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Objective of this short lecture is ɖ

To give you a flavor on implementation of CMMI 
High Maturity : 
- recent developments in SEI on CMMI High 
Maturity appraisal;  
- discussion on a metrics program that can 
support L4 and L5 requirements; 
- how to apply SPC (statistical process control) 
and other statistics in (software) development 
process (over 90% of the talk);
- process performance baselines and process 
performance models.

You do not need to be know CMMI to understand 
most contents discussed.
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Background 

ÁWell over 100 SCAMPI v1.1 appraisals have resulted in 

maturity level 4 and 5 (ML4-5) ratings. 

ÁHigh maturity and capability concepts and practices 

often are not well understood, even by Lead Appraisers 

and CMMI instructors.

ÁStarting with SCAMPI v1.2, Lead Appraisers must be 

certified before they can conduct a SCAMPI Class A 

appraisal for an organization targeting a ML4-5 or CL4-5 

rating.

From SEI High Maturity Workshop

March, 2007 at Fullerton
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High Maturity Is Not Management by 

Rear-View Mirror - SEI

Á Many uses of measurement at 

ML1-3 and CL1-3 are purely 

retrospective:

Ŀdo we know where we are 

(actual vs. plan)?

Ŀdo we know what corrective 

action to take?

Á It is difficult to use these types 

of measurement results to 

answer the questions ñWill we 

be successful?ò and ñWhat if we 

were to do something 

different?ò
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High Maturity Is Management with a 

Navigation System - SEI
Á Measurement is used routinely by 

those who are proactive:

ĿAre we confident we know where 

we are, where we are going, and 

our performance outcomes 

(quantitative understanding)?

ĿDo we understand variation?

Á Use measurement results to answer 

the questions ñWill we be 

successful?,ò ñAre our customer 

expectations and what we are 

capable of doing aligned?,ò and 

ñWhat if we were to do something 

different?ò 
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Sample Requirements Volatility Report

Totals Sep-00 Oct-00 Nov-00 Dec-00 Jan-01 Feb-01 Mar-01 Apr-01 May-01 Jun-01 Jul-01 Aug-01 Sep-01

Total # of Requirements 1100 1101 1004 1004 997 999 1006 1006 1006 1002 1011 1007 1007

# of Reqts Added 7 5 0 0 3 2 7 0 0 0 14 0 0

# of Reqts Modified 1 8 0 15 0 1 10 5 0 0 0 3 0

# of Reqts Deleted 8 4 97 0 10 0 0 0 0 4 5 4 0

Total # Reqts changed 16 17 97 15 13 3 17 5 0 4 19 7 0

% Requirement Volatility 1.45% 1.55% 8.81% 1.49% 1.29% 0.30% 1.70% 0.50% 0.00% 0.40% 1.90% 0.69% 0.00%

Org Volatility Baseline 8.14% 5.76% 5.76% 5.76% 5.76% 5.76% 5.76% 0.65% 0.65% 0.65% 0.65% 0.65% 0.65%

Upper Tolerance (+10%) 8.95% 6.34% 6.34% 6.34% 6.34% 6.34% 6.34% 0.72% 0.72% 0.72% 0.72% 0.72% 0.72%

Lower Tolerance (-10%) 7.33% 5.18% 5.18% 5.18% 5.18% 5.18% 5.18% 0.59% 0.59% 0.59% 0.59% 0.59% 0.59%
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Customer requested deletion 

of these requirements.  ECP-

029 cost/schedule in 

negotiation

New functionality added.  

ECP-030 being generated, 

schedule relief of 2 weeks 

needed
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High Maturity =>Standardization

Defined, standardized processes

Common measures and historical data

Å operational definitions in terms of the

standardized process

Data analysis tools, e.g., trend charts, Pareto 

charts, control charts, prediction intervals
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High Maturity => Understanding

An understanding of what business the

organization is in

Å projects aligned with strategic

business plans

Product assets, e.g., product lines, product

families, systematic reuse
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High Maturity => Insight
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Reasons for Measuring

Characterize ïto gain understanding of processes,

products, resources, and environments and to

establish baselines for comparison with future

Assessments

Evaluate ïto determine status with respect to plans

Predict ïso that we can plan; involves understanding

Relationships

Improve ïidentify roadblocks, root causes,

inefficiencies, and other opportunities for improving

product quality and process performance
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Useful Guidelines (HP)

Á Projects invest about 18% of their total effort during 

specification/requirements (about 19% during design, 34% during 

coding, and 29% during test) -+10%.

Á 50 ï75% of all design errors can be found with inspections.

Á An average project delivers about 350 NCSS per engineering month.

Á Project created primarily from reused software experience only 

about one third the defect density of those are new. 

Á We spend about 2-3 times as much effort maintaining and 

enhancing software as we spend creating new software.

Á You will find about one defect postrelease for every ten defects that 

you find prerelease during test.

Question: Any statistical approach to justify the claims?

Dr. Bin Cong 12
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The evolution of measures

Á Maturity level 1

ĿPerhaps no more than schedule and budget

Á Maturity level 2

Ŀé some processes are planned, performed, measured, 
and controlled.

ĿMeasures are linked to measurement objectives.

ĿThe data resulting from level 2 is ñyoungò.

ĿData usage is comparing planned to actual.

ĿWhen to take action is based on ñfeelò.
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The evolution of measures

Á Maturity level 3

ĿProcesses are fully defined, and the likelihood of adherence to 

them is greater.

ĿThe data resulting from level 3 is more mature and consistent.

ĿProcess needs and objectives for the org. are established.

ĿData usage is still limited to comparing planned to actual, 

although the graphics, tools, and presentation formats may be 

more sophisticated.

ĿWhen to take action is still based on ñfeelò.

ĿProject planning is enhanced by ñtried outò templates, tools, 
and processes.
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The evolution of measures

Á Maturity level 4

ĿProcesses are fully defined, and the likelihood of adherence to 

them is greater.

ĿThe data resulting from level 3 is more mature, consistent, and 

there is a history of data to work with.

ĿQuantitative objectives for quality and process performance are 

established for the organization.

ĿWhen to take action is based on statistical indicators for some 

metrics, moving beyond management by feel.

Ŀ Project planning is enhanced by the organization supplying 

projects with succinct process capability measures and models.
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The evolution of measures

Á Maturity level 5

ĿProjects take advantage of the organizationôs active 
search and testing of tools, processes, and measures for 
their use.

ĿProjects and the organization have the ability to find the 
root cause of defects and take action. 

ĿThe organization must be able to measure the effects of 
deployed process and technology improvements.

ĿAs well as evaluate the effects of changes on process 
performance.

ĿSome processes are improved, after they are brought 
under control.
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Evolution of an Estimate from L1 to L5 ïSEI example 

Level Estimate

1 42

2

3

4

5

42

42

42

32



18CRS Tech Dr. Bin Cong 18

Process Thinking

ÁEvery Defect/Problem is also an IMPROVEMENT 

OPPORTUNITY.

ÁThis is why over 80% staffs daily work involves 

Process improvement in a L5 org.
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Defects and Problems are Opportunities

ÁDiscovering that a process is out of control is 

not a terrible event. It should not be hidden from 

supervisors, managers, auditors, quality control 

experts, or, most important, customers. In a 

sense, it is an event that should be celebrated 

because it gives the process owner an 

opportunity to improve the process.

Á - Robert Hoyer & Wayne Ellis 1996
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Fundamental Axioms of Statistical Thinking 

- SEI
ÁAll product development and services are a 

series of interconnected processes.

ÁAll processes are variable.

ÁUnderstanding variation is the basis for 

management by fact and systematic improvement:

Ŀunderstand the pastïquantitatively

Ŀcontrol the presentïquantitatively

Ŀpredict the futureïquantitatively
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Example: Gender Choice ïStatistical Thinking

Á Gender Choice, according to advertising claims, allowed 

couples to ñincrease your chances of having a girl up to 

80.ò Using common sense and no formal statistical 

methods, what should we conclude about the 

effectiveness of Gender Choice if the 100 babies include

a. 52 girls?

b. 97 girls?
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Á A collection of methods for 

planning studies and experiments, 

obtaining data, and then organizing, 

summarizing, presenting, 

analyzing, interpreting, and drawing 

conclusions based on the data.

Statistics
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Key Concept

The subject of statistics is largely about using 

sample data to make inferences (or 

generalizations) about an entire population.  It 

is essential to know and understand the 

definitions that follow.
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Examples of Statistical Methods:

ÁStatistical Process Control

ÁHypothesis Testing

ÁRegression

ÁMultinomial Experiments

ÁANOVA

Áé é
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Misuses of Statistics

ÁFigures donôt lie; liars figure.

ÁStatistics can be used to support anything ï

especially statisticians.

Sources of deception:

1. Evil intent on the part of dishonest persons.

2. Unintentional errors on the part of people who 

donôt know any better.
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Misuse # 1- Bad Samples

×Voluntary response sample

Á (or self-selected sample)

one in which the respondents themselves decide 

whether to be included

Á In this case, valid conclusions can be 

made only about the specific group of 

people who agree to participate.
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Which poll result you trust more?
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Misuse # 2- Small Samples

Conclusions should not be based on 

samples that are far too small.  

Example:  Basing a school suspension rate 

on a sample of only three students
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To correctly interpret a graph, you must analyze the numerical 

information given in the graph, so as not to be misled by the 

graphôs shape.

Misuse # 3- Graphs
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Part (b) is designed to exaggerate the difference by increasing 

each dimension in proportion to the actual amounts of oil 

consumption.

Misuse # 4- Pictographs
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We have to understand the fundamentals first! 
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Data Types - Levels of Measurement

× Nominal - categories only

× Ordinal - categories with some order

× Interval - differences but no natural 

starting point

× Ratio - differences and a natural starting 

point
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Some Important Characteristics of Data

Å Center: a representative or average value that indicates 

where the middle of the data set is located. (mean, 

median, mode)

Å Variation: a measure of the amount that the values vary 

among themselves (standard deviation, range)

Å Distribution: the nature or shape of the distribution of 

the data (such as bell-shaped, uniform, or skewed)

Å Outliers: sample values that lie very far away from the 

vast majority of the other sample values (focus of the 

study)

Å Time: changing characteristics of the data over time
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Where Do Measurement Data Errors Come From? 

-1
Á Differing operational definitions

ĿProject duration, defect severity or type, LOC definition

Á Double duty

ĿEffort data collection is owned by accounting not project 

management

ĿOvertime is not tracked.

ĿEffort is tracked only to highest level of the WBS.

Á Lack of rigor

ĿMeasurement system skips problem areas (e.g., unhappy 

customers are not surveyed)

ĿMeasuring one thing and passing it off as another

ĿGuessing rather than measuring




