Achieving Business Objectives III:
A Real-World Software Process
Improvement Implementation
by Jim Mayes

Process improvement challenges  the process
cannot be continuously improved if:
à

Sound engineering practices are sacrificed to schedule

à

There is no feedback on process performance

à

Each person does something different

à

Wide variation occurs in performing identical tasks

à

Commitment to improve is not organization-wide

CMM [Capability Maturity Model] overcomes these hurdles
one by one.
 Dr. Bill Curtis1

executive summary

ITMS subscriber surveys tell us what youre
looking for to help you with your job. Requests
for case studies top the list, so Ive included two
in this issue.
Both of my guest authors this month, Jim Mayes
and Jim Heires, provide real-world situations that
discuss how to create support from top to bottom
for software processes and metrics, as well as how
to read metrics data to get an x-ray view of
whats really going on within an organization.
Mayes tackles the subject of how senior executives
play a crucial role. If youre a CIO or similar-level
executive, I think youll be interested in Mayess
description of what worked and what didnt in a
major Fortune 500 organization and why. The story
he shares comes from being in the frontlines of a
major software process improvement initiative. What
he says about organizational issues will save you
valuable time and shed insight into directing energy
where it can be most valuable  shared wisdom.

There are many obstacles to implementing a successful software process
improvement (SPI) program. This article provides the historical experience of one IT organization that attempted to overcome these obstacles

The High-Tech Historian 
Historical Data Analysis

Heires takes on another vital topic: metrics from
mini postmortems. Senior management wants to
know from you  in a straightforward way  what
the numbers are saying. Heires describes how one
Continued on page 2. organization was able to decode what was happening and gain insight into the inner workings of its
process. The key was to watch out for simple
averages  theyre waiting to trick you. But if you
read this article, youll be ready.
Both of these authors are experts from the school
of hard knocks. Theyre two of the most gutsy
practitioners I know. Many have learned a great
deal from their work, and I think you will, too.

by Jim Heires
What does the data mean?
When you make the finding yourself  even if youre
the last person on Earth to see the light  youll never
forget it.
 Carl Sagan
A couple of years ago, your boss asked you to lead a software
process improvement (SPI) initiative to reduce cycle time and
improve quality while still meeting customer commitments to cost
and functionality. After you updated your résumé and pondered
the impossibility of the mandate, you decided to step up to the
challenge (at least until your income tax refund arrived).
Continued on page 10.

I welcome your comments on any of these
articles and other metrics issues at the Cutter
Journals discussion at www.cutter.com/consortium/.
Michael C. Mah, Editor
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Continued from page 1.

using software metrics and a prioritized
project-level approach. It has been said that
we are all a product of our past experiences,
which gives each of us a unique frame of reference. The frame of reference in this
instance is the firsthand experience and lessons learned by members of a Software
Engineering Process Group (SEPG) within a
large corporation. (See ITMS, March and
June 2000 for the first two installments of
Achieving Business Objectives.)

Organizational Perspective
This SEPG supported a business unit chief
information officer (BUCIO) who was
responsible for 300 internal staff and approximately 130-200 contractors. The position of
SEPG within the BUCIO organization
is shown in Figure 1. The organizational
structure in operation for SEPG was established to help facilitate the successful
institutionalization of SEPGs function as
it is expressed in the Software Engineering
Institutes (SEI) Software Engineering

Process Group Guide, which states: This
group is responsible for the organizations
software process activities. It is especially
responsible for the development and maintenance of the organizations standard software
process assets, and it coordinates the process
activities with the software projects.2 SEPG
is an SEI/CMM Level 3 function; however,
most organizations that attain Level 2 have
SEPGs in place.
The goal of this organizational structure was
to enable work to flow, to depict clear escalation paths, and to minimize the number of
low value-added communication paths.
This structure was defined to meet the needs
of the SPI effort. There were six people
assigned full time to SEPG. Each SEPG
member became a specialist on specific key
process areas (KPAs), as defined by CMM,
and a generalist on all KPAs.3 This included
two estimation/metrics specialists.
This organizational structure, with SEPG
internally organized as a self-directed team,
was extremely effective. SEPG had common
commitments, met weekly for working
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Figure 1  Position of SEPG within the IT organizational structure.
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sessions, and met monthly for planning sessions. SEPG also met monthly with the
BUCIO and the steering committee. Process
implementation, which included providing a
monthly status report on each projects SPI
plan, was managed and measured by SEPG.
By reporting directly to the BUCIO, SEPG
functioned autonomously and was able to
provide clear communication to the BUCIO
on issues related to IT projects and the
SPI/metrics program.

Laying the Groundwork
The Gantt chart in Table 1 illustrates the
time line for the SPI assessment, process
development, and process implementation.
Year 1: Assessment and Planning

The BUCIO sponsored a third-party assessment to evaluate the software development
capability of the organization. SEI CMM
was used as the basis for this assessment,
and interviews were conducted at all levels
of the customer organization and the IT staff.
The results of this assessment were used to
develop an SPI transition plan. This plan
included 25 initiatives for developing
processes  project estimation, risk management, requirements management, software quality assurance (SQA), etc.  that
would be CMM Level 2 compliant. Later in
the year, technical working groups (TWGs)
were established to develop the processes.
Team leaders were selected for each TWG,
and a director was designated as a champion
for each TWG. A steering committee was
also established, consisting of the directors
(champions) and the BUCIO (sponsor).
Year 2: Process Development

The IT SPI transition plan was worked as
a program, and SEPG was established to

manage the SPI program. SEPG members
also functioned as change agents for SPI.
The SPI program involved more than 100
people from within the organization as team
members or team leaders on the various
TWGs. TWGs included project managers,
application development managers, developers, and representatives from the corporate
SPI and metrics staffs. An SEPG member
was also assigned to each team. The BUCIO
sponsor provided a high level of visible support. This resulted in extensive involvement
at the working level and significant buy-in
from the organization. Because of this wide
involvement in process development, these
practices were more readily applied to projects. The processes were completed and
documented by the end of the third quarter.
They were then assessed for CMM compliance and presented to the organization.
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Year 3: Process Implementation

SEPGs mission was limited to three major
items, as illustrated in triangular form in
Figure 2. It was based on the following critical factors applicable to SPI programs that,
according to Dr. Byron Finman, must be in
place for a successful SPI implementation:4
à

à

à

Upper management support is an early
success factor.
If you have more than three top priorities, you will have chaos.
If everyone does not have the same three
priorities, there will be chaos.

The SEPG mission illustrated in Table 2 (on
page 5) was stated as follows:
Mission Statement 1.0: Mentor targeted
projects for CMM Level 2. Provide three
types of mentoring services:

Table 1  Software Process Improvement and Metrics Implementation Time Line
SPI and
Metrics Program

Year 1

Year 2

Year 3

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 1112 1 2 3 4 5 6 7 8 9 10 11 12

Assessment and Planning
Process Development
Metrics Development
Process Implementation
Metrics Implementation
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Figure 2  SEPG mission prioritization triangle.

1. Specific projects in which CMM Level 2
assessment is desired
2. Projects in which processes are being
implemented
3. Technical working groups being spawned
CMM is designed to assess the development
practices of an organization. Level 2 in the
model requires that we consistently use a
development process that is repeatable and
measurable. The BUCIO has a commitment
to move to Level 2 for targeted projects.
The effort required to bring a project up to
CMM Level 2 compliance is extensive.
Leading up to assessment time, there is effort
involved in securing the process documents,
verifying artifacts, and setting up interviews
with the project teams. The formal assessment itself can take up to two weeks. At
least two months prior to a formal CMM
Level 2 assessment, a progress assessment
will be done.
Mission Statement 2.0: Develop additional
CMM compliant processes.

4

Update process documentation that was
assessed as to its compliance with CMM
Level 2 standards. This mission statement
also addresses the expressed needs for additional non-CMM Level 2 related processes.
Mission Statement 3.0: Departmental awareness of defined processes.
Awareness, or the presentation of the defined
processes to the IT associates, will be
accomplished using one of two methods:
1. Direct distribution from the IT directors
to their organizations
2. Arrangements made by the IT SEPG for
specialized CMM Level 2 related training as needed by the targeted projects.5
The prioritization process used for scoping
the SEPG work was similar to the estimating
process used for scoping software projects;
that is, there was a direct triangular relationship between the size, time, and effort (or
cost) variables. Within SEPGs parameters
related to the scope of work, time, and effort,
the three mission statements were prioritized
based on need and business value.
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Table 2  SEPG Mission Prioritization Matrices
(Key: X = Recommended to do; Blank = Hobby)
SEPG MISSION PRIORITIZATION
1.0: MENTOR TARGETED PROJECTS FOR CMM LEVEL 2
Formal
Assessment

Progress
Assessment

Project
Assistance

Top Projects

SEPG Lead

X

X

A

JM

X

X

X

B

SN

X

X

X

C

VM

X

D

SN

X

X

E

JS

X

X

F

PD

X

G

VS

2.0: DEVELOP ADDITIONAL CMM COMPLIANT PROCESSES
New Process

Modify
Process

Process

SEPG Lead

Processes Required to Get to CMM Level 2
X
X
X
X

Project Management Plan

JS

Software Quality Metrics Plan

JM/PD

Cost Metrics

JM/PD

SEPG Plan for Process Review

ALL

X

Close Gaps in Process Review

ALL

X

Training

SN

X

Sourcing

SN

Other Processes That Will Benefit IT
X

Requirements Development

VM

X

Testing Methodology

VS

Staff Development

SN

Process Improvement Tracking

X
X

JM/PD

Service Management

SN

Technology Change Management

SN

SEPG Processes

ALL

Project Metrics Data Collection

JM/PD

3.0: CREATE DEPARTMENTAL AWARENESS OF AND DELIVER DEFINED PROCESSES
Full
Department

Project
Specific

X

Activity

SEPG Lead

Overview Training

SN

X

Manager Training

SN

X

Practitioner Training

SN

X

SEPG Processes on Common Repository/Server

VS

X

Selected Processes (Example: Status Reviews)

VM
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The triangle shown in Figure 2 was used to
illustrate the prioritization parameters. The
mission statements, itemized 1.0 through 3.0,
represent the order of priority, respectively.
Mission Statement 1.0 was the most important and had the least flexibility for adjustment, Mission Statement 2.0 was the second
priority, and Mission Statement 3.0 had the
most flexibility. The variables on each point
of the triangle affected the other, such that if
the scope of one point was increased, the
scope of the other points had to be reduced,
due to a fixed time and effort.
The BUCIO had also established a list of the
most critical top projects. These projects
were to be tracked at the milestone and cost
levels, and a status report was to be provided
on a monthly basis. It was also required that
these projects begin implementing CMM
Level 2 processes and metrics. The matrix
shown in Table 2 illustrates how the prioritization triangle was expanded for prioritizing
the scope of each mission statement. The
top projects were identified in Mission
Statement 1.0 and assigned to SEPG team
members as primary contacts. An SEPG
lead was also assigned to the items in
Mission Statements 2.0 and 3.0.

Overcoming the Obstacles
There were many obstacles SEPG had to
overcome with regard to implementing SPI.
The primary ones are listed below.
Reorganization

During the implementation of SPI, IT was
reorganizing and undergoing staff reduction.
Reorganization was also under way at the
corporate level. (These are common obstacles within IT organizations.) To avoid these
distractions, it proved beneficial to focus on
the project level for implementation. For
CMM Level 2, the benefits are measured at
the project level. The first three things (at
the project level) that SPI helps get control
of are:
1. Schedule performance
2. Budget performance

Processes Were Viewed As Bureaucratic
Overhead

Project teams, especially those with unreasonable schedules, often consider processes
as intrusive, interfering with getting real
work done and requiring more time and
effort than they are worth to implement. If
the individuals responsible for these projects
do not see how value is added by process
implementation, change will not be successful, and SPI will fail. If SEPG does not provide active support at the project level
through mentoring, process implementation
will also not be successful. Through active
participation and mentoring, SEPG added
value, not just bureaucracy. In the past, most
methodology standards were seldom followed and became shelfware. This was
because project teams were not mentored or
assessed for progress; that is, they were told
what they should do but not shown how. In
this case, project teams were shown how
software metrics could add value at the project level, starting with small successes and
building on them.
Belief That Projects Would Always
Take Longer Due to SPI

As is common in most IT organizations,
software projects are typically date driven
and usually have resource and budgetary
constraints. Metrics data was used in much
the same way that a financial planner creates
a financial plan. Normally, a financial planner will analyze an individuals financial
data and find ways for the individual to save
money to invest. With metrics data to use
for estimating, SEPG was able to work with
projects for project size scoping and probability assessment. The data was also used to
illustrate the schedule and cost improvements that could be accomplished by implementing the IT processes. It was shown how
these improvements were related to the
amount of time and effort (30%-50% extra)
normally required for scope creep and
rework due to lack of processes. SEPG followed this analysis with a process kickoff
meeting, a risk assessment, and other process
workshops.

3. Customer problems

6
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Reluctance to Accept Quantitative Metrics
and Estimate Data

In the second year of the SPI program, SEPG
began implementing project-level software
metrics in conjunction with SPI. For the
same reasons that a prioritized project
approach was used for SPI, a prioritized
approach was used for implementing software metrics. However, there was some
resistance in believing the information that
the metrics and quantitative estimates provided. Therefore, the level of confidence in
the estimating process and the metrics data
had to be improved across the organization.
Early experience indicated that there was not
a cookbook method where just anyone could
create a valid estimate using the metrics data.
There was a significant learning curve
required, and it was important to have a
working knowledge of the concepts used by
the tools and methodology. It was also
important to be comfortable enough with that
working knowledge to be able to explain the
concepts to the skeptics.
Therefore, the estimating process introduced
a new estimation/metrics specialist role to
the BUCIO organization. This provided the
continuity, experience, backup, and reinforcement of professional skills needed for
sustaining and improving the organizations
corporate memory, metrics, and estimating
focus. SEIs special report, Software Cost
and Schedule Estimating: A Process
Improvement Initiative, states that: In order
for an organization to develop a successful
estimating capability, two or more people
should have standing assignments as estimators.6 The SPI transition plan, prepared
after the initial assessment, agreed with the
SEI view, stating:
Good estimates are the first step
toward successful management of any
project. Estimating specialists should
be chosen and trained to help project
managers develop their estimates.
Because the estimating process can be
complex, and can use a variety of
tools, it is not realistic to expect everyone in the organization to become
expert. A few well-trained specialists can keep current on evolving techniques and can support many project
managers on demand.7

The implementation of metrics and estimating began one project at a time, based on
project need and priority. Results were critical for showing the value of the metrics and
improving the confidence in the data. The
first application was on a multimillion-dollar
project, which was on the BUCIOs top project list. The project was already in the construction phase and needed a new estimate to
determine when it would be completed.
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The project team estimate showed a completion date at the end of the first quarter; however, the metrics data indicated that the size
had grown by more than 50% and that the
defect rate was very high. The estimate
based on this data determined that the project
would not be completed until the fourth
quarter. That estimate did not tell them what
they wanted to hear, so it was initially
ignored. Then, as project tracking metrics
were collected and it was shown that the estimate and the metrics were accurate  the
project did finally complete at the end of the
fourth quarter  this early success helped
build confidence in the estimating and metrics processes, and the project director
helped spread the word. Other successes
were achieved by tracking defects and illustrating their impact on the project results.
This is also when the time, cost, and quality
concept was first introduced with regard to
software project estimates and the tradeoffs
related to achieving business objectives (see
ITMS, March 2000). This early success
using metrics helped to illustrate why
process improvement was needed. As a
byproduct, project teams were more receptive to the other SPI initiatives.

Lessons Learned
SEPG identified items that worked well 
and items that did not work well  with
regard to the SPI effort. There were many
lessons learned regarding establishing a
metrics and estimating capability.
Top 10 Things That Worked Well

1. Developing an SEPG project plan that
clearly stated the mission, and working
that plan
2. Defining roles and responsibilities
designating subject matter experts in

© 2000 Cutter Information Corp. For subscriptions call +1 800 964 5118 or +1 781 641 5118
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KPAs of CMM as well as specialists on
specific processes, which included SEPG
estimation/metrics specialists
3. Having a self-directed team approach
with an IT director serving as SEPG
champion
4. Defining a structure for weekly SEPG
status meetings, monthly SEPG planning
meetings, and monthly BUCIO status
meetings (the SEPG champion also
attended the meetings)
5. Holding individualized workshops for
creating estimates, requirements, project
plans, risk management plans, etc.; these
received good feedback from participants
(project team members)
6. Mentoring and actively participating in
individual projects with SEPG interface
contacts assigned
7. Creating SPI transition plans for
projects, based on early assessment
and benchmark
8. Implementing project-level software
metrics concurrently with SPI
9. Defining and publishing departmental
policy statements related to SPI
10. Having strong visible support for SPI
and metrics from the BUCIO
Top 10 Things That Did Not Work Well

1. Implementing process improvement
when the project managers did not take
ownership
2. Increasing scope of SEPG work (projects) without additional resources
3. Lacking long-term continuity due to
reorganization and outsourcing initiatives
4. Defining approval process for new and
updated processes
5. Inadequate communication with directors
on practitioner training requirements
6. Keeping process documents updated
7. Having SQAs report to a manager within
SEPG who was not a full-time SQA
manager

8

8. Inadequate project status reporting
9. Putting responsibility for implementing
processes on SEPG; this must be a management responsibility
10. Getting project teams and internal customers to believe the metrics data and
to not feel forced into committing to
unrealistic dates (some success, but still
a problem)

Other Lessons Learned Establishing the
Metrics and Estimating Capability
To establish a metrics and estimating capability within a large organization, the estimating and metrics expertise must be
expanded. As described in the section on
overcoming obstacles, it is important to start
with a base of at least one estimation/metrics
expert that has had experience and success
within the organization before expansion.
This expert can be developed inhouse, hired,
or contracted. The following procedures
allow for expanding the estimating process
and metric expertise:
1. The initial expert should be designated as
the SEPG estimation/metrics specialist.
2. A centralized organization should be
established as an adjunct to the SEPG:
the Software Engineering Metrics Group
(SEMG). (See my article in the June
2000 issue of ITMS.)
3. Additional estimation/metrics specialists
should be established within the SEMG
resource pool for performing project estimating and metrics functions.
4. The estimation/metrics specialists in the
SEMG should perform software project
office functions. These functions include
execution of the planning (estimating)
and control (tracking) aspects of the
organizations project management
process. The following three items are
key to successful project planning and
control:
 Commitment to practice: Measurement, estimation, and control get better and better the more you actually
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do them. Theres no substitute for
the real thing.
 A project office SWAT team:
Aggregating the information into a
cohesive picture focuses the practices and helps you coordinate communication. It allows a macro
perspective of what is going on
across the organization and engenders a cross-pollination of what is
working and what is not.
 Independence and neutrality:
It can be a conflict of interest to
have the same people who are
responsible for planning and control
also responsible for the work itself.
Tom DeMarco once said, The dispassionate judgment required to analyze the data and make reasonable
projections is compromised by ego
involvement in performance when
the same people do both.

Conclusion
Specialization, mentoring, active participation, and project prioritization were the key
lessons learned by SEPG. This approach
provided the focus, professional skills, and
maturity needed to establish repeatable
processes, improve productivity, and accomplish estimates.
Projects were prioritized based on where
SEPG and SPI would have the most impact
and visibility, not on where they would do
the least harm. Obstacles were overcome by
developing process specialization and metrics expertise and by working directly with
a limited number of prioritized projects.
This provided the highest probability that
processes and metrics would be used correctly. Early failures would have been detrimental to the acceptance of SPI; therefore,
proper focus was given to each project to
achieve success. SEPG was able to build on
the success and experience gained on each
project. The use of project-level metrics
was extremely important in helping people
understand why SPI was needed, targeting
improvement opportunities, and providing
tangible results for achieving business
objectives.

About the Author
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The High Tech Historian  Historical Data Analysis
Continued from page 1.

Now your boss wants a quantitative status
report of the organizations progress so far.
Your boss asks, Has the cost, cycle time,
and quality of our software development
projects improved?
Over the past two years, you have established a process improvement team and, after
reading the April 2000 issue of ITMS, you
started holding mini-postmortems after every
major software release.1 You collect the
Software Engineering Institutes core measures and some contextual data from each
project.2 The data is stored in a database,
and simple averages are reported periodically
to senior management, but data is not used to
support the decisionmaking process as you
had initially expected. All the articles
youve read on the subject claim massive
benefits for having data, but they dont
explain what to do with it or how to use it to
support business decisions. Now what?
Consider aligning your metrics activities to
business goals and using a more sophisticated analysis technique.

Alignment to Business Goals
ITMS and other IT publications tout the
benefits of alignment to business-level goals.
This is true for hiring decisions, organizational structure, mergers/acquisitions  and
its true for IT metrics. Everything from
chartering a new IT organization to retiring
an application after a long, useful life should
be aligned to the business goals of the organization. If you know why your organization
started a process improvement program and

why historical data is being collected from
the business perspective, your data can be
employed to support better decisionmaking.
Lets assume that one reason your metrics
program was established was to reduce the
cost of software development projects by
10% from the pre-SPI level. You dutifully
collect effort data from projects as they are
completed and now have two years of
records at your disposal. But how can you
quantitatively determine if the cost (effort)
has truly decreased?

Data Analysis 2.0
After a representative sampling of data is
collected, the natural inclination is for the
analyst to compute simple averages.
Although simple averages can be helpful
to understand a process, many times this
technique can lead the analyst astray.
Consider the data in Table 3, which represents the amount of effort (in staff-months)
expended on 30 projects completed pre-SPI.
This group of projects averaged 7.2 staffmonths of effort.
The data in Table 4 represents an additional
30 projects completed after an SPI initiative
was put in place. This group of projects
averaged 6.5 staff-months of effort.
Did the organization truly reduce the cost of
its software development? One might be
tempted to claim a 10% cost improvement,
but a bit more analysis is needed to deterministically confirm these initial findings.

Table 3  Pre-SPI Effort Data
Before SPI

6

4

2

7

4

4

21

11

3

11

18

5

5

9

13

11

2

13

1

6

5

8

3

2

4

9

1

19

5

5

Table 4  Post-SPI Effort Data
After SPI

10

6

4

2

9

5

7

19

11

4

12

15

5

3

5

13

3

3

11

1

5

6

7

1

2

6

6

1

15

4

4
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If these 60 projects make up the entire population (if there were no other projects), you
can answer the question conclusively that
there was a 10% reduction in project cost
over the period.
If, however, these 60 projects represent only
a sampling of all the projects finishing in this
period, you will need a more sophisticated
approach.
You can observe a lot just by
looking.
 Yogi Berra
The first thing to do is to look at the data
graphically. Patterns within columns of data
are not readily visible, but patterns within
data sets allow us to better understand the
effects of the underlying processes. Many
times, a simple histogram can help greatly
(see sidebar, The Magnificent Seven for
additional visual analysis tools). Our two
data sets shown as a superimposed histogram
are illustrated in Figure 3. Edward Tufte

suggests placing related data within one eyespan to enhance understanding.3 The X-axis
shows effort (in staff-months); the Y-axis
shows the number of projects at each effort
level. So, for example, there were five projects that expended five staff-months of effort
before SPI, but only four projects after SPI.
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Alas, inspecting this histogram reveals nothing noteworthy. Both distributions seem to
visibly have the same general shape, central
tendency (mean), and spread (variation).
The histogram is, after all, only a visual tool.
We need a more sensitive instrument to decisively answer our initial question.
Variation Always Is and Always Will Be
Present4
Variation should always be considered when
observing the behavior of a process. Since
every process exhibits inherent variation, an
analysis of means that takes into account
variation should be carried out. There is a
relatively straightforward test designed to

The Magnificent Seven1
A Japanese samurai carried seven tools into battle. After World War II, the Japanese discovered quality
as a philosophy for economic recovery. It is cultural that the leaders of the economic recovery sought
seven tools to accomplish the economic rejuvenation. According to Ishikawa, the seven tools chosen
were:2
1. Check Sheet  used to easily collect data. Decisionmaking and actions are taken from the data.
2. Pareto Chart  defines problems, sets priorities, illustrates the problems detected, and determines
their frequency in the process.
3. Cause-and-Effect Diagram (Fishbone Diagram)  used to figure out any possible causes of a problem. After the major causes are known, the problem can be solved accurately.
4. Histogram  shows a bar chart of accumulated data and provides the easiest way to evaluate the
distribution of data.
5. Scatter Diagram  a graphical tool that plots many data points and shows a pattern of correlation
between two variables.
6. Flow Chart  shows the process step by step and can sometimes identify an unnecessary procedure.
7. Control Chart  provides control limits, which are generally three standard deviations above and below
average, whether or not our process is in control.
The Magnificent Seven are fundamental instruments to improve the quality of products. They are used to
analyze the production process, identify the major problems, control fluctuations of product quality, and
provide solutions to avoid future defects. Statistical literacy is necessary to effectively use these seven
tools. These tools use statistical techniques and knowledge to accumulate data and analyze them.
Adapted from NASA (http://mijuno.larc.nasa.gov/dfc/sot.html) and Iowa State University
(www.public.iastate.edu/~chu_c/course/tqm/t5a.htm) Web sites.

1

Ishikawa, K. Guide to Quality Control. Quality Resources, White Plains New York, 1982.

2
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Histogram of Project Effort
All Projects
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Figure 3  Entire sample set shows indistinguishable improvement.

determine whether there is a statistical difference between the means of two sets of
values, such as our example.
The students t-test is a sophisticated yet simple technique that is used for this purpose.
This test is quite versatile because it allows
for comparison between two sets of data that
could have different variances and different
or small (less than 30) sample sizes. In
addition, one can test for some specific
comparison (e.g., effort improvement was
greater than two staff-months). Many popular statistics and spreadsheet software packages include a t-test function. If none of
these are available, or you simply must
know how it is done, see Montgomery for a
discussion of the equations involved in the
students t-test.5
Table 5 shows the output from one of
Microsoft Excels t-test functions calculated
over our example data above. Before SPI
represents the set of preimprovement effort
values; After SPI is that of the postimprovement effort. The important table values
for this discussion are those in boldface;
namely, t Stat and t Critical one-tail. If
t Stat is larger than t Critical one-tail, then
we can claim that the effort was reduced in a
significant way.
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Make It Real, Or Else Forget About It6
As one can easily see in Table 5, t Stat does
not exceed t Critical one-tail. Therefore, we
cannot make the claim of a decrease in effort
that we previously were tempted to make. In
fact, this test tells us that there is no distinguishable (i.e., statistically significant) difference between pre- and postimprovement
efforts! This is typical when the variation
is large.
Thats great, you say, but that leaves
me with a pointless story to tell. I cant tell
my boss that there is too much variation in
the data to determine if we have improved
or not!

Stratification for Fun and Profit
Another tool from the Magnificent Seven
involves stratifying data into logical subgroups. Many times, logical subgroups
naturally exist within a sample set of data.
For example, a census-taker may want to
separate people of certain age groups or
ethnic backgrounds. This technique helps
to explain that subgroups behavior compared to that of other subgroups or the entire
population.
In our example, it turns out that there are
exactly two types of projects represented in
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Table 5  T-Test for All Projects: No Significant Improvement
T-Test: Two-Sample Assuming Equal
Variances
Before SPI

After SPI

Mean

7.233333

6.5

Variance

28.46092

21.5

30

30

Observations
Pooled Variance

24.98046

Hypothesized Mean Difference

0

Df

58

t Stat

0.56826

P(T<=t) one-tail

0.286026

t Critical one-tail

1.671553

P(T<=t) two-tail

0.572052

t Critical two-tail

2.001716

Table 6  Web-Based Project Effort Data
Web
Before SPI

6

4

2

7

4

4

3

3

5

5

2

1

6

5

8

3

After SPI

4

2

5

4

5

3

5

3

3

1

1

2

6

6

4

4

2

4

9

1

5

5

9

Table 7  Client-Server Project Effort Data
Client/Server
Before SPI

21

11

11

18

13

11

13

19

After SPI

6

9

7

19

11

12

15

5

the sample: Web-based and client-server
projects. We will stratify the samples using
these subgroups and see if there is a significant reduction in the average effort as we did
before stratifying the data.
It just so happens that the Web-based projects tend to require less effort on average
than the more complicated client-server projects. The stratified raw data is shown in
Tables 6 and 7.
Lets look at the histogram of the Web-based
projects to see if any patterns show up.
Again, the data from before and after SPI
appears to have the same shape, central

13

11

6

7

15

tendency, and spread. The students t-test
result reveals that this is indeed true; t Stat is
still smaller than t Critical one-tail (see
Figure 4 and Table 8).
Now lets look at the client-server histogram
(see Figure 5). This time, there seems to be
some difference between the before and after
SPI data samples in terms of central tendency and spread. The students t-test
proves this out; notice the value of t Stat is
now larger than the value of t Critical onetail (see Table 9).
You now have a story to tell your boss. The
client-server projects have indeed shown a
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Histogram of Web-Based Project Effort
Number of Projects
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Figure 4  Web-based projects: indistinguishable improvement.

Table 8  T-Test for Web-Based Projects Show No Significant Improvement
T-Test: Two-Sample Assuming Equal
Variances
Before SPI
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df

14

After SPI

4.478261

3.625

5.26087

2.516667

23

16

4.148355
0
37

t Stat

1.286872

P(T<=t) one-tail

0.103066

t Critical one-tail

1.687094

P(T<=t) two-tail

0.206132

t Critical two-tail

2.02619
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Number of Projects

Histogram of Client-Server Project Effort
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Figure 5  Client-server projects: probable improvement.

Table 9  T-Test for Client-Server Projects Finally Shows Significant Improvement
T-Test: Two-Sample Assuming Equal
Variances
Before SPI
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
Df

After SPI
14.625

10.46154

16.55357

18.26923

8

13

17.63715
0
19

t Stat

2.206213

P(T<=t) one-tail

0.019939

t Critical one-tail

1.729131

P(T<=t) two-tail

0.039878

t Critical two-tail

2.093025
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statistically significant decrease in effort
since the SPI activities. The amount of this
decrease is the difference between the sample means: 4.16 staff-months or about 28%.
Before presenting to your boss, however,
keep in mind that measures such as schedule
and quality should also be analyzed to discover the rest of the story. Client-server
projects may have sacrificed a longer schedule or lower quality to achieve the effort
improvement shown above.

Conclusion
This introductory article discussed how to
determine statistically significant improvements in software development project data.
Using graphical tools like the histogram
helps visualize what is happening in the
underlying process. The use of simple
averages, however, is typically nondeterministic, especially when substantial variation
exists. Finally, the easy-to-use students
t-test demonstrates superior analytic characteristics when comparing two samples from
a data set.
Please try this at home, but when tough
questions arise, seek out a friendly neighborhood statistician for assistance. You just
might avoid an embarrassing moment.
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