-Investment.
-

The business evaluation appraises the investment for its contribution to strategic
goals, improvements in market position, improvements in communication with
management, improvements in internal competencies. The business appraisal
also takes into account the risk of not doing the initiative.
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-

The technical evaluation appraises the alignment with Information Technology
plans, clarity of the requirements, the technology and infrastructure risk and the
new skills that would be acquired.

•

Balanced Scorecard
Berghout[2001] describes the Balanced Scorecard as an extension of Parker and
Benson's IE financial and business evaluation. The Balanced Scorecard is described
in detail in Section 2.6, 2.7, 2.8 of this thesis.

Ratio Approach.
The Ratio Approaches use ratios to evaluate Information Technology effectiveness. Lin
and Pervan[2001] state that the most popular ratio is the Return on Management which is
a measure of performance based on the added value provided by management. Berghout
and Renkema[2001 ] state "the value added by management is related to the cost of
management". From this ratio, a proprietary database of industry metrics is used to
analyze the contribution that Information Technology has made to the corporation.

Portfolio Approach.
The Portfolio methods represent the impact of the investments through multi-criteria
graphs. Portfolio evaluation is an extension of the Multi-Criteria approaches. For
example: the Investment Portfolio evaluates the contribution on three criteria: the benefit
to the business domain, the benefit to the Information Technology domain and the
financial return [Berghout and Renkema 2001]. The contribution to the Information
Technology and business domain is evaluated through a list of decision criteria. Each of
the decision criteria is given a weighting based on the importance to the organization.
The Information Technology contribution and the business contribution are calculated
based on the weighted scoring of the investment against a list of decision criteria. The
result is an Investment Portfolio graph shown in Figure 2-1. Each potential Information
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Technology project is plotted based on the results of the business and Information
Technology contributions. The financial contribution is represented by the size of the
circle. For example the Net Present Value for project A is twice that of project B. so the
plotted point is twice as large.
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Figure 2-1 Investment Portfolio.
Indicates the Information Technology investment's contribution to the business
domain , Information Technology domain and the financial return. The relative
NPV of each project is represented by the size of the point.
[Berghout and Renkema 2001].

2.5.

The Challenges of Financial Based Evaluations.

Financial analysis methods were effective during the early stages of Information
Technology evolution but have serious shortcomings especially in today's environment.
These methods do not take into account the risk of the project, the alignment of the
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project with strategic business directions or intangible benefits. Financial analysis suffers
from three detriments according to Kaplan [1996]:

1. Traditional cost-benefit approaches are microeconomic and encourage low risk
investments with small returns;
2. Cost-benefit analysis are a result of a manufacturing economy where labour is treated
as an expense; and
3. The financial analysis is static and short term. Projects of high strategic value may
fair very poorly when evaluated using financial analysis such as Return-OnInvestment.

Germain [2000] states that a balanced approach to project selection is required to
recognize and realize the hidden value in projects. Assessing the payback is required but
not enough when selecting projects these days. The project's outcomes need to be
assessed against the potential Learning and Growth. Process Quality and Customer
Satisfaction. This may require subjective analysis, but will identify the strategic projects.
Germain suggest looking at each of the four perspectives on a Balanced Scorecard and
developing measures.

2.6.

Where Balanced Scorecards Came From

The work from the Nolan Norton Institute identified that financial analysis was
insufficient for determining investment priorities. Addressing the limitations of financial
analysis methods was the premise for a one-year multi-company study that was
sponsored by the Nolan Norton Institute [Kaplan 1996]. The study was called
"Measuring Performance in the Organization of the Future" and was resourced by a
dozen companies from manufacturing and service, heavy industry and high-tech. David
Norton, CEO of Nolan Norton was the leader of the study and Robert Kaplan was the
academic consultant.
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The first half of Norton's initiative focussed on case studies of innovative ways to
measure performance. Many methods were analyzed and the project participants quickly
focused in on the multidimensional Corporation Scorecard that was being used by one of
the participants to measure the progress of its continuous improvement initiatives. This
Corporate Scorecard contained financial measures in addition to measurements for
customer delivery times, quality and cycle times of manufacturing processes, and the
effectiveness of the new product development.

The Corporation Scorecard was expanded by the study group to include three new
perspectives: Customer, Internal and Innovation / Learning. The Scorecard was renamed the Balanced Scorecard [Kaplan 1996] to denote the balance between financial
and non-financial, short and long term objectives and between internal and external
performance perspectives.

The Balanced Scorecard was piloted at several of the study participant's sites. From the
pilot studies, the following four perspectives were determined to provide a
comprehensive view of the business: Financial, Customer, Internal Business, and
Employee Learning and Growth.

2.7.

What is a Balanced Scorecard

The Balanced Scorecard translates mission and strategy into objectives and measures,
organized into four different perspectives: financial, customer, internal business process,
and employee learning and growth. The Balanced Scorecard provides a framework, a
language, to communicate mission and strategy; it uses measurement to inform
employees about the drivers of current and future success [Kaplan 1996].

The Balanced Scorecard [Kaplan 1992b] as shown in Figure 2-2, enables an organization
to identify a balanced set of goals that support the organization's vision and strategy. The
goals are aligned into each of the four perspectives of the Balanced Scorecard, and a set
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of measures are defined that will allow the organization to set targets and monitor
progress to achieve the defined goals.

Internal B u s i n e s s
MEASURES

Customer
GOALS

MEASURES

Financial

Vision
and
Strategy

GOALS

MEASURES

Employee Learning & Growth
GOALS

MEASURES

Figure 2-2 Balanced Scorecard Links Performance Measures
Within each of the four perspectives of the Balanced Scorecard, goals are identified
that contribute to the organization's vision and strategy. A set of measures is
defined for each goal to set targets and monitor progress.

Financial Perspective
The Financial Perspective of the Balanced Scorecard measures the contributions that are
being made to the organization's bottom-line. The measures identify the tangible
financial goals and are used as an objective measure of the status of the organization as
the financial goals relate directly to the profitability. Examples of measures that could be
used are Return-On-Investment, cash flow and sales growth.

IS
Customer Perspective
The Customer Perspective of the Balanced Scorecard focuses on how the Customer sees
the organization. Typical measures are customer satisfaction, customer retention,
customer growth and market share.

Internal Business Perspective
The Internal Perspective of the Balanced Scorecard looks at the business processes where
the organization wants to excel. These focus on the core competencies that will improve
customer satisfaction and provide the largest financial returns. Through the usage of the
Balanced Scorecard, new processes are identified that are required to support the vision
and strategy and to promote innovation.

Employee Learning and Growth Perspective
The fourth perspective of the Balanced Scorecard is Employee Learning and Growth.
This will identify infrastructure and organization changes required to sustain long term
growth. The Financial, Customer and Internal Business perspectives will identify gaps in
the current capability of the organization. These gaps will be addressed through the
organization's investment in the people, process and tools.

2.8.

Building a Balanced Scorecard

The goal of the Balanced Scorecard is to translate an organization's strategic goals into a
balanced set of measurements. The goals and measures in each of the four perspectives
are therefore selected to best communicate the intent of the organization's overall
strategy. Each organization's Balanced Scorecard will be unique as the goals and
measure are selected to align to the specific mission and strategy of the company.
Although each organization is unique, Kaplan has identified generic measures that appear
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on most organization's scorecards. These generic measures are shown in Table 2-2
below.

Table 2-2 Generic Measures for Balanced Scorecard
Sample Measures for each of the four perspective
of a Balanced Scorecard [Kaplan 1996]

Balanced Scorecard
Perspective
Financial

Sample Measure
•

Return-On-Investment

•

Profitability

•

Cost reduction

•

Revenue growth

•

Customer Satisfaction

•

Customer Retention

•

Market share

•

Customer acquisition

•

Quality

•

Response time

•

Cost

•

New product introduction

Employee Learning and

•

Employee satisfaction

Growth

•

Employee retention

•

Employee productivity

Customer

Internal Business

Defining and establishing an organization's Balanced Scorecard is a performance
management initiative on its own. Kaplan[1996] suggests the following approach to
build a Balanced Scorecard:
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•

Establish the objectives for the Balanced Scorecard program. In this phase, senior
management must identify the objectives for the performance management initiative.
For example: achieve focus, obtain clarity on strategy etc.

•

Define the measurement architecture. In this phase, the executive team defines the
business unit for the top-level scorecard, based on the organization's structure. The
team must also identify each of the divisional units that will develop Balanced
Scorecards linked to the top-level scorecard.

•

Build consensus around strategic objectives. Through interviews with senior
executives, the strategic objectives for the organization are articulated and agreed to.

•

Select and design measures. The goals and measures are developed for each of the
four perspectives of the balanced scorecard.

Kaplan states that building a scorecard is a 16-week process if management is committed
and the appropriate management resources are available and totally focused on the
process. Once the Balanced Scorecard is developed, it must be established into the dayto-day operations of the entire organization. For National Insurance, the building and
establishment was a 26-month initiative [Kaplan 1996].

The organization studied in Chapter 4 and 5 had recently come through a 2-year Business
Process Re-engineering initiative. The Business Process Re-engineering resulted in a
step change for the organization as the company's vision and strategy changed
significantly. There was a radical reorganization in the Information Technology
department. The Information Technology organization moved over-night from a
centralized to a decentralized model. In order to get the benefits from the re-engineering,
the company required the employees to be focused on and aligned with the new vision.
The company developed a Balanced Scorecard that helped to clarify and communicate
the vision and align resources with strategic goals.
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2.9.

Discussion

Information Technology accounts for a substantial percentage of an organization's
investments. However, the Information Technology evaluation methods used do not
provide management with an understanding of the business value. The magnitude of the
problem is expressed in the following quotes:

"In 1998, expenditures for Information Technology accounted for more than
50% of corporations' annual capital investment in developed economies"
[Murphy and Simon 2001].

"Organizations seeking value for money in Information Technology investments
have spent a lot of energy, time and money that has largely gone to waste.
Therefore evaluation is often ignored or carried out inefficiently because of its
elusive and complex nature" [Lin and Pervan 2001],

The most popular evaluation method is financial calculations such as Return-OnInvestment. The advantage of the financial methods is that they produce quantified
results, which provide an easy comparison between potential investments. A major
disadvantage is that financial methods do not provide a complete view of the business
benefits. The financial calculations do not evaluate the linkage of an investment to
business strategies and do not take into account risk. Financial evaluations were
sufficient during the early stages of Information Technology. However in today's world.
Information Technology systems are more complex and strategic in nature. The cost is
distributed throughout the organization and the benefits are often not understood or
measured. Consequently, the financial benefits are often difficult to quantify and do not
reflect the full business value of the investment.

The ratio method of evaluation suffers from the same disadvantages as the financial
methods as they do not take into account a balanced view of the benefits. Another
disadvantage to the ratio method researched in this thesis is that it requires access to
proprietary data for benchmarking and the result is of questionable value.
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The multi criteria approaches for investment evaluation such as Information Economics
(IE) and the Balanced Scorecard provide a balance between the financial and nonfinancial benefits. IE takes into account the risk of the project as well as the alignment
with Information Technology plans.

The portfolio evaluation methods provide a balance between financial and non-financial
benefits. The researcher of this thesis has seen the portfolio evaluation method used in
industry. The method observed by the researcher took into account the risk of project
delivery and the risk of not doing the project. The disadvantage of the portfolio
evaluation method was that the decision criteria were based on a subjective questionnaire.

The problems industry is facing with evaluating Information Technology investment, are
summarized below:
•

Financial criteria are important but can be very difficult to measure.

•

Financial benefits alone do not reflect the full business value. There is a need to
identify and quantify non-financial benefits to be used in the evaluation of
Information Technology investments. Information Technology investments need to
be linked with business strategies to determine the business value.

The problems with evaluating investments may not be exclusive to the Information
Technology domain.

In conclusion, Information Management investments are difficult for organizations to
justify on a financial basis alone. In addition, organizations initiating their first Software
Process Improvement project typically do not have the metrics to support a Return-OnInvestment Business Case nor do they have the means to determine if the business value
of the investment was achieved.

23

2.10.

Summary

In the early 1990's, a study at the Nolan Norton Institute concluded that financial
measures were obsolete and a better method to measure business value was needed
[Kaplan 1992a]. The institute initiated a multi-company study, which resulted in the
creation of the Balanced Scorecard. The Balanced Scorecard translates an organization's
strategic objectives into four perspectives: Financial, Customer, Internal Business
Processes, and Employee Learning and Growth. Balanced Scorecards are typically used
by the organization for performance management.

In Chapter 3, the researcher provides an overview of the SEI C M M (Software
Engineering Institute's Capability Maturity Model) and discusses the published benefits
reported by SEI. The SEI C M M was used by the X X X Corporation as the framework for
Software Process Improvement.
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CHAPTER 3.

MEASURING BUSINESS VALUE OF SOFTWARE
PROCESS IMPROVEMENT

3.0.

Introduction

The SEI C M M (Software Engineering Institute's Capability Maturity Model) provides an
organization with the means to determine the current maturity level of their software
delivery processes. In addition, this five level maturity model suggests an ordered listing
of processes to be used as a framework for Software Process Improvement initiatives. In
order to use the SEI C M M for process improvement it is necessary to first understand the
premises behind the C M M and the structure of the levels. Level 2 of the C M M was the
target maturity level in the Case Study documented in Chapter 4 and 5. A summary of
Level 2 is described in this chapter and the details are included in Appendix " A " .

In 1993, the Software Engineering Institute solicited 20 organizations to participate in the
first study of process improvement initiatives based on the SEI C M M . The motivation
for this study was to provide industry management with data to support the business
value of Software Process Improvement. The results from this study are included in this
chapter. The organizations used in the SEI 1993 study were mainly government and
military and all had quality management initiatives in place.

3.1.

Software Process Improvement and SEI C M M

The Software Engineering Institute (SEI) is an U.S. Federally Funded Research and
Development Center sponsored by the U.S. Department of Defense through the
Advanced Research Projects Agency. In the early 1980's, the U.S. defense department
was becoming increasingly dependent on software systems. As with industry, the
government was plagued with software projects running over budget, schedule, and
producing unreliable quality. In order to address this risk, the U.S. Department of
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Defense established the Software Engineering Institute. The goal of the SEI was to
provide leadership in the state of software engineering to improve quality of systems
throughout the lifecycle. In December 1984 the SEI contract was awarded to Carnegie
Melon University.

In the mid-1980's, the U.S. federal government requested a method for assessing a
software subcontractor's process capability. In response to this, the SEI developed a
process maturity framework with assistance from Mitre Corporation. This framework
was released in 1987 along with a questionnaire used to determine the process maturity of
an organization. By 1991, this framework had evolved into the Capability Maturity
Model (CMM) Version 1.0.

The Capability Maturity Model is based on the following premises [SEI-01 2001]:
•

Software quality of an Information Technology system, in large stems from the
quality of the processes used to create it

•

The level of technology used in Information Technology systems must be appropriate
to the maturity of the processes

•

System delivery is a process that can be managed, measured and progressively
improved

The researcher was unable to find any research behind the SEI C M M . However the SEI
C M M was the defacto standard at the time of the case study and was chosen as the
process improvement framework.

3.2.

Structure of the SEI C M M

The SEI C M M is a framework of key processes that defines a five level evolutionary path
of software process maturity [Paulk 1993b]. As shown in Figure 3-1, the level of
maturity indicates the process capability of an organization. This process capability is
used as an indicator of an organization's ability to produce expected results.
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Figure 3-1 Structure of the Capability Maturity Model [Paulk 1993b]
The C M M is comprised of Maturity Levels, which contain Key Process Areas
organized through the Common Features, which contain the Key Practices.

Key Process Areas are defined for each of the maturity levels from level 2 to level 5.
Within each of the Key Process Areas, a number of Goals and Key Practices are defined.
The Key Practices describe the infrastructure and activities that contribute to the effective
implementation and institutionalization of the Key Process Areas [Paulk 1993b].
Establishment of the Key Practices is meant to achieve the Goals of the Key Process
Area. The intent is that the specified Key Process Areas are institutionalized before the
organization progresses to the next level of the maturity ladder.

Within each of the Key Process Areas are sets of activities that are grouped into the five
Common Features: Commitment to Perform, Ability to Perform, Activities Performed,
Measurement and Analysis, and Verifying Implementation. The Activities to Perform,
Measurement and Analysis and Verifying Implementation describe the activities that are
to be implemented. The Commitment to Perform and the Ability to Perform address the
organization's commitment and the ability to perform at the maturity level.

3.3.

Common Features

As shown in Figure 3-1 each Key Process Area has a set of specific goals. Within each
of these, Key Process Area is a set of Common Features that specify the key practices to
achieve the goals. Each Key Process Area is further decomposed into the Commitments
to Perform, Ability to Perform, Activities Performed, Measurements and Analysis and
Verification Implementation [Paulk 1993b]. The definitions of the Common Features are
shown in Table 3-1.
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Table 3-1 SEI C M M Common Features [Paulk 1993b]
The Key Process Areas of the SEI C M M
are decomposed into five sets of Common Features.
Common Feature

Definition

Commitment to

Describes the actions the organization must take to ensure that the

Perform

process is established and will endure. Commitment to perform
typically involves establishing organizational policies and senior
management sponsorship.

Ability to

Describes the preconditions that must exist in the project or

Perform

organization to implement the software process competently.
Ability to Perform typically involves resources, organizational
structures and training.

Activities

Describes the roles and procedures necessary to implement a key

Performed

process area. Activities Performed typically involve establishing
plans and procedures, performing the work, tracking it, and taking
corrective actions as necessary.

Measurement and

Describes the need to measure the process and analyze the

Analysis

measurements. Measurement and Analysis typically includes
examples of the measurements that could be taken to determine
the status and effectiveness of the Activities Performed.

Verifying

Describes the steps to ensure that the activities are performed in

Implementation

compliance with the process that has been established.
Verification typically encompasses reviews and audits by
management and software quality assurance.
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3.4.

Levels of the SEI C M M

The Capability Maturity Model defines five levels of maturity for an organization [Paulk
1993a]. Each of these levels focuses on a set of goals. As an organization moves
through the levels, the processes introduced build on the maturity established in the
previous levels.

The 5 levels are defined as:
•

Level 1: Initial - At this level, processes are mainly ad-hoc and success depends on
individual heroics. As a result, organizations at level 1 are unlikely to be able to
accurately predict schedules, budgets or quality. The environment at Level 1 is
described as chaotic and crisis driven.

•

Level 2: Repeatable - At Level 2, basic management planning and tracking
processes are established at the project level. Process discipline is starting which
enables the organization to repeat successes.

•

Level 3: Defined - At Level 3, software processes are defined at the organization
level. Each project starts with the organization's processes and tailors them for their
specific needs. The software processes are integrated with the management
processes.

•

Level 4: Managed - When an organization reaches level 4, the processes have been
well established and measured. Metrics that have been gathered since level 1 are
analyzed to form the basis for setting of quantitative quality goals.

•

Level 5: Optimized - Level 5 is the top level of maturity and these organizations are
focussed on continuous improvement.

Within each of the maturity levels (except Level 1), Key Process Areas are specified as
shown in Figure 3-2 [Paulk 1993a].

30

O p t i m i z i n g (5)
Process Change Management
Technology Change Management
Defect Prevention
Continuously
Improving
Process

Managed (4)
Quality M a n a g e m e n t
Quantitative Process Management
Predictable
Process

D e f i n e d (3)
Peer Reviews
Intergroup C o o r d i n a t i o n
Software Product Engineering
Integrated Software

Mgmt

Training Program
Software P r o c e s s Definition

Standard

Software Process Focus

Consistent
Process

R e p e a t a b l e (2)
Software Configuration

Management

Software Quality A s s u r a n c e
Requirements Management
Software Subcontractor Control
Software Project Planning
Software Project Tracking & Oversight
Disciplined
Process

I

Initial (1)
Ad H o c & Unpredictable

Figure 3-2 SEI C M M Key Process Areas
Each of the 5 levels of the SEI C M M has a set of Key Process Areas.

31

Level 2 of the SEI C M M was the goal of the Software Process Improvement Projects
documented in the case study in Chapters 4 and 5. A summary of the Key Process Areas
for Level 2 is described in section 3.5. The details of Level 2 are in Appendix "A"

7

There are other competence models that have been developed based on the SEI C M M
[Hartman 2000]:
•

Project Management Maturity Model. This is an adaptation of the SEI C M M with
five levels to assess and improve the project management performance.

•

Capability Maturity Model/Project Management Maturity Model. This model is
specific to software projects bringing together SEI C M M and the Project
Management Institute's Project Management Book of Knowledge. (PMBOK).

•

Project Management Process Maturity Model. This is loosely based on the SEI C M M
and is the most comprehensive of the P M B O K based models [Hartman 2000].

3.5.

SEI C M M Level 2 - The Repeatable Level

The goal of achieving Level 2 is to establish basic project management planning and
tracking processes. This is accomplished through the six Key Processes Areas:
Requirements Management, Software Project Planning, Software Project Tracking and
Oversight, Software Sub-Contract Management, Software Quality Assurance, and
Software Configuration Management.
Requirements Management
The purpose of Requirements Management is to establish a requirement specification that
is agreed to by the client, the project team and other stakeholders. The requirement
specification will form the basis for the project plan. Once approved, the requirements
are placed under the control of Software Configuration Management.
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The goals of Requirements Management are stated as [Olson 1993]:
•

The software requirements are controlled to establish a baseline for software
engineering and management use

•

Software plans, products and activities are kept consistent with the system
requirements allocated to software.

Software Project Planning
The purpose of Software Project Planning is to establish realistic project plans. The goals
of Software Project Planning [Olson 1993] are:
•

Software estimates are documented for use in planning and tracking the software
project

•

Software project activities and commitments are planned and documented

•

Groups and individuals effected by the system, agree to their commitments related to
the software project.

Software Project Tracking and Oversight
The purpose of Software Project Tracking and Oversight is to provide management with
accurate information on the progress of the project and to identify deviations from the
plan as early as possible. The goals of this Key Process Area are [Olson 1993]:
•

Actual results and performances are tracked against the software plans

•

Corrective actions are taken and managed to closure when actual results and
performance deviate significantly from the software plans

•

Changes to software commitments are agreed to by the affected groups and
individuals

Software Sub-Contract Management
This Key Process Area combines the concerns of the five other Level 2 Key Process
Area's for the purpose of selecting and managing sub-contractors. There are four goals
[Olson 1993]:
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•

The prime contractor selects qualified software subcontractors

•

The prime contractor and the software subcontractor agree to their commitments to
each other.

•

The prime contractor and the software subcontractor maintain ongoing
communications

•

The prime contractor tracks the software subcontractor's actual results and
performance against its commitments

Software Quality Assurance
The purpose of Software Quality Assurance is to monitor the software processes used on
the project. This provides management with an objective view into the project. This Key
Process Area is in the support of four goals [Olson 1993]:
•

Software quality assurance activities are planned

•

Adherence of software products and activities to the applicable standards, procedures,
and requirements is verified objectively

•

Affected groups and individuals are informed of software quality assurance activities
and results

•

Non compliance issues that cannot be resolved within the software project are
addressed by senior management

Software Configuration Management
The purpose of Software Configuration Management is to maintain the integrity of the
system's configuration items throughout the entire lifecycle of the product. The goals are
[Olson 1993]:
•

Software configuration management activities are planned

•

Selected software work products are identified, controlled, and available

•

Changes to identified software work products are controlled

•

Affected groups and individuals are informed of the status and content of software
baselines
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3.6.

Using the SEI C M M for Process Improvement

01son[1993] presents a strategy for using the SEI C M M for Software Process
Improvement in his book "Software Process Framework for the SEI Capability Maturity
Model: Repeatable Level". In this book, Olson suggests that the SEI C M M can be used
in several ways for Software Process Improvement:
•

As the basis for software process assessments to determine an organization's process
maturity

•

As a strategy for improving organizational software processes, and

•

As a process requirements document (a tactical approach) for defining specific
software processes, and installing and institutionalizing key process areas of the
C M M into an organization.

The assumption of the Software Process Framework is that the SEI C M M has been
chosen as the strategic direction by the organization for the Software Process
Improvement Project. Once management has made the commitment, the suggested
approach is to form a Process Action Team. The Process Action Team's first activity is
to assess the current process maturity through an informal internal SEI C M M assessment.
From the assessment, the areas of non-compliance are identified. The C M M is then used
to design and implement the non-compliant or missing processes.

3.7.

Documented benefits of SEI C M M for Process Improvement Initiatives

In 1993, the Software Engineering Institute solicited 20 organizations to participate in the
first study of process improvement initiatives based on the SEI-CMM. The motivation
for this study was to provide industry with data to support the value of Software Process
Improvement. Of the twenty organizations, thirteen had sufficient metrics to support the
study. The thirteen participating organizations were:
•

Bull H N

•

GTE Government Systems

•

Hewlett Packard

•

Hughes Aircraft

•

Loral Federal Systems

•

Lockheed Sanders

•

Motorola

•

Northrop

•

Schlumberger

•

Siemens Stromberg-Carlson

•

Texas Instruments

•

United States Air Force Oklahoma City Air Logistics Center

•

United States Navy Fleet Combat Direction Systems Support Activity

The published results from this study are summarized in Table 3-2.
Table 3-2 Benefits of SEI C M M : Initial Results
Published benefits of using SEI C M M from a study
conducted by SEI [Herbsleb 1994]
Metric Category
Range
Median
Total yearly cost of process

$49,000- $1,202,000

$245,000

1-9

3.5

$490-$2004

$1375

Productivity gain per year

9%-67%

35%

Early detection gain per year

6%-25%

22%

Yearly reduction in time to market

15%-23%

19%

Yearly reduction in post-release

10%-94%

39%

4.0-8.8

5.0

improvement activities
Years engaged in process
improvement
Cost of process improvement per
software engineer

(defects discovered pre-test)

defect reports
Business value of investment in
process improvement(value
returned on each dollar invested)
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For the study, the business value was defined as the Return-On-Investment. The benefits
were the savings realized through the productivity and quality (for example reduced
defects) gains. The cost included the cost of the software process group, assessments and
training.

The report [Herbsleb 1994] provides some details on 5 of the 13 case studies that are
summarized below.
Bull HN
The data submitted to SEI came from the Phoenix site within Bull H N . The Phoenix site
is an Operating System development organization. The software process initiative that
produced the published result was the third process improvement initiative within ten
years for the Phoenix site.

The first initiative in 1982 established a standardized software development process
based on templates for requirements & design and a framework to review the life cycle.
In 1986 the second process improvement initiative was started by second level
management. This initiative produced reports on maintenance, new design methods and
specified coding standards. This initiative was pre-empted by an organization level
software process initiative that formed the basis for the results sent to SEI.

The organization's Software Process Improvement Project had two goals: to achieve
Level 2 of the SEI C M M and to achieve ISO 9001 certification. A Software Engineering
Process Group and a Technical Education Board were established to achieve the
initiative's goals.

The Phoenix site was originally assessed as a SEI Level 1 organization in September
1990. In April 1991, the Phoenix site implemented an inspection program. As part of
this program, all technical staff was trained in inspections and all designs and code was
required to be inspected. The other focus during this time was the implementation of a
set of architectural guidelines for software processes with supporting templates. In 1992
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the site was assessed again and this time it was shown to be operating at a level 3
maturity.

The results from the most current improvement activities are documented as:
•

Productivity. The productivity gains realized by the organization came completely
from the inspection process. There were savings of 1.2 million dollar annually from
inspections of requirements and design documents and 2.3 million dollars annual
savings from code inspections due to early detection of defects.

•

Schedule. Schedule benefits were hard to quantify. Trends showed that design
cycles increased and code/testing decreased.

•

Quality. There was a 7-10% reduction annually in defects reports by customers

•

Business Value. The business value was calculated based on the saving produced
from the inspections versus the cost of the software process group. This result was a
4:1 Return-On-Investment.

Hughs Aircraft
The Software Engineering Division at Hughs Aircraft provided the SEI with the
following details from their process improvement initiative. The Software Engineering
Division had established policies and practices prior to the SEI C M M Software Process
Improvement initiative. The organization had institutionalized technical processes as
well as project review processes. In 1985 a total quality management effort was
implemented and by 1987, the Software Engineering Division was assessed as a strong
SEI Level 2 organization.

In 1990 the Software Engineering Division was assessed as a strong SEI Level 3
organization exhibiting many of the Level 4 & 5 activities. The cost to move from a
Level 2 to Level 3 was 75 person-months of effort and $45,000 for the SEI-assisted
assessment. The benefits reported were:
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•

Productivity. The productivity gains were reported as the decrease in defects. Table
3-3 shows the % of total defects found by phase.

•

Schedule. Improvements in the schedule saw an initial dip then steadily improved.

•

Business Value. The cost of the Software Process Improvement initiative in the first
year was estimated at $400,000 plus $45,000 for the assessment. The benefits in the
first year were estimated at $2 million. This produced a 4.5: 1 Return-On-Investment

Table 3-3 Hughes Aircraft Productivity Gains
% of Defects Found by Phase
Coding

Unit Test

Integration Test

C M M Level 2

22

58

20

C M M Level 3

78

12

10

Schlumberger
Schlumberger adopted the SEI C M M as its process improvement framework in 1989.
The goal was to improve quality and productivity. Prior to this initiative there had been
many other process improvement initiatives. The previous initiatives focussed on
improving quality through conformance to requirements and to the organization's product
development procedures. These initiative were deemed successful in manufacturing but
it was felt that they had had limited impact on software development.

The benefits data submitted to SEI, and summarized below, comes from one of the 20
organization that were part of the 1989 process improvement initiative. It is important to
note that this organization was already ISO 9001 certified.
•

Productivity. The organization reported a 30% increase in productivity. Productivity
in this case was the effective lines of code per 1988 dollar. Interpretation is cautioned
[Herbsleb 1994], as the numbers did not take into account the amount of reuse being
practised.

39
•

Schedule. The organization reported significant improvements in the adherence to
schedule. This is represented by the Average Progress Rate that is the ratio of
planned completion date compared to current projected completion date. The closer
the Average Progress Rate is to 100%, the more schedules that are being met. In
1990, the organization reported a 55% Average Progress Rate compared to 90% in
1993.

•

Quality. The organization reported a decrease in defects from .21 defects per
thousand lines of code to . 14 defects per thousand lines of code from 1989 to 1992.

•

Business Value. During the 3.5-year time frame, the organization spent $170,000 on
process improvement initiative. The benefits were calculated as the productivity gain
multiplied by the 1988 budget of $2.5 million yielding a business value of 8.8:1

Texas Instruments
The case study from Texas Instruments is from their Computer Products and Services
group in Austin, Texas. In 1981, the Software Process Improvement/Software Quality
Assurance (SPI/SQA) group within Texas Instruments developed a recommended
software development methodology. Throughout the 1980's the methodology had been
used by many groups and was being continuously supported and improved by the
SPI/SQA group. In 1989, Texas Instruments established a corporate software process
group to communicate and leverage the Software Process Improvement products at an
organization level.

The case study reported to SEI compared two similar projects, Project B used the
Software Process Improvement products and Project A which didn't use a defined
methodology and operated in an ad hoc Level 1 behaviour.

•

Productivity. Project B reported a cost of $3.60 per lines of code compared to the
Project A cost of $10.20 per line of code. These savings were contributed to the
management of requirements. Project A required 2/3 of the modules to be re-worked
due to poor requirement management

4(1
•

Quality. Project A reported 6.9 defects per thousand lines of code compared to
Project B's 2.0 defects per thousand lines of code.

United States Air Force Oklahoma City Air Logistics Center
The case study presented was for the Test Software and Industrial Plant Equipment
Branches within the Oklahoma City Air Logistics Center (OC-ALC). In 1987, the OCA L C initiated the first Software Process Improvement initiative with the documenting of
its software processes. In 1988 the Process and Product Enhancement Team was
established to be the custodians of the organization's software process. This initiative
was deemed a failure due to lack of management support.

In 1989, O C - A L C established connections with the SEI. In 1990, the SEI assessed OCA L C as a Level 1 organization, which led to a process improvement initiative. In 1993
an alpha site was selected for assessment using the newly release SEI C M M version 1.1.
The results show the alpha site was representative of a Level 2 organization. The
following business value results were reported to SEI.

•

Business Value. O C - A L C invested $1,070,000 on process improvement after the first
SEI assessment. The reported benefits are $4,792,527 and are as a result of cost
avoidance from rework and duplication of functions. This is a 4.5:1 Return-OnInvestment.

3.8.

Shortcomings of Current Benefit Measurement of SEI C M M Initiatives

The empirical result published by SEI on the usage of the C M M for Software Process
Improvement show significant financial return. The benefits report [Herbslan 1994]
notes this in the following caveats, which are described for future research:
•

There may he masked tradeoffs in the data presented. It is generally possible to
improve one measure, e.g. productivity by sacrificing another e.g. quality. So we
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are unable to determine the extent to which gains in one measure, reported to us,
were offset by declines in others, which were not reported.
•

All of the organizations are doing things other that CMM based Software Process
Improvements. Although we asked for data indicative of the results of Software
Process Improvement, it is probable that other factors contributed to the
improvements

•

We do not know if these results are representative of all organizations engaged in
CMM Software Process Improvement. The participating organizations all had
good previous Software Process Improvement experience, and the data comes
from divisions and projects that have succeeded in their current effort. We do not
know if these experiences are typical. We think the best way of interpreting these
results is to view them as indicators of what is possible, given a supportive
environment.

3.9.

Summary

The Software Engineering Institute's Capability Maturity Model provides an organization
with a means to measure the current process maturity and a framework for progressive
improvement. The SEI C M M defines 5 levels of process evolution, each with a set of
Key Process Areas. Within each Key Process Area, is a set of five Common Features:
Commitment to Perform, Ability to Perform, Activities Performed, Measurement and
Analysis, and Verifying Implementation. Within each Common Feature is a set of
activities and infrastructure requirements called key practices. Implementation of the key
practices contributes to the goal of the Level.

Level 2 of SEI C M M is defined as the Repeatable Level. The focus is on establishment
of management planning and tracking processes at the project level. Process discipline is
started which enables the organization to repeat successes. The six Key Process Areas of
Level 2 are Software Configuration Management, Software Quality Assurance,

42

Requirements Management, Software Subcontractor Control, Software Project Planning
and Software Project Tracking & Oversight.

In 1993, SEI solicited organizations to participate in a study to produce empirical data to
support the benefits of the C M M . The study indicted significant financial benefits from
13 organizations. The benefits report described three caveats on the study:
1. There was no indication from the study, if the improvement in the measures reported
caused adverse affects in other measures. This indicates that the entire impact of the
Software Process Improvement may not have been fully understood or documented.
2. The organizations involved in the study already had established Software Process
Improvement initiatives so the benefits may not be attributable to the SEI C M M
initiative alone. The impact that an organization would see with their first Software
Process Improvement initiative may not be reflective of the results shown in the
study.
3.

The data came from organizations that succeeded in Software Process Improvement
and may not represent typical results.

In addition to these caveats, the financial measures alone do not represent the potential
benefits for an initiative. Robert S. Kaplan & David P. Norton recognized the need for a
more comprehensive performance model when designing the Balanced Scorecard.
Kaplan[1996] notes that "Ideally companies should specify how improvements in quality,
cycle time, quoted lead times, delivery, and new product introduction will lead to high
market shares, operating margins".

The limitations of the SEI C M M Empirical results cited by Herbslan supports Kaplan's
recognition that a more balanced set of measures are required to define the business value
of Information Technology Software Process Improvement.

In Chapter 4, the researcher will describe the work that led to the creation of a Balanced
Scorecard Business Case for management approval of a Software Process Improvement
Project.
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CHAPTER 4.

DEVELOPING THE BALANCED SCORECARD
BUSINESS CASE

4.0.

Introduction

The objective of the chapter is to provide a detailed description of how the researcher
developed the Balanced Scorecard Business Case for the Software Process Improvement
initiative.

2

The chapter starts with a brief description of the environment at X X X Corporation. The
researcher defines the motivation for the Software Process Improvement and provides an
3

overview of the approach, which followed the Ideal Model™ . The Ideal Model™ is a
five-phase framework, of an ordered set of activities necessary to establish continuous
improvement of software processes.

The researcher provides details on the development of the Business Case that was used to
gain management approval for the Software Process Improvement Project. The chapter
concludes with the SEI C M M assessment results and the researcher's motivation for
additional analysis of the Business Case.

4.1.

Research Approach

The research in this thesis is based on a case study performed in an industry setting. The
findings from the case study are based on the SEI assessment and the researcher's
observations. An understanding of Case Study methods is important to put the
conclusions of this thesis in context.

2

For confidentiality purposes the organization can not be identified and will be referred to as the X X X

Corporation
3

I D E A L is a Trademark of the Software Engineering Institute.
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Case study research falls into two general categories: cross-sectional and longitudinal
Gummerson [1991]. Cross-sectional case study research includes examining a number of
case studies during a specific time period. Longitudinal research examines one or more
case studies through the course of time.

This thesis is based on a single longitudinal case study where the researcher was the
project leader and process architect. Gummerson[1991] describes this participant
approach as "Action Research" and Neumann[1997] describes this approach as "Field
Research". The advantage of the participant approach is that it provides the researcher
with substantially improved access to the learnings [Gummerson 1991]. The limitations
include the possible bias of the author through the subjective data.

Ideally in a longitudinal case study the researcher would have started with the research
objectives and chosen or set up the case study to support the objectives. However in this
thesis, the researcher started with a case study and was motivated to analyse it to
overcome these limitations in future research. The limitations of the research approach
and possible future work are identified in Chapter 6.

4.2.

Industry Setting of the Case Study

The X X X Corporation was a large natural gas transmission company with approximately
3000 employees at the time of the research. The X X X Corporation had an internal,
centralized Information Technology department with 400+ practitioners supporting the
various business units. Of these practitioners, approximately 120 were identified as
working in software development. The other 280+ practitioners were involved in
infrastructure, system support and maintenance.

The organization was in the midst of de-regulation and identified the need for Business
Process Re-engineering. At the completion of the Business Process Re-engineering

45
initiative, the X X X Corporation restructured and established a corporate Balanced
Scorecard for performance management.

4.3.

Motivation for Software Process Improvement Project

Each department within the X X X Corporation had its own tactical Balanced Scorecard
that supported the organization's strategic Balanced Scorecard. Each department's
Balanced Scorecard had the same four perspectives as the organization but the goals and
measures were specific to the business domain. The organization's Balanced Scorecard
had an overall goal of process improvement within the Internal Business perspective.
This process improvement goal was reflected in the Information Technology
department's Balanced Scorecard - Internal Business Perspective.

The Business Process Re-engineering (BPR) initiative resulted in a major restructuring of
the Information Technology department. Prior to the BPR, the Information Technology
practitioners were centralized in three departments. The new organization, defined by the
BPR, was focussed on the products and services that Information Technology supported.
The organization re-structuring resulted in Information Technology practitioners being
distributed into 17 departments aligned with the business. The Information Technology
organization did not have any established standards prior to the BPR so the 17
departments were left with no repeatable processes to assist with project delivery or
system support. The lack of repeatable consistent processes plagued the Information
Technology organization with projects cost and schedule over-runs and poor customer
satisfaction.

The re-organization problems, along with the process improvement goal on the Balanced
Scorecard led to the establishment of a focus group to initiate a Software Process
Improvement Project. The researcher led the focus group and the first objective was to
determine the goals and measurements necessary for the Internal Business Perspective on
the Balanced Scorecard. The focus group decided on SEI C M M Level 2 as the goal and
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means of measurement for the process improvement. With the goal set, the researcher
resourced the project team and initiated the Software Process Improvement Project.

4.4.

Overview of the Software Process Improvement Project
SM

The researcher chose the Ideal model as the framework for the Software Process
SM

Improvement Project. The Ideal model is a five-phase framework for continuous
improvement of software processes shown in Figure 4-1 below.

SM

As per the Ideal model, the researcher developed a five-phase project plan for the
X X X ' s Software Process Improvement Project:

1. Phase 1 - Project Initiation. The focus in the Project Initiation phase of X X X ' s
Software Process Improvement Project was on the set-up of the infrastructure
required for the project. The first task was the development of the Business Case to
gain management approval to proceed. Details of the Project Initiation Phase and the
development of the Business Case are described in Section 4.6.
2. Phase 2 - Diagnosing. The purpose of the Diagnosis Phase was to get a baseline of
the "As-Is" situation of the current system delivery environment. This baseline was
established by identifying a Pilot Project and hiring an external organization to
perform an SEI assessment. The details of the SEI Assessment performed in the
Diagnosing Phase are described in Section 4.7.
3. Phase 3 - Establishing. Based on the SEI assessment the plans for the Software
Process Improvement Project were detailed. The Establishing Phase is described in
Section 4.8.
4.

Phase 4 - Acting. During this phase the process improvement plans were put into
action and the Level 2 Key Processes were established on the Pilot Project. The
Acting Phase is described in Section 4.9.

4^
5. Phase 5 - Leveraging. The focus of the Leveraging Phase was to assess the progress
of the process improvement and plan for organizational rollout. The details of the
Leveraging Phase and the SEI C M M final assessment are detailed in Section 4.10.

Figure 4-1 Ideal™ Model
The Ideal™ model from SEI provides afive-phaseapproach for continuous Software
Process Improvement, starting with initiating and continuously improving through
diagnosising, establishing, acting and leveraging.

4.5.

Software Process Improvement Project Timeline

Project Initiation started in April 1996, with the appointment of the researcher to lead a
focus group for the Software Process Improvement. By June of 1996 the Business Case
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was approved and the project was given funds to proceed. A Pilot Project was selected
and the external SEI Assessment was completed in August 1996. The establishment of
the SEI C M M Level 2 Key Process Areas on the Pilot Project continued through July of
1997.

In July 1997, the external assessors performed another SEI C M M Level 2 assessment on
the same Pilot Project. Based on their findings, the assessors concluded that the Pilot
Project was representative of a Level 2 organization and was exhibiting some Level 3
capability. The timeline for the project is summarized in Figure 4-2 below.
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Figure 4-2 XXX Corporation's Software Process Improvement Project Timeline
The Software Process Improvement Project followed the Ideal Model ™ for
continuous process improvement. The project phases were Initiate, Diagnose,
Establish, Act and Leverage. The Software Process Improvement Project started in
April 1996 and completed in July of 1997.
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4.6.

Phase 1 - Project Initiation and Developing the Business Case

One of the first activities for the researcher in the Project Initiation Phase was to develop
a Business Case to define the business value for the Software Process Improvement
Project. This was a major challenge for the researcher, as the X X X Corporation did not
have any metrics to estimate the Return-On-Investment. The researcher turned to
Herbsleb's [1994] published results shown in Section 3.7 of this thesis. X X X ' s
management team did not accept Herbsleb's results as typical for what could be realized
in the X X X Corporation. Two of the caveats in the study [Herbsleb 1994] stated the
most critical shortcomings that concerned X X X ' s management team:

•

All of the organizations are doing things other that CMM based Software Process
Improvements. Although we asked for data indicative of the results of Software
Process Improvement, it is probable that other factors also contributed to the
improvements.

•

We do not know if these results are representative of all organizations engaged in
CMM SPI. The participating organizations all had good SPI experience, and the
data comes from divisions and projects that have succeeded in their current effort.
We do not know if these experiences are typical. We think the best way of
interpreting these results is to view them as indicators of what is possible, given a
supportive environment.

The researcher could not quantify the financial benefits, however X X X ' s management
still needed a Business Case for the Software Process Improvement Project to support the
benefits of the investment. The researcher turned to X X X ' s Balanced Scorecard and the
goals of SEI C M M Level 2 to provide management with an indication of the business
value that could be realized through the Software Process Improvement Project.

First, the researcher reviewed the goals of each of the Key Process Areas for Level 2 of
SEI C M M as defined by Paulk[ 1993a] and summarized in
Table 4-1.
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Table 4-1 Goals of the SEI C M M Level 2 Key Process Areas.
The goals as defined by SEI [Paulk 1993a] of establishing each of the SEI C M M
Level 2 Key Process Areas.
SEI C M M Level 2
Goal of the Key Process Area
Key Process Area
Requirements

The goal of establishing Requirements Management is to

Management

establish a common understanding between the customer
and the software delivery project of the customer's
requirements.

Software Project

The goal of establishing Software Project Planning is to

Planning

define reasonable plans for performing the software
delivery project and for managing the project

Software Project

The goal of Software Project Tracking and Oversight is to

Tracking and

establish adequate visibility into the actual progress so that

Oversight

management can take effective actions when software
project performance deviates significantly from the baseline
software plan.

Software Quality

The goal of Software Quality Assurance is to provide

Assurance

management with visibility into the process being used by
the software project and of the products being built.

Software

The goal of Software Configuration Management is to

Configuration

establish and maintain the integrity of the products of the

Management

software project through the project's life cycle.
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The researcher used the SEI C M M Key Process Area goals as the starting point for the
Business Case for the Software Process Improvement Project. The researcher used the
premise that if X X X ' s Software Process Improvement Project successfully implemented
each of the SEI C M M Level 2 Key Processes Areas on the Pilot Project that the goals for
the Key Process Area would be realized. For example, if Requirement Management as
prescribed by SEI were implemented on the Pilot Project, they would have established a
common understanding between the customer and the Pilot Project. By establishing this
common understanding of the Pilot Project's requirements, there would be improved
software quality, and improved customer satisfaction. The researcher described the
business benefits of achieving SEI C M M Level 2 in terms of the X X X Balanced
Scorecard.

The X X X Balanced Scorecard is proprietary and could not be documented in this
research paper. For the purpose of the thesis a generic Balanced Scorecard will be used
to illustrate how the researcher developed the Business Case for the Software Process
Improvement. The generic Balanced Scorecard is shown in Figure 4-3 below.

Figure 4-3 XXX Corporations' Balanced Scorecard
The Balanced Scorecard shows the organization's four perspectives and the goals
within each of the perspective.
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The researcher developed the Business Case shown in Figure 4-4 by placing the goals of
SEI C M M Level 2 on the left side of a diagram and X X X s Balanced Scorecard goals on
the right.

The Business Case for X X X ' s Software Process Improvement Project showed X X X
management team how the establishment of SEI C M M Level 2 Key Process Areas could
support the corporate Balanced Scorecard. The management team supported the
Business Case and the X X X Software Process Improvement Project was approved to
proceed.

Once the Business Case was approved, the following tasks were completed to set-up the
infrastructure for the Software Process Improvement Project:
•

The Project Team was established. According to McFeeley [ 1996] the Software
Engineering Process Group requires a staff level equal to 3% of the practitioners. SEI
does not substantiate the basis behind the 3%, however it was used as the basis for
estimating that X X X ' s Project team would require four full time resources in addition
to the researcher.

•

The Steering Committee for the project was identified as the Managers from each of
the Information Technology departments that had software delivery projects. The
researcher held bi-weekly Steering Committee meetings to review the status of the
initiative and discuss any issues and risk that could impact the success of the project.

•

A n Organization Change Manager worked with the researcher and the Steering
Committee to ensure the success of the initiative. The responsibility of the
Organization Change Manager was communications, training and preparing the
organization for the culture change.

•

The researcher selected a Pilot Project. The Software Process Improvement Project
required a system delivery project to be used as the pilot for the process
improvement. The Pilot Project selected was in the initiation phase of the 2-year
schedule. The Pilot Project was developing a new Gas Measurement system and was
of typical size and complexity for the organization. The Pilot Project's Project
Manager agreed that the new processes would be implemented on the project.
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Figure 4-4 Business Case for XXX's Software Process Improvement Project
The researcher developed a quantitative Business Case by showing how the
establishment of the Level 2 Key Process Areas would result in the achievement of
the SEI C M M goals which would support XXX's corporate goals in the Balanced
Scorecard.
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4.7.

Phase 2 - Diagnosing the Current Process Maturity of the Organization

The purpose of Phase 2 - Diagnosis was to understand the "As-Is" system delivery
process maturity for X X X . This baseline was accomplished by having an external
organization perform a SEI assessment on the Pilot Project. The SEI assessment was a
project itself, which had four phases: Pre-Assessment Planning, Assessment Preparation,
Assessment and Feedback of Findings.

In the Pre-Assessment Planning phase, the researcher met with the external assessors to
specify the objectives of the assessment and plan the assessment details. The objectives
of the assessment, was to determine the compliance of the Pilot Project with SEI C M M
Level 2 key process areas and to use the assessment as the basis for the Software Process
Improvement plans. The researcher provided the external assessors with a list of team
members from the Pilot Project to be interviewed. The team members to be interviewed
included the Pilot Project's Project Manager, Configuration Manager, Business Client,
System Architect, Test Lead and some Developers

In the Assessment Preparation phase, the researcher held a briefing meeting with the
Pilot Project team members that were to be interviewed. The intent of the meeting was to
outline the assessment process and the schedule. Each interviewee was given an
assessment checklist for preparation. After the meeting, the interviewees completed the
checklist and returned them directly to the external assessor. This provided the
interviewees with an understanding of the scope of the assessment and allowed them to
compile supporting documentation for the assessment. The external assessors used the
completed checklist to get a high level understanding of the areas of strength and
concerns.

The Assessment interviews started with the Project Manager who provided the external
assessors with the project profile and details of the planning and controls. Each of the
Pilot Project team members was interviewed separately for confidentially. After the
completion of the interviews, the external assessors analyzed the findings and prepared
the final report.
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In the Finding phase, the assessors reviewed the findings with the Pilot Project team
members for validation. The validated report was then presented to the Steering
Committee. The results of the assessment are summarized in Figure 4-5. The graph
shows the compliance of the Pilot Project to each of the SEI C M M Level 2 Key Process
Areas.

The external assessors determined the compliance of the project based on the Common
Features within each of the SEI C M M Level 2 Key Process Areas as follows:
•

A rating of 1.0 was given for each of the Common Features where the Pilot Project
was fully compliant,

•

A rating of 0.5 was given for each of the Common Features where the Pilot Project
was partially compliant,

•

A rating of 0.0 was given for each of the Common Features where the Pilot Project
did not comply.

Each of the Common Features was given a maximum rating of 1.0 so there was no
weighting. For each Key Process Area, the sum of the Common Features ratings was
divided by the total number of Common Features in the Key Process Area. This
produced the Percentage Compliance for the Key Process Area. For example, there are
12 Common Features in Requirements Management and the Pilot Project was compliant
in two, which resulted in 17% compliance.
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Figure 4-5 Initial SEI Assessment Results on the Pilot Project
The Pilot Project initial compliance to each of the Key Process Areas of SEI C M M
Level 2. The compliance was determined through a formal SEI C M M Assessment.

4.8.

Phase 3 - Establishing the Software Processes Improvement Plans

The purpose of the Establishing Phase was to define the tactical plans for the Software
Process Improvement Project. From the SEI C M M assessment, the researcher identified
the priorities for the Key Process Areas. Within each Key Process Area, implementation
plans were developed to address the deficiencies identified by the assessment. As the
plans were being developed, the Pilot Project team indicated a requirement for Product
Engineering and Peer Reviews. Product Engineering and Peer Reviews are Level 3 Key
Process Areas, but were included in scope upon the recommendation of the Pilot Project
team members. Resources to execute the plans were identified and assigned to the
project.

The Organizational Change Manager continued with the analysis of the change impacts
that would result from the process changes and developed the communication and
training requirements.
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4.9.

Phase 4 - Acting on the Software Process Improvement Plans

In this phase, the SEI C M M Level 2 processes were established on the Pilot Project. This
included the assignment of a Quality Assurance Representative and implementation of
Software Quality Assurance, Software Project Planning, Software Project Monitoring,
Software Configuration Management, Requirement Management, Software Product
Engineering and Peer Reviews. These practices were defined based on the organization's
existing best practices and of the LEEE Standards Collection: Software Engineering
[IEEE 1997].

The practitioners on the Pilot Project were provided just in time training and coaching on
each of the processes.

4.10.

Phase 5 - Leveraging the Success of the Process Improvement Project

The Leveraging phase was the final phase of X X X ' s Software Process Improvement
Project. In this phase, another external SEI C M M assessment was performed on the Pilot
Project. The Pilot Project was using an incremental approach to delivery so the assessors
could evaluate the establishment of each of the Key Process Areas. If the project had
adopted the waterfall approach, the re-assessment would not have been able to assess the
maturity of the processes.

The assessment process was the same process as was used in Phase 2 - Diagnosing Phase
and was performed by the same external company. The assessment results in Figure 4-6
show the process improvement realized on the Pilot Project for each of the SEI C M M
Level 2 Key Process Areas. For example: before the Software Process Improvement
Project (August 1996), the Pilot Project was compliant with only 15% of the SEI C M M
Configuration Management Common Features. Through implementation of
configuration management practices, the Pilot Project had increased their capabilities to
78% compliance by July 1997. Similar improvements were realized in all of the SEI
C M M Level 2 Key Process Areas. Details of the assessments and the results are
documented in Appendix B .
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Figure 4-6 SEI C M M Level 2 Assessment Results
The Pilot Project compliance to SEI C M M Level 2 Key Process Areas on August
1996 prior to process improvement initiative and on July 1997 after process
improvement initiative.

4.11.

Summary

The goal of X X X ' s Software Process Improvement Project was to move the Information
Technology organization from Level 1 to Level 2 of the SEI C M M . The first challenge
for the researcher was to build a Business Case for Software Process Improvement
without supporting financial metrics. The researcher's approach was to develop a
qualitative Business Case using X X X ' s Balanced Scorecard linked to the goals of the SEI
C M M Level 2 Key Process Areas. The Balanced Scorecard Business Case provided
management with an understanding of the business value and the project was approved.

With approval from management to proceed, the researcher used the Ideal Model™ from
SEI as the framework for the Software Process Improvement Project.
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The researcher selected a typical software delivery project within the X X X Corporation
to use as the Pilot Project for the Software Process Improvement. An independent
company was contracted to perform an SEI C M M assessments on the Pilot Project to
determine the current level of process maturity within the X X X Corporation. This initial
SEI assessment was performed in August of 1996 prior to any process improvement. The
assessment indicated that good project planning processes were being used, but the plans
produced were not being used for tracking and monitoring. The assessment also
indicated that the Requirements Management, Configuration Management and Quality
Assurance were poor to non-existent.

The SEI Assessment drove the tactical plans for the Software Process Improvement
Project. A team led by the researcher assisted the Pilot Project in the establishment of the
Level 2 Key Processes.

In July of 1997, the same external assessors were brought in to perform another SEI
C M M assessment. The SEI assessors indicated in their report that the process
improvement had been successful and that the Pilot Project was representative of a SEI
Level 2 project, and in addition were exhibiting some Level 3 capabilities.

In Chapter 5 the researcher will show that the Balanced Scorecard Business Case
provides industry with a method to define the business value of Information Technology
investments when metrics are not available for a traditional Retum-On-Investment
calculation.
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CHAPTER 5.

EVALUATING BUSINESS VALUE USING A
QUALITATIVE ANALYSIS APPROACH

5.0.

Introduction

In this chapter, the researcher will analyze the Balanced Scorecard Business Case to
provide a more detailed evaluation of the business value that was realized in the Software
Process Improvement case study. The analysis also provides a method to identify the
areas of interest on the Balanced Scorecard in which to focus the metrics for benefits
realization.

5.1.

Why Not Just Use the Return-On-Investment to Determine Business Value

Bill Curtis [1995] states that the SEI C M M published cost-benefits may not be typical of
what other organizations may realized. In addition, immature organizations rarely have
the data to support a cost-benefit analysis. From an Information Week survey Violini
[1997] states that more than 25% of Information Technology organizations can't
determine the Return-On-Investment and almost 25% reported no reliable metrics are
available within their organizations. The numbers suggested by Violini, indicate that
there is a need for organizations to understand the business value of Software Process
Improvement through means other than through the metrics associated with the ReturnOn-Investment calculation.

The X X X Corporation was typical of an organization at SEI C M M Level 1 and did not
have the metrics in place to determine a Return-On-Investment nor did they have the
baseline metrics to measure whether any benefits had been be realized. Part of the
process of moving to SEI C M M Level 2 is to establish basic metrics, but in the formal
SEI C M M process, it is not until Level 4 that a quantitative measurement program is
established.
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In the absence of metrics, the researcher of this thesis will qualitatively analyze the
Business Case presented in Chapter 4. The objective of this analysis is to verify that the
Balanced Scorecard Business Case is a valid means of evaluating the business value of
Software Process Improvement.

5.2.

Analyzing the Balanced Scorecard Business Case

X X X Corporation's Information Technology management team approved the Software
Process Improvement Initiative based the Balanced Scorecard Business Case shown in
Figure 4-4. The Business Case was a success as was the Software Process Improvement
Project. In reviewing the Case Study for this thesis, the researcher realized that the
success of the Business Case was based on Management's trust and respect for the
researcher.

As a consultant, the researcher recognized that other organizations could need analysis
that is more detailed before approving investments. This need was the main motivation
for the researcher to do additional analysis of the Business Case.

The researcher built the Balanced Scorecard Business Case from the goals of the SEI
C M M Level 2 Key Process Areas and the X X X Corporation's Balanced Scorecard. The
researcher linked the SEI C M M Key Process Area's goals to the goals in the four
perspectives of X X X Corporation's Balanced Scorecard.

X X X Corporation's Information Technology management was satisfied that the goals of
SEI C M M would support the goals of the organization. However, in order to support the
objectives of this thesis, the researcher will analyze in more detail, the Balanced
Scorecard Business Case to show how the Business Case provides industry with a
method of defining business values and identifying the areas of interest for benefit
realization metrics. The researcher will analyze the Balanced Scorecard Business Case as
follows:
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•

The SEI C M M ' s Activities and Abilities (Common Features) from each of the Level
2 Key Process Areas will be added to the Balanced Scorecard Business Case analysis
models. Adding the SEI C M M Level 2 Key Process Areas Activities and Abilities
will provide further clarification on the business value that can be theoretically
realized by a SEI C M M Level 2 organization. These Balanced Scorecard Business
Case analysis models detailed with SEI C M M Level 2 Activities and Abilities are
shown in Section 5.3.

•

The researcher will then add the SEI C M M assessment results from the external
assessor's findings of the Pilot Project in X X X Corporation. This will indicate the
business value realized in the case study. The Balanced Scorecard Business Cases
analysis models based on the Pilot Project's actual results are shown in Section 5.4.

5.3.

Analysis using the Key Process Area Common Features

To analyze the Balanced Scorecard Business Case, the researcher replaced the SEI C M M
Level 2 goals with the details of a SEI C M M Level 2 theoretical implementation. The
analysis is shown through a Balanced Scorecard Business Case analysis models for each
of the SEI C M M Level 2 Key Process Areas.

For each of the Balanced Scorecard Business Case analysis models, the X X X
Corporation's goals from the Balanced Scorecard are shown on the right hand side. The
SEI C M M Key Process Area is shown on the left. Each of the SEI C M M Activities for
the Key Process Area is shown in a rectangle and prefixed with an ACn (where A C
indicates a SEI C M M Activity and n is SEI C M M Activity index). The Key Process
Area's Abilities are shown as results of the activities and are graphically represented by
ellipses and prefixed with ABn (where A B indicates a SEI C M M Ability and n is SEI
C M M Ability index). The researcher added the linkages between the actions and results.
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Table 5-1 provides the abbreviations that will be used in the detailed Balanced Scorecard
Business Case analysis models in Section 5.3 and 5.4. Figure 5-2 shows the graphical
representation of the activities and abilities that are used in the Balanced Scorecards
Business Cases analysis models.

The set of Balanced Scorecard Business Case analysis models detailed with the SEI
C M M Key Process Area's Abilities and Activities are shown in Figure 5-2 to Figure 5-6.

Table 5-1 Abbreviations used in the Balanced Scorecard Business Case
Analysis Models

ABn

SEI C M M Common Feature - Ability (where n is the specific SEI index
number for the Ability. See Appendix A for an ordered listing of the SEI
Abilities)

ACn

SEI C M M Common Feature - Activity (where n is the specific SEI index
number for the Activity. See Appendix A for an ordered listing of the SEI
Activities)

RM

Requirement Management (SEI C M M Level 2 Key Process Area)

SPP

Software Project Planning (SEI C M M Level 2 Key Process Area)

PTO

Software Project Tracking and Oversight (SEI C M M Level 2 Key Process
Area)

SQA

Software Quality Assurance (SEI C M M Level 2 Key Process Area)

SCM

Software Configuration Management (SEI C M M Level 2 Key Process Area)
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Figure 5-1 Legend for the Balanced Scorecard Business Case Analysis Models
Symbols used to represent the SEI C M M Level 2 Activities and the resulting
Abilities.
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Figure 5-2 Business Case Analysis Model for SEI C M M Requirements Management
The Balanced Scorecard on the right side indicates the business value that could be achieved by establishing SEI C M M Requirement Management Activities and resulting Abilities.
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Figure 5-3 Business Case Analysis Model for SEI C M M Software Project Planning
The Balanced Scorecard on the right side indicates the business value that could be achieved by establishing SEI C M M Software Project Planning Activities and resulting Abilities.

Balanced

67

(AC 11) A c t u a l

Learning

M e a s u r e m ent Data

P

And Replanning
For Software

& G rowth

erspective

Data

Project

R e co rde d .
( A C 1 3 ) F o r m a l R e v i e w s To

i i

Address

Accomplishments

A n d Results Of Project
Conducted At Selected
P r o j e c t M ilestones
To

Documented

(AC12)SE
Periodic

According
Procedure.

GroupConducts

Internal R e v i e w s T o

Track Technical Progress,
Plans, Performance, A n d
Issues Against The Plan.
(AC4)

Approved

Changes
Establish

Project

To

C o m m itm e n t s

M onitoring A n d

That

Affect T h e Project
( A C 5} T h e S i z e O f

O versight

Work

Software

Communicated

P r o d u c t s (or S i z e O f

The Changes )
Against

To

Team .

Tracked

Plans

(A C 6) P r o j e c t ' s S o f t w a r e
And Costs Tracked

Effort

Against

P lans
( A C 2 ) T h e Project's
Software
Plan
( A C 7) T h e P r o j e c t ' s
Computer

Internal

Perspective

Development
Revised

According To

Critical

Documented

Resources Tracked.

P ro c e d u r e .

( A C 8 ) Project's
Schedule

(AC9) Software

Software

Tracked

Engineering

T e c h n i c a l Activities

Tracked

( A C 1 0) S o f t w a r e

Risks

A s s o c i a t e d With

Cost,

Financial
( A C 3)

Resource, Schedule, And
Technical Aspects Of Project
Tracked

Commitments
Made

External

To T h e Organization
Mgmt

(AC1> Development

And Changes

To Groups

Reviewed

ForTracking

Perspective

Project

Plan

Software

Used

With

Senior

According To

Documented

Procedure.

Activities

A n d C o m m unicating

X X X
SEI

C M M Level 2 - Software

Project

Tracking

A n d Oversight

-A ctivities

( A C ) A n d A bilities

(A B )

Corporation's

Balanced

Scorecard

Figure 5-4 Business Case Analysis Model for SEI C M M Software Project Tracking
The Balanced Scorecard on the right side indicates the business value that could be achieved by establishing SEI C M M Software Project Tracking and Oversight Activities and resulting Abilities
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Figure 5-5 Business Case Analysis Model for SEI C M M Configuration Management
The Balanced Scorecard on the right side indicates the business value that could be achieved by establishing SEI C M M Software Configuration Management Activities and resulting Abilities
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5.4.

Analysis using the Results from the SEI C M M Assessment.

The Balanced Scorecard Business Case analysis models in Section 5.3 are based on the
Activities and Abilities prescribed by SEI for Level 2 of the SEI C M M . The researcher
developed these analysis models based on the theoretical business value of Software
Process Improvement using SEI C M M . To analyze the actual benefits realized by X X X
Corporation, the researcher prepared a set of Balanced Scorecard Business Case analysis
models based on the actual implementation of SEI C M M Level 2 Key Processes of the
Pilot Project.

To analyze the Pilot Project's actual results, a Balanced Scorecard Business Case analysis
model is developed for each of the Key Process Areas. X X X Corporation's
organizational goals from the Balanced Scorecard are placed on the right hand side. The
SEI C M M Key Process Area is placed on the left. The series of activities and abilities
are displayed to analyze the linkage of process improvement to the Balanced Scorecard.

The analysis started with the SEI assessment team's compliance results of the SEI C M M
Common Features within the Key Process Area. These detailed results are documented
in Appendix B. The researcher modelled the Common Features Activities and Abilities
using the symbols in Figure 5-7 below. In addition to the SEI C M M Common Features
implemented, the researcher has added other activities and abilities observed on the Pilot
Project. If a Common Feature had partial compliance according to the SEI C M M
assessment the Activity / Ability is graphically displayed by cross-hatching of the oval or
rectangle.

The set of Balanced Scorecard Business Cases detailed with the Pilot Project SEI
assessment results are shown in Figure 5-8 to Figure 5-12.

Figure 5-7 Legend for the Analysis Models
Symbols used to represent the process improvement activities and the resulting
abilities.
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Figure 5-8 Business Value of SEI C M M Requirement Management
The Balanced Scorecard on the right side indicates the business value that was observed on the Pilot Project as a result of XXX Corporation's Software Process Improvement Project.
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Figure 5-9 Business Value of SEI C M M Software Project Planning
The Balanced Scorecard on the right side indicates the business value that was observed on the Pilot Project as a result of XXX Corporation's Software Process Improvement Project
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Figure 5-10 Business Value of SEI C M M Software Project Tracking and Oversight
The Balanced Scorecard on the right side indicates the business value that was observed on the Pilot Project as a result of XXX Corporation's Software Process Improvement Project
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Figure 5-11 Business Value of SEI C M M Software Configuration Management
The Balanced Scorecard on the right side indicates the business value that was observed on the Pilot Project as a result of XXX Corporation's Software Process Improvement Project.
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Figure 5-12 Business Value of SEI C M M Software Quality Assurance
The Balanced Scorecard on the right side indicates the business value that was observed on the Pilot Project as a result of XXX Corporation's Software Process Improvement Project.
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5.5.

How do the Balanced Scorecard Analysis Models Support the Business Case

The Balanced Scorecard Business Case, shown in Figure 4-4 linked the goals of SEI
C M M Level 2 Key Process Areas to the goals of X X X Corporation's Balanced
Scorecard. The linkages between the SEI goals and the Balanced Scorecard goals were
based on the researcher's knowledge of the organization and experience in software
delivery.

For this thesis, the researcher analyzed the Balanced Scorecard Business Case by
replacing the goals of SEI with the prescribed Abilities and Activities for each Key
Process Area. The results of this analysis are shown Figure 5-2 through Figure 5-6
above. The Balanced Scorecard analysis models strengthen the researchers original
Business Case by showing the linkage between Software Process Improvement and the
goals of X X X Corporation.

The researcher further analyzed the Business Case by using the actual SEI C M M
assessment results to show the business value realized on the Pilot Project at X X X
Corporation. The results of the Pilot Project are shown in Figure 5-8 through
Figure 5-12.

The following is a detailed discussion of each of the Balanced Scorecard analysis models
by Key Process Area.

Requirements Management
In the Balanced Scorecard Business Case, the researcher suggested that the establishment
of Requirements Management would add value by supporting the corporate goals of
Improving Customer Satisfaction and Improving Quality. When the Common Features
of SEI were added to the Balanced Scorecard analysis model (Figure 5-2), the researcher
also saw a potential contribution to Reducing Project Schedule Over-Runs. When the
actual results from the SEI assessment of the Pilot Project were analyzed (Figure 5-8), the
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researcher found a much broader spectrum of contribution made which included:
Employee Productivity, Improved Employee Satisfaction, Improved Customer
Satisfaction, Improved Quality, Reduced Project Schedule Over-Runs, Reduced Project
Cost Over-Runs and Cost Reduction.

The Balanced Scorecard Business Case analysis model for the Pilot Project shows the
importance of Requirements Management and the direct contributions that were made to
all four Perspectives of the Balanced Scorecard. Establishing a common understanding
of the project deliverables, between the client and the project team resulted in improved:
Employee Productivity, Employee Satisfaction, Customer Satisfaction, Quality and
Reduced Project Over-runs and Cost.

Software Project Planning
In the Balanced Scorecard Business Case, the researcher suggested that the establishment
of Software Project Planning would add value by supporting the corporate goals of
Reducing Project Schedule Over-Runs, Reducing Project Cost Over-Runs and Improving
Employee Satisfaction. When the Common Features of SEI were added to the Balanced
Scorecard Business Case analysis model (Figure 5-3), the researcher saw the same
contributions as shown on the Business Case. When the actual results from the SEI
assessment of the Pilot Project were analyzed (Figure 5-9), a contribution was seen in the
Improvement of Customer Satisfaction and Improved Quality. It was found that the
development and approval of realistic plans did not contribute directly to the Balanced
Scorecard. The benefits were realized through the usage of the project plans.

Software Project Tracking and Oversight
In the Balanced Scorecard Business Case, the researcher suggested that the establishment
of Software Project Tracking and Oversight would add value by supporting the corporate
goals of Reducing Project Schedule Over-Runs, Reducing Project Cost Over-Runs and
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Improving Employee Satisfaction. When the Common Features of SEI were added to the
Balanced Scorecard Business Case analysis model (Figure 5-4), the researcher saw the
same contributions as shown on the Business Case. When the actual results from the SEI
assessment of the Pilot Project were analyzed (Figure 5-10) there was a contribution
made in Improving Customer Satisfaction. The development of a realistic plan during the
Project Planning phase provided the basis for the project team to track the actual progress
against the planned progress. Deviations from the plan were identified and corrective
actions determined. The individuals affected by the deviations approved the required
corrective actions. This communication and involvement led to improved customer and
employee satisfaction.

Software Configuration Management
In the Balanced Scorecard Business Case, the researcher suggested that the establishment
of Software Configuration Management would add value by supporting the corporate
goals by Improving Employee Productivity and Cost Reduction. By adding the Common
Features of SEI to the Balanced Scorecard Business Case analysis model (Figure 5-5), the
researcher saw additional potential value by Improving Customer Satisfaction, Improving
Quality and Improved Employee Satisfaction. The actual results from the SEI
assessment of the Pilot Project (Figure 5-11) supported the theoretical SEI Balanced
Scorecard analysis model.

Software Quality Assurance
In the Balanced Scorecard Business Case, the researcher suggested that the establishment
of Software Quality Assurance would add value by supporting the corporate goals of
Improving Quality. When the Common Features of SEI were added to the Balanced
Scorecard analysis model (Figure 5-6), the researcher saw a potential contribution to
Improving Customer Satisfaction. When the actual results from the SEI assessment of
the Pilot Project was analyzed (Figure 5-12), the researcher found limited contribution
made to the product quality. The X X X Corporation did not have adequate resources for
SQA, as the SQA team members were also involved in the development and
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establishment of the processes. The benefits although reduced, were realized through the
verification of baseline libraries in Configuration Management.

5.6.

Discussion of Results

With the absence of metrics, a Balanced Scorecard Business Case was used to link
Software Process Improvement to the corporate goals defined on the corporate Balanced
Scorecard. The analysis models support the thesis claim that Software Process
Improvement can support a corporation's strategic goals through a number of
perspectives.

The researcher expects that the results of the analysis will be useful to organizations in a
number of ways:
1. Fryer [1999] suggests that breaking the process down will help analyse and convert
the intangible and strategic benefits into hard numbers. The Balanced Scorecard
analysis models presented in this thesis can be used as a basis for decomposing the
process to identify the financial, non-financial and intangible benefits when
evaluating the value of Software Process Improvement.
2. The Balanced Scorecard analysis models can be used for determining the metrics to
measure the business value of an investment for benefit realization. There is a need
to understand what is of interest before effective measurements can be identified
[Neuman 1997]. The analysis models presented in this thesis provide industry with a
means of identifying the areas of interest on the Balanced Scorecard.

5.7.

Summary

The research implementation involved the analysis of the Balanced Scorecard for the
Software Process Improvement Project within the X X X Corporation. The Balanced
Scorecard Business Case was based on the goals of SEI C M M Level 2 Key Process
Areas. The researcher linked the SEI goals with the goals of X X X Corporation to show
the business value of the Software Process Improvement Project.
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To analyze the Business Case, the researcher developed two sets of analysis models:
1. The SEI C M M ' s Activities and Abilities (Common Features) from each of the Level
2 Key Process Areas were added to the Balanced Scorecard Business Case analysis
models. This provides more details on the theoretical benefits that can be achieved
from Software Process Improvement.
2. The actual SEI C M M assessment results from the Pilot Project were added to the
Balanced Scorecard Business Case analysis models. This provides an understanding
of the areas where benefits were realized by the Pilot Project.

The analysis models verify the Business Case in Chapter 4 by showing the contributions
that the establishment of the Key Process Areas made on the goals of the Balanced
Scorecard as seen on the Pilot Project.

In Chapter 6, the thesis is reviewed along with a discussion of how the objectives have
been meet by the research.
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CHAPTER 6.

6.0.

DISCUSSION AND CONCLUSION

Introduction

The goal of this chapter is to review the objectives of the thesis and determine if they
have been satisfied through the research implementation.

6.1.

Review of the Thesis Objectives

The aim of this thesis is to provide a means for industry to build a qualitative Business
Case using a Balanced Scorecard for Software Process Improvement Projects. This is of
value to organizations embarking on process improvement that do not have metrics to
build a Return-On-Investment Business Case. Another benefit is that the Balanced
Scorecard provides a more comprehensive view of the type of benefits that will be
achieved through the four perspectives: Financial, Customer, Internal Business Process,
Employee Learning and Growth.

In order to explore the aim of the thesis a set of objectives were defined. The following
is a list of the objectives along with a discussion of how this thesis addressed each of
them.

To review the current state of measuring value of Information Technology
investments.
A literature review on measuring benefits was completed. The researcher documented
the evolution of information management and the impact this has had on determining
benefits from investments made.

The traditional cost-benefit analysis of Return-On-lnvestment was described along with
how these financial measures were used to build Business Cases. With the evolution of
information management from automation of work to the current focus on more strategic
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initiatives, such as business process improvement, the researcher found that there was a
need from industry to evolve from cost/benefit analysis to measuring business value.

To review the current state of the art in Software Process Improvement using the
Software Engineering Institute's Capability Maturity Model (SEI CMM).
The literature survey review discussed the current state of Software Process Improvement
using the SEI C M M . The history and mandate of the Software Engineering Institute is
described along with the evolution and the current state of the Capability Maturity Model.
The levels of the C M M are defined along with the Common Features. SEI's
recommended process improvement strategy as documented in the Software Process
Framework was described in this thesis.

To introduce the Balanced Scorecard and how the Balanced Scorecards are being
used to represent the goals of an organization.
The history and usage of the Balanced Scorecard was researched and presented. The
Balanced Scorecard was found to be an effective tool to translate the goals of an
organization into four balanced perspectives such as Financial, Customer, Internal
Business Processes and Employee Learning and Growth. Although the literature survey
indicated that the Balanced Scorecard is a performance management tool, the researcher
used the Balanced Scorecard to define the Business Case for Software Process
Improvement.

To review published business benefits reports for SEI C M M process improvement.
Published cost-benefit reports were analyzed in order to determine the applicability of the
results to non-government organizations embarking on their first process improvement
initiative. The SEI's interpretation of the studies is reported along with the difficulties
that the researcher had using the data.

H4
To describe the industry environment where the research was conducted. To
describe the Pilot Project used for the Software Process Improvement Project, led
by the researcher.
The researchers used a case study in industry for the research. The industry setting and
the organization's state prior to the Software Process Improvement Project were
documented. The Balanced Scorecard Business Case is documented along with the
Software Process Improvement approach used by the researcher. The results of two
external SEI C M M assessments are presented and used in the analysis of the Business
Case.

To analyze the qualitative Balanced Scorecard Business Case prepared by the
researcher for the Software Process Improvement Project
The Business Case used to gain approval for the Software Process Improvement Project
is analyzed using a series of activity / result flow charts. These analysis models showed
the contributions that the Software Process Improvement Project made to the
corporation's goals.

To discuss the results of the analysis and display how the results can be used by
other organizations
A discussion is included on how these analysis models support the claim of the thesis that
Software Process Improvement supports a corporation's strategic goals through a number
of perspectives. The analysis also shows the validity of a qualitative Business Case in the
absence of metrics.

6.2.

Research Limitations and Future Research

The research in this thesis was based on a single longitudinal case study. An extension to
this thesis would be to repeat the research with a structured case study to capture
empirical data that would support the business value realized.
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Brock [2001] states " Knowing the right metrics to measure is the challenge".
SEI does not provide any guidance for the measurement of the business value. At Level
2, SEI recommends the following metrics [McWhinney and Baumert 1992]:

•

Progress - actual vs. planned completion dates.

•

Effort - actual vs. planned completion dates.

•

Cost - actual vs. planned completion dates.

•

Quality - status of non-compliance issues, action items and trouble reports.

•

Stability - number of change requirements, size growth by release.

•

Computer resource utilization.

The SEI suggested metrics are focussed on the goals of the Key Process Areas and do not
provide organizations with a means of determining the business benefit of the process
improvement. The researcher suggests that the Balanced Scorecard Analysis models
using the SEI C M M Activities and Abilities (see Section 5.3 of this thesis) be used to
determine the areas of interest for the business value metrics. The business value metrics
would supplement the SEI suggested metrics. As Ambrosia [2001] states, "It is better to
choose a few well-chosen yardsticks that to drown in a sea of500 data points".

There is an identified need for future research and industry testing of Information
Technology investment evaluation methods. A n area of interest is the linkage between
the evaluation methods used and the actual benefits realized. It would be interesting to
evaluate an organization's Information Management investments using a number of
evaluation methodologies. Then through a common set of business value metrics,
measure the actual benefits realized. This would provide insight into the strength and
weaknesses of the various investment evaluation techniques.

The need for future research in the area of investment evaluation is supported by Violini
[2001] who states that the investment environment is weakening and consequently there
is a need to build stronger business cases.
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APPENDIX A: SEI C M M Key Process Areas for Level 2
This appendix contains the Level 2 Key Process Area Descriptions and Common
Features from Paulk[ 1993b].

Requirements Management

The purpose of Requirements Management is to establish a common understanding
between the customer and the software project of the customer's requirements that will be
addressed by the software project.

Requirements Management involves establishing and maintaining an agreement with the
customer on the requirements for the software project. This agreement is referred to as
the "system requirements allocated to the software." The "customer" may be interpreted
as the system engineering group, the marketing group, another internal organization, or
an external customer. The agreement covers both the technical and non-technical (e.g.,
delivery dates) requirements. The agreement forms the basis for estimating, planning,
performing and tracking the software project's activities throughout the software life
cycle.

The allocation of the system requirements to software, hardware, and other system
components (e.g., humans) may be performed by a group external to the software
engineering group (e.g., the system engineering group), and the software engineering
group may have no direct control of this allocation. Within the constraints of the project,
the software-engineering group takes appropriate steps to ensure that the system
requirements allocated to software, which they are responsible for addressing, are
documented and controlled.

To achieve this control, the software-engineering group reviews the initial and revised
system requirements allocated to software to resolve issues before they are incorporated
into the software project. Whenever the system requirements allocated to software are
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changed, the affected software plans, work products, and activities are adjusted to remain
consistent with the updated requirements.

Goals
Goal 1

System requirements allocated to software are controlled to establish a
baseline for software engineering and management use.

Goal 2

Software plans, products and activities are kept consistent with the
system requirements allocated to software.

Commitment to Perform
Commitment 1

The project follows a written organizational policy for managing the
system requirements allocated to software.

Ability to Perform
Ability 1

For each project, responsibility is established for analyzing the system
requirements and allocating them to hardware, software and other
system components.

Ability 2

The allocated requirements are documented.

Ability 3

Adequate resources and funding are provided for managing the
allocated requirements.

Ability 4

Members of the software engineering group and other software-related
groups are trained to perform their requirements management
activities.
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Activities Performed
Activity 1

The software-engineering group reviews the allocated requirements
before they are incorporated into the software project.

Activity 2

The software-engineering group uses the allocated requirements as the
basis for software plans, work products and activities.

Activity 3

Changes to the allocated requirements are reviewed and incorporated
into the software project.

Measurements and Analysis
Measurement 1

Measurements are made and used to determine the status of the
activities for managing the allocated requirements.

Verifying Implementation
Verification 1

The activities for managing the allocated requirements are reviewed
with senior management on a periodic basis.

Verification 2

The activities for managing the allocated requirements are reviewed
with the project manager on both a periodic and event-driven basis.

Verification 3

The software quality assurance group reviews and/or audits the
activities and work products for managing the allocated requirements
and reports the results.
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Software Project Planning

The purpose of Software Project Planning is to establish reasonable plans for performing
the software engineering and for managing the software project.

Software Project Planning involves developing estimates for the work to be performed,
establishing the necessary commitments, and defining the plan to perform the work.

The software planning begins with a statement of the work to be performed and other
constraints and goals that define and bound the software project (those established by the
practices of the Requirements Management key process area). The software planning
process includes steps to estimate the size of the software work products and the
resources needed, produce a schedule, identify and assess software risks, and negotiate
commitments. Iterating through these steps may be necessary to establish the plan for the
software project (i.e., the software development plan).

This plan provides the basis for performing and managing the software project's activities
and addresses the commitments to the software project's customer according to the
resources, constraints and capabilities of the software project.

Goals
Goal 1

Software estimates are documented for use in planning and tracking
the software project.

Goal 2

Software project activities and commitments are planned and
documented.

Goal 3

Affected groups and individuals agree to their commitments related to
the software project.
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Commitment to Perform
Commitment 1

A project software manager is designated to be responsible for
negotiating commitments and developing the project's software
development plan.

Commitment 2

The project follows a written organizational policy for planning a
software project.

Ability to Perform
Ability 1

A documented and approved statement of work exists for the software
project.

Ability 2

Responsibilities for developing the software development plan are
assigned.

Ability 3

Adequate resources and funding are provided for planning the
software project.

Ability 4

The software managers, software engineers, and other individuals
involved in the software project planning are trained in the software
estimating and planning procedures applicable to their areas of
responsibility.

Activities Performed
Activity 1

The software-engineering group participates on the project proposal
team.

Activity 2

Software project planning is initiated in the early stages of, and in
parallel with, the overall project planning.

Activity 3

The software-engineering group participates with other affected
groups in the overall project planning throughout the project's life.
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Activity 4

Software project commitments made to individuals and groups
external to the organization are reviewed with senior management
according to a documented procedure.

Activity 5

A software life cycle with predefined stages of manageable size is
identified or defined.

Activity 6

The project's software development plan is developed according to a
documented procedure.

Activity 7

The software development plan is managed and controlled. The plan
for the software project is documented.

Activity 8

Software work products that are needed to establish and maintain
control of the software project are identified.

Activity 9

Estimates for the size of the software work products (or changes to the
size of software work products) are derived according to a
documented procedure.

Activity 10

Estimates for the software project's effort and costs are derived
according to a documented procedure.

Activity 11

Estimates for the project's critical computer resources are derived
according to a documented procedure.

Activity 12

The project's software schedule is derived according to a documented
procedure.

Activity 13

The software risks associated with the cost, resource, schedule and
technical aspects of the project are identified, assessed and
documented.

Activity 14

Plans for the project's software engineering facilities and support tools
are prepared.

Activity 15

Software planning data are recorded.
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Measurements and Analysis
Measurement 1

Measurements are made and used to determine the status of the
software planning activities.

Verifying Implementation
Verification 1

The activities for software project planning are reviewed with senior
management on a periodic basis.

Verification 2

The activities for software project planning are reviewed with the
project manager on both a periodic and event-driven basis.

Verification 3

The software quality assurance group reviews and/or audits the
activities and work products for software project planning and reports
the results.
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Software Project Tracking and Oversight

The purpose of Software Project Tracking and Oversight is to provide adequate visibility
into actual progress so that management can take effective actions when the software
project's performance deviates significantly from the software plans.

Software Project Tracking and Oversight involves tracking and reviewing the software
accomplishments and results against documented estimates, commitments, and plans, and
adjusting these plans based on the actual accomplishments and results.

A documented plan for the software project (i.e., the software development plan, as
described in the Software Project Planning key process area) is used as the basis for
tracking the software activities, communicating status, and revising plans. Software
activities are monitored by the management. Progress is primarily determined by
comparing the actual software size, effort, cost and schedule to the plan when selected
software work products are completed and at selected milestones. When it is determined
that the software project's plans are not being met, corrective actions are taken. These
actions may include revising the software development plan to reflect the actual
accomplishments and replanning the remaining work or taking actions to improve the
performance.

Goals
Goal 1

Actual results and performances are tracked against the software
plans.

Goal 2

Corrective actions are taken and managed to closure when actual
results and performance deviate significantly from the software plans.

Goal 3

Changes to software commitments are agreed to by the affected
groups and individuals.
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Commitment to Perform
Commitment 1

A project software manager is designated to be responsible for the
project's software activities and results.

Commitment 2

The project follows a written organizational policy for managing the
software project.

Ability to Perform
Ability 1

A software development plan for the software project is documented
and approved.

Ability 2

The project software manager explicitly assigns responsibility for
software work products and activities.

Ability 3

Adequate resources and funding are provided for tracking the software
project.

Ability 4

The software managers are trained in managing the technical and
personnel aspects of the software project.

Ability 5

First-line software managers receive orientation in the technical
aspects of the software project.

Activities Performed
Activity 1

A documented software development plan is used for tracking the
software activities and communicating status.

Activity 2

The project's software development plan is revised according to a
documented procedure.

Activity 3

Software project commitments and changes to commitments made to
individuals and groups external to the organization are reviewed with
senior management according to a documented procedure.
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Activity 4

Approved changes to commitments that affect the software project are
communicated to the members of the software engineering group and
other software-related groups.

Activity 5

The size of the software work products (or size of the changes to the
software work products) are tracked, and corrective actions are taken
as necessary.

Activity 6

The project's software effort and costs are tracked, and corrective
actions are taken as necessary.

Activity 7

The project's critical computer resources are tracked, and corrective
actions are taken as necessary.

Activity 8

The project's software schedule is tracked, and corrective actions are
taken as necessary.

Activity 9

Software engineering technical activities are tracked, and corrective
actions are taken as necessary.

Activity 10

The software risks associated with cost, resource, schedule, and
technical aspects of the project are tracked.

Activity 11

Actual measurement data and replanning data for the software project
are recorded.

Activity 12

The software-engineering group conducts periodic internal reviews to
track technical progress, plans, performance and issues against the
software development plan.

Activity 13

Formal reviews to address the accomplishments and results of the
software project are conducted at selected project milestones
according to a documented procedure.

-
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Measurements and Analysis
Measurement 1

Measurements are made and used to determine the status of the
software tracking and oversight activities.

Verifying Implementation
Verification 1

The activities for software project tracking and oversight are reviewed
with senior management on a periodic basis.

Verification 2

The activities for software project tracking and oversight are reviewed
with the project manager on both a periodic and event-driven basis.

Verification 3

The software quality assurance group reviews and/or audits the
activities and work products for software project tracking and
oversight and reports the results.
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Software Subcontract Management

The purpose of Software Subcontract Management is to select qualified software
subcontractors and manage them effectively.

Software Subcontract Management involves selecting a software subcontractor,
establishing commitments with the subcontractor, and tracking and reviewing the
subcontractor's performance and results. These practices cover the management of a
software (only) subcontract, as well as the management of the software component of a
subcontract that includes software, hardware and possibly other system components.

The subcontractor is selected based on its ability to perform the work. Many factors
contribute to the decision to subcontract a portion of the prime contractor's work.
Subcontractors may be selected based on strategic business alliances, as well as technical
considerations. The practices of this key process area address the traditional acquisition
process associated with subcontracting a defined portion of the work to another
organization.

When subcontracting, a documented agreement covering the technical and non-technical
(e.g., delivery dates) requirements is established and is used as the basis for managing the
subcontract. The work to be done by the subcontractor and the plans for the work are
documented. The standards that are to be followed by the subcontractor are compatible
with the prime contractor's standards.

The software planning, tracking, and oversight activities for the subcontracted work are
performed by the subcontractor. The prime contractor ensures that these planning,
tracking and oversight activities are performed appropriately and that the software
products delivered by the subcontractor satisfy their acceptance criteria. The prime
contractor works with the subcontractor to manage their product and process interfaces.
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Goals
Goal 1

The prime contractor selects qualified software subcontractors.

Goal 2

The prime contractor and the software subcontractor agree to their
commitments to each other.

Goal 3

The prime contractor and the software subcontractor maintain ongoing
communications.

Goal 4

The prime contractor tracks the software subcontractor's actual results
and performance against its commitments.

Commitment to Perform
Commitment 1

The project follows a written organizational policy for managing the
software subcontract.

Commitment 2

A subcontract manager is designated to be responsible for establishing
and managing the software subcontract.

Ability to Perform
Ability 1

Adequate resources and funding are provided for selecting the
software subcontractor and managing the subcontract.

Ability 2

Software managers and other individuals who are involved in
establishing and managing the software subcontract are trained to
perform these activities.

Ability 3

Software managers and other individuals who are involved in
managing the software subcontract receive orientation in the technical
aspects of the subcontract.
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Activities Performed
Activity 1

The work to be subcontracted is defined and planned according to a
documented procedure.

Activity 2

The software subcontractor is selected, based on an evaluation of the
subcontract bidders' ability to perform the work, according to a
documented procedure.

Activity 3

The contractual agreement between the prime contractor and the
software subcontractor is used as the basis for managing the
subcontract.

Activity 4

A documented subcontractor's software development plan is reviewed
and approved by the prime contractor.

Activity 5

A documented and approved subcontractor's software development
plan is used for tracking the software activities and communicating
status.

Activity 6

Changes to the software subcontractor's statement of work,
subcontract terms and conditions, and other commitments are resolved
according to a documented procedure.

Activity 7

The prime contractor's management conducts periodic
status/coordination reviews with the software subcontractor's
management.

Activity 8

Periodic technical reviews and interchanges are held with the software
subcontractor.

Activity 9

Formal reviews to address the subcontractor's software engineering
accomplishments and results are conducted at selected milestones
according to a documented procedure.

Activity 10

The prime contractor's software quality assurance group monitors the
subcontractor's software quality assurance activities according to a
documented procedure.

Activity 11

The prime contractor's software configuration management group
monitors the subcontractor's activities for software configuration
management according to a documented procedure.

Activity 12

The prime contractor conducts acceptance testing as part of the
delivery of the subcontractor's software products according to a
documented procedure.

Activity 13

The software subcontractor's performance is evaluated on a periodic
basis, and the evaluation is reviewed with the subcontractor.

Measurements and Analysis
Measurement 1 Measurements are made and used to determine the status of the
activities for managing the software subcontract.

Verifying Implementation
Verification 1

The activities for managing the software subcontract are reviewed
with senior management on a periodic basis.

Verification 2

The activities for managing the software subcontract are reviewed
with the project manager on both a periodic and event-driven basis.

Verification 3

The software quality assurance group reviews and/or audits the
activities and work products for managing the software subcontract
and reports the results.
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Software Quality Assurance

The purpose of Software Quality Assurance is to provide management with appropriate
visibility into the process being used by the software project and of the products being
built.

Software Quality Assurance involves reviewing and auditing the software products and
activities to verify that they comply with the applicable procedures and standards and
providing the software project and other appropriate managers with the results of these
reviews and audits.

The software quality assurance group works with the software project during its early
stages to establish plans, standards and procedures that will add value to the software
project and satisfy the constraints of the project and the organization's policies. By
participating in establishing the plans, standards and procedures, the software quality
assurance group helps ensure they fit the project's needs and verifies that they will be
usable for performing reviews and audits throughout the software life cycle. The
software quality assurance group reviews project activities and audits software work
products throughout the life cycle and provides management with visibility as to whether
the software project is adhering to its established plans, standards, and procedures.

Compliance issues are first addressed within the software project and resolved there if
possible. For issues not resolvable within the software project, the software quality
assurance group escalates the issue to an appropriate level of management for resolution.
This key process area covers the practices for the group performing the software quality
assurance function. The practices identifying the specific activities and work products
that the software quality assurance group reviews and/or audits are generally contained in
the Verifying Implementation common feature of the other key process areas.
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Goals
Goal 1

Software quality assurance activities are planned.

Goal 2

Adherence of software products and activities to the applicable
standards, procedures and requirements is verified objectively.

Goal 3

Affected groups and individuals are informed of software quality
assurance activities and results.

Goal 4

Noncompliance issues that cannot be resolved within the software
project are addressed by senior management.

Commitment to Perform
Commitment 1

The project follows a written organizational policy for implementing
software quality assurance (SQA).

Ability to Perform
Ability 1

A group that is responsible for coordinating and implementing SQA
for the project (i.e., the SQA group) exists.

Ability 2

Adequate resources and funding are provided for performing the SQA
activities..

Ability 3

Members of the SQA group are trained to perform their SQA
activities.

Ability 4

The members of the software project receive orientation on the role,
responsibilities, authority and value of the SQA group.

Activities Performed
Activity 1

A SQA plan is prepared for the software project according to a
documented procedure.
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Activity 2

The SQA group's activities are performed in accordance with the plan.

Activity 3

The SQA group participates in the preparation and review of the
project's software development plan, standards and procedures.

Activity 4

The SQA group reviews the software engineering activities to verify
compliance.

Activity 5

The SQA group audits designated software work products to verify
compliance.

Activity 6

The SQA group periodically reports the results of its activities to the
software-engineering group.

Activity 7

Deviations identified in the software activities and software work
products are documented and handled according to a documented
procedure.

Activity 8

The SQA group conducts periodic reviews of its activities and
findings with the customer's SQA personnel, as appropriate.

Measurements and Analysis
Measurement 1

Measurements are made and used to determine the cost and schedule
status of the SQA activities.

Verifying Implementation
Verification 1

The SQA activities are reviewed with senior management on a
periodic basis.

Verification 2

The SQA activities are reviewed with the project manager on both a
periodic and event-driven basis.

Verification 3

Experts independent of the SQA group periodically review the
activities and software work products of the project's SQA group.
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Software Configuration Management

The purpose of Software Configuration Management is to establish and maintain the
integrity of the products of the software project throughout the project's software life
cycle.

Software Configuration Management involves identifying the configuration of the
software (i.e., selected software work products and their descriptions) at given points in
time, systematically controlling changes to the configuration, and maintaining the
integrity and traceability of the configuration throughout the software life cycle. The
work products placed under software configuration management include the software
products that are delivered to the customer (e.g., the software requirements document and
the code) and the items that are identified with or required to create these software
products (e.g., the compiler).

A software baseline library is established containing the software baselines as they are
developed. Changes to baselines and the release of software products built from the
software baseline library are systematically controlled via the change control and
configuration auditing functions of software configuration management.

This key process area covers the practices for performing the software configuration
management function. The practices identifying specific configuration items/units are
contained in the key process areas that describe the development and maintenance of
each configuration item/unit.

Goals
Goal 1

Software configuration management activities are planned.

Goal 2

Selected software work products are identified, controlled and
available.
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Goal 3

Changes to identified software work products are controlled.

Goal 4

Affected groups and individuals are informed of the status and content
of software baselines.

Commitment to Perform
Commitment 1

The project follows a written organizational policy for implementing
software configuration management (SCM).

Ability to Perform
Ability 1

A board having the authority for managing the project's software
baselines (i.e., a software configuration control board - SCCB) exists
or is established.

Ability 2

A group that is responsible for coordinating and implementing S C M
for the project (i.e., the S C M group) exists.

Ability 3

Adequate resources and funding are provided for performing the S C M
activities.

Ability 4

Members of the S C M group are trained in the objectives, procedures
and methods for performing their S C M activities.

Ability 5

Members of the software engineering group and other software-related
groups are trained to perform their S C M activities.

Activities Performed
Activity 1

A S C M plan is prepared for each software project according to a
documented procedure.

Activity 2

A documented and approved S C M plan is used as the basis for
performing the S C M activities.
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Activity 3

A configuration management library system is established as a
repository for the software baselines.

Activity 4

The software work products to be placed under configuration
management are identified.

Activity 5

Change requests and problem reports for all configuration items/units
are initiated, recorded, reviewed, approved and tracked according to a
documented procedure.

Activity 6

Changes to baselines are controlled according to a documented
procedure.

Activity 7

Products from the software baseline library are created and their
release is controlled according to a documented procedure.

Activity 8

The status of configuration items/units is recorded according to a
documented procedure.

Activity 9

Standard reports documenting the S C M activities and the contents of
the software baseline are developed and made available to affected
groups and individuals.

Activity 10

Software baseline audits are conducted according to a documented
procedure.

Measurements and Analysis
Measurement 1

Measurements are made and used to determine the status of the S C M
activities.

Verifying Implementation
Verification 1

The S C M activities are reviewed with senior management on a
periodic basis.
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Verification 2

The S C M activities are reviewed with the project manager on both a
periodic and event-driven basis.

Verification 3

The S C M group periodically audits software baselines to verify that
they conform to the documentation that defines them.

Verification 4

The software quality assurance group reviews and/or audits the
activities and work products for S C M and reports the results.

APPENDIX B: SEI C M M Level 2 Assessment Results

T A B L E A - S E I C M M ASSESSMENT SCORING
T A B L E B - S E I C M M C O M M O N FEATURE ABBREVIATIONS
T A B L E C - A S S E S S M E N T R E S U L T S FOR R E Q U I R E M E N T S M A N A G E M E N T
T A B L E D - A S S E S S M E N T R E S U L T S FOR S O F T W A R E P R O J E C T P L A N N I N G
T A B L E E - A S S E S S M E N T R E S U L T S FOR S O F T W A R E P R O J E C T T R A C K I N G
T A B L E F - A S S E S S M E N T R E S U L T S FOR S O F T W A R E Q U A L I T Y A S S U R A N C E
T A B L E G - A S S E S S M E N T R E S U L T S FOR S O F T W A R E C O N F I G U R A T I O N M A N A G E M E N T

Table A - SEI C M M Assessment Scoring
Legend:

SEI-CMM Compliance

Rating

V

Fully Complies.

1.0

Partially complies.

0.5

Does not comply.

0.0

X

Table B - SEI C M M Common Feature Abbreviations
Abbreviation

Common Feature

G

Goals

C

Commitment to Perform

Ab

Ability to Perform

A

Activities Performed

M

Measurement and Analysis

V

Verifying Implementation
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Table C - Assessment Results for Requirements Management

Goals & Key Practice Common Features

Gl

V

System requirements allocated to software are controlled to establish a baseline
for software engineering and management use.

G2

Software plans, products and activities are kept consistent with the system
requirements allocated to software.

Cl

The project follows a written organizational policy for managing the system

X

requirements allocated to software.
Abl

For each project, responsibility is established for analyzing system
requirements and allocating them to hw, sw, and other system components.

Ab2

The allocated requirements are documented.

Ab3

Adequate resources and funding are provided for managing the requirements.

AW

Members of the software engineering group and other software-related groups
are trained to perform their requirement management activities.

Al

The software-engineering group reviews the allocated requirements before they
are incorporated into the software project.

A2

The software-engineering group uses the allocated requirements as the basis for

V

software plans, work products and activities.
A3

Changes to the allocated requirements are reviewed and incorporated into the

V

software project.
\11

Measurements are made and used to determine the status of the activities for
managing the allocated requirements.

VI

The activities for managing the allocated requirements are reviewed with senior
management on a periodic basis.

V2

The activities for managing the allocated requirements are reviewed with the
project manager on both a periodic and event-driven basis.

V3

The software quality assurance group reviews and/or audits the activities and
work products for managing the allocated requirements and reports the results.

X
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Table D - Assessment Results for Software Project Planning

Goals & Key Practice Common Features
Gl

Software estimates are documented for use in planning and tracking the
software project.

G2

Software project activities and commitments are planned and documented.

G3

Affected groups and individuals agree to their commitments related to the
software project.

CI

A project software manager is designated to be responsible for negotiating
commitments and developing the project's software development plan.

C2

The project follows a written organizational policy for planning a software

•

project.
Abl

A documented and approved statement of work exists for the software project.

/

Ab2

Responsibilities for developing the software development plan are assigned.

V

Ab3

Adequate resources and funding are provided for planning the software project.

V

Ab4

The software managers, software engineers, and other individuals involved in
the software project planning are trained in the software estimating and
planning procedures applicable to their areas of responsibility.

Al

The software-engineering group participates on the project proposal team.

A2

Software project planning is initiated in the early stages of, and in parallel with,
the overall project planning.

A3

The software-engineering group participates with other affected groups in the
overall project planning throughout the project's life.

A4

Software project commitments made to individuals and groups external to the
organization are reviewed with senior management according to a documented
procedure.

A5

A software life cycle with pre-defined stages of manageable size is identified or
defined.

A6

The project's software development plan is developed according to a
documented procedure.
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Goals & Key Practice Common Features
A7

The plan for the software project is documented.

AS

Software work products that are needed to establish and maintain control of the
software project are identified.

A9

Estimates for the size of the software work products (or changes to the size of
software work products) are derived according to a documented procedure.

Aid

Estimates for the software project's effort and costs are derived according to a
documented procedure.

Al 1

Estimates for the project's critical computer resources are derived according to
a documented procedure.

AI2

The project's software schedule is derived according to a documented

V

procedure.
A13

The software risks associated with the cost, resource, schedule and technical

s

aspects of the project are identified, assessed and documented.
A14

Plans for the project's software engineering facilities and support tools are
prepared.

A15

Software planning data are recorded.

Ml

Measurements are made and used to determine the status of the software
planning activities.

VI

The activities for software project planning are reviewed with senior
management on a periodic basis.

V2

The activities for software project planning are reviewed with the project
manager on both a periodic and event-driven basis.

V3

The software quality assurance group reviews and/or audits the activities and
work products for software project planning and reports the results.

•
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Table E - Assessment Results for Software Project Tracking

Goals & Key Practice Common Features
Gl

Actual results and performances are tracked against the software plans.

G2

Corrective actions are taken and managed to closure when actual results and
performance deviate significantly from the software plans.

G3

Changes to software commitments are agreed to by the affected groups and
individuals.

CI

A project software manager is designated to be responsible for the project's

•

software activities and results.
C2

The project follows a written organizational policy for managing the software
project.

Abl

A software development plan for the software project is documented and
approved.

Ab2

The project software manager explicitly assigns responsibility for software
work products and activities.

Ab3

Adequate resources and funding are provided for tracking the software project.

X

Ab4

The software managers are trained in managing the technical and personnel

/

aspects of the software project.
Ab5

First-line software managers receive orientation in the technical aspects of the
software project.

Al

A documented software development plan is used for tracking the software
activities and communicating status.

A2

The project's software development plan is revised according to a documented
procedure.

A3

Software project commitments and changes to commitments made to
individuals and groups external to the organization are reviewed with senior
management according to a documented procedure.

s
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Goals & Key Practice Common Features
A4

V

Approved changes to commitments that affect the software project are
communicated to the members of the software engineering group and other
software-related groups.

A5

The size of the software work products (or size of the changes to the software
work products) are tracked, and corrective actions are taken as necessary.

A6

The project's software effort and costs are tracked, and corrective actions are

s

taken as necessary.
A7

The project's critical computer resources are tracked, and corrective actions are
taken as necessary.

AX

The project's software schedule is tracked, and corrective actions are taken as

s

necessary.
A9

Software engineering technical activities are tracked, and corrective actions are
taken as necessary.

Aid

The software risks associated with cost, resource, schedule, and technical
aspects of the project are tracked.

Al 1

Actual measurement data and replanning data for the software project are
recorded.

A12

The software-engineering group conducts periodic internal reviews to track
technical progress, plans, performance and issues against the software
development plan.

A13

Formal reviews to address the accomplishments and results of the software
project are conducted at selected project milestones according to a documented
procedure.

Ml

Measurements are made and used to determine the status of the software
tracking and oversight activities.

VI

The activities for software project tracking and oversight are reviewed with
senior management on a periodic basis.

X
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Goals & Key Practice Common Features
V2

V

The activities for software project tracking and oversight are reviewed with the
project manager on both a periodic and event-driven basis.

V3

The software quality assurance group reviews and/or audits the activities and
work products for software project tracking and oversight and reports the
results.

X
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Table F - Assessment Results for Software Quality Assurance

Goals & Key Practice Common Features
Gl

Software quality assurance activities are planned.

G2

Adherence of software products and activities to the applicable standards,
procedures and requirements is verified objectively.

G3

Affected groups and individuals are informed of software quality assurance
activities and results.

G4

Noncompliance issues that cannot be resolved within the software project are
addressed by senior management.

CI

The project follows a written organizational policy for implementing software
quality assurance (SQA).

Abl

A group that is responsible for coordinating and implementing SQA for the

•/

project (i.e., the SQA group) exists.
Ab2

Adequate resources and funding are provided for performing the SQA
activities.

Ab3

Members of the SQA group are trained to perform their SQA activities.

Ab4

The members of the software project receive orientation on the role,

V

responsibilities, authority and value of the SQA group.
Al

A SQA plan is prepared for the software project according to a documented
procedure.

A2

The SQA group's activities are performed in accordance with the SQA plan.

A3

The SQA group participates in the preparation and review of the project's

~

software development plan, standards and procedures.
A4

The SQA group reviews the software engineering activities to verify
compliance.

A5

The SQA group audits designated software work products to verify compliance.

A6

The SQA group periodically reports the results of its activities to the software
engineering group.

~
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Goals & Key Practice Common Features
A7

V

Deviations identified in the software activities and software work products are
documented and handled according to a documented procedure.

A8

The SQA group conducts periodic reviews of its activities and findings with the

NA

customer's SQA personnel, as appropriate.
Ml

Measurements are made and used to determine the cost and schedule status of
the SQA activities.

VI

The SQA activities are reviewed with senior management on a periodic basis.

V2

The SQA activities are reviewed with the project manager on both a periodic
and event-driven basis.

V3

Experts independent of the SQA group periodically review the activities and
software work products of the project's SQA group.

•
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Table G - Assessment Results for Software Configuration Management

Goals(G) & Key Practices (C,Ab,A,M,V)

Gl

Software configuration management activities are planned.

G2

Selected software work products are identified, controlled and available.

G3

Changes to identified software work products are controlled.

G4

Affected groups and individuals are informed of the status and content of
software baselines.

Cl

The project follows a written organizational policy for implementing software
configuration management (SCM).

Abl

A board having the authority for managing the project's software baselines (i.e.,
a software configuration control board - SCCB) exists or is established.

Ab2

A group that is responsible for coordinating and implementing S C M for the
project (i.e., the S C M group) exists.

Ab3

Adequate resources and funding are provided for performing the S C M
activities.

Ab4

Members of the S C M group are trained in the objectives, procedures and
methods for performing their S C M activities.

Ab5

Members of the software engineering group and other software-related groups
are trained to perform their S C M activities.

Al

A S C M plan is prepared for each software project according to a documented
procedure.

A2

A documented and approved S C M plan is used as the basis for performing the
S C M activities.

A3

A configuration management library system is established as a repository for
the software baselines

A4

The software work products to be placed under configuration management are
identified.

X
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A5

Goals(G) & Key Practices (C,Ab,A,M,V)

V

Change requests and problem reports for all configuration items/units are

V

initiated, recorded, reviewed, approved and tracked according to a documented
procedure.
A6

Changes to baselines are controlled according to a documented procedure.

A7

Products from the software baseline library are created and their release is

V

controlled according to a documented procedure.
A8

The status of configuration items/units is recorded according to a documented
procedure.

A9

Standard reports documenting the S C M activities and the contents of the
software baseline are developed and made available to affected groups and
individuals.

AlO

Software baseline audits are conducted according to a documented procedure.

X

Ml

Measurements are made and used to determine the status of the S C M activities.

~

VI

The S C M activities are reviewed with senior management on a periodic basis.

V2

The S C M activities are reviewed with the project manager on both a periodic
and event-driven basis.

V3

The S C M group periodically audits software baselines to verify that they

X

conform to the documentation that defines them.
V4

The software quality assurance group reviews and/or audits the activities and
work products for S C M and reports the results.

X

