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Dr. Richard Waina, Principal 
Many companies have increased productivity, improved quality, have better control of projects, reduced cycle time, and saved costs by using the SEI Capability Maturity Model as a guide for process improvement.  The following is a compilation of data reported by various organizations on the benefits they received from doing process improvements based on the CMM. The data come from presentations at SEI Software Engineering Process Group Conferences, other conferences, and publications such as Crosstalk. Refer any questions to Dick Waina, Multi-Dimensional Maturity, 972-346-3290 dick.waina@mdmaturity.com.

The table on the following pages summarizes the data into the categories of productivity, quality, project control, cycle time and cost savings.  Individual organization data are presented further on.  On average, organizations realize the following kinds of benefits from CMM-based process improvement:



· Productivity improvements of 10% - 50%

· Quality improvements: significantly decreased error rates and field problems, resulting in reduced rework

· Improved ability to plan and control projects, reduced project delays

· Cycle time reductions of 20% -50% 

· Cost savings average 5:1 Return On Investment

In addition, there are intangible benefits such as:

· Fewer overtime hours (which are generally unpaid and often unbooked)

· More stable work environment 

· Improved working conditions

· Improved quality of work life

· Improved employee morale

· Reduced employee turnover 


· Improved management of project risk

· Improved customer satisfaction

· Better company image

The basic message to be gained is that process improvement enhances competitiveness and profitability. Companies which do not aggressively pursue improvement risk being left behind. 

According to Howard Rubin, “The ‘best’ are 200x more productive and are producing  products of 100x higher quality than the average performer.”  They are also getting better faster than other organizations are improving.  This means that the “non-best” organizations are falling behind faster and faster. 

Company
Productivity
Quality
Project Control
Cycle Time
Cost Savings

General Dynamics Decision Systems (2002)
Level 2 – 1x

Level 3 – 2x

Level 4 – 1.9x

Level 5 – 2.9x
Level 2 – 3.2 defects/KSLOC

Level 3 – 0.9

Level 4 – 0.22

Level 5 – 0.19


ROI:

Level 2 -> Level 3: 167% 

Level 3 -> Level 4: 109%

Level 4 -> Level 5: 14%

Raytheon Missile Systems Company (2000)
144% over four years
Fewer defects

Reduced cycle time
ROI of 6:1

CIGNA/EDS Production Application Center (1999)
Employee satisfaction improved; overall score is 5.7 - 4.0 is average


17 of 20 customer service level agreements reported increased satisfaction; average was significantly > 4.0
25% saving over 2 years

Master Systems: data for a typical 200,000 LOC development project (1999)
Level 1:  600 person-months

Level 2: 143

Level 3: 80
Level 1: 61 defects shipped

Level 2: 12

Level 3: 7

Level 1: 30 months

Level 2: 18.5

Level 3: 15
Level 1: $5.5 million median cost

Level 2: $1.3 million

Level 3: $728,000

EDS: Central Metrics Team Report, Aug 1998
Function Point delivery rate 

Level 2: 21.2/mm

Level 1: 16.3/mm

Improved predictability of effort and possibly schedule



CIGNA/EDS Production Application Center (1998) (Level 2)
Maintenance Scope increased from 1215 to 3077 FPs per full time equiv.
Availability of critical deliverables improved 38% over baseline
Percentage of requests meeting target dates improved 17% over baseline
Service Levels improved 23% over baselines
12% decrease in spending for base applications;

Clark study of 112 projects (1998)
 



Effort reduced 15-21% per CMM Level

Boeing (1998)




Defect program added 4% to project cost, saved 31% in rework, for ROI of 7.75 to 1

Bellcore (1998)

reduction in defects from 48/KFP (1000 Function Points) to approximately 8/KFP
customer satisfaction increased from 60% to 91%

dramatic decrease in maintenance costs

Litton PRC (1998)

51% improvement on incident closures


63% reduction in employee turnover

EDS Wireless Resource Center (1998)

0.9 increase in CSI,   51% decrease in defects
0.5 increase in ESI

.

Motorola GED (1997)
Level 2 - 1.0

Level 3 - 0.8

Level 4 - 2.3

Level 5 - 2.8
Level 2 - 890

Level 3 - 411

Level 4 - 205

Level 5 - 126

(defects/106 AELOC)

Level 1 - 1.0 (x factor)
Level 2 - 3.2

Level 3 - 2.7

Level 4 - 5.0

Level 5 - 7.8


EDS Manufacturing Service Center  (1997)

Quality improved, resulting in less rework
8 out of 10 projects delivered on time and within budget



EDS Combat Ammunition Systems Account

(1996)

S Severe defects during FQT went from 13 to 0;


Incorrect reqts during FQT 29% less;

Number of errors found during FQT/QT&E-I were 57% less



Head count on Block IIIA 3 less compared to Block III;

Hours expended 12 % less

Hewlett-Packard (1996)

Unresolved customer/ field problems dropped from  6.5 to 1.
Reduce project delay from  9.5 mo. to 
    0.7 mo.
Reduce product cycle time from  22.5 mo. to 10.0 mo.
Investment in CMM improvement -
$250K; Estimated reduction in operating costs
- $2x106

Motorola (1996)
3x  improvement
7x  improvement

3x improvement


IBM Toronto Labs (1996)
Increased 240%
Reduced error rates from 1.0 to 0.1 per KLOC


Reduced rework by 80%

Motorola India Electronics Company (1996)
Increased productivity 3.5 X going from Level 3 to Level 5
50% of released software had no  defects;

30 defects per MLOC, vs. industry average of 1000 defects per MLOC




Raytheon Equipment Division (1996)
Increased productivity 190% over  eight years (delivered SLOC per person-month)
Defect density decreased from 17.2 trouble reports per KLOC to 4.0
Cost performance index improved from 40% overrun to ( 3%

Rework costs dropped from 41% to 20% of project cost;

ROI: 7.7 in 1990, 5.8 annual average 

Flowe & Thordahl (1995) 


Higher maturity organizations are less likely to have cost or schedule overruns.



SAIC (Health Care Group) (1996)
increased 12%/year
Alpha site error rate dropped 90%;

Post-release defects dropped 57%

Decreased 46%
Cost per KLOC dropped 29%



Motorola Cellular Infrastructure Group (1995)
2x increase

39% improvement in meeting schedules;

41% increase in customer satisfaction
15x reduction in customer-reported problems
Cost avoidance due to using inspections: $45M over 3.5 years

SEI Industry Analysis (1994)
( 35% (9%-67%)

Pre-test defect detection ( 22%  (6%-25%);

Field error reports

( 39% (10%-94%)

Time to market 

( 19% (15%-23%)


Return on Investment - 5.0:1 (4:1 - 8.8:1)



Texas Instruments;

Level 2 in 1992, Level 3 in 1994
2x productivity gain


37 % reduction
Cost per SLOC: from Project A - $10.20 to Project B - $3.60

TI  Commercial (1994)



33% reduction
48x reduction in defect fix time

Oklahoma City Air Logistics Center, Tinker AFB (1994)




$4.8 million (primarily cost avoidance) on investment of $1.07 million; 

Honeywell (Phoenix, Az) (1994)



50% reduction in defective fixes;

Customer-reported defects decreased about 7-10%/year, 1990-1993.





Savings from inspections: $1.2 million, requirements/ design documents;

$2.3 million, code;

ROI estimated at 4:1

Schlumberger (1993)

Defects/KLOC:        from 0.22 to 0.13; 

Delivered defects:    from 25% to 10%
On-time deliveries:  from 51% to 94%;

On-time deliveries:  from 50% to 99%



Hughes Aircraft Company Software Engineering Division (1992)

Defects found during coding (as opposed to later) increased from 20% to 80%


$2,000,000 annual reduction in cost overruns;

4.5x ROI

NASA Onboard Space Shuttle Software Project
3x  increase
100x reduction in delivered error rate




General Dynamics Decision Systems (reported in Crosstalk, March 2002) noted the improvement trends shown in the table below. Return on Investment was calculated at: Level 2- Level 3: 167%; 

Level 3-Level 4: 109%;  Level 4-Level 5: 14%

SEI CMM Level


Percent Rework


Phase Containment Effectiveness
CRUD Density per KSLOC
Productivity (relative)

2
23.2 %
25.5%
3.2
1x

3
14.3 %
41.5 %
0.9
2x

4
9.5 %
62.3 %
0.22
1.9x

5
6.8 %
87.3 %
0.19
2.9x

Raytheon Missile Systems Company (reported at Software Technology Conference, 2000, by Wally Pipp) Productivity improved 144% (i.e., from 1.0 to 2.44) over a four year period (1995-1998). The Return On Investment was calculated at 6:1 (144% improvement, 24% process improvement cost). Fewer defects and reduced cycle time were also observed.  Additional payback is expected at Level 5 since there is a greater focus on preventing costly defects from being inserted.
CIGNA/EDS Production Application Center (reported at SEPG Conference, 1998 and 1999) Function Point Maintenance Scope improved from 1215 to 3077 function points per full time equivalent as the organization moved from Level 1 to Level 2 (attained CMM Level 2, Dec ’97)

Costs:  Overall decrease in spending for base applications of 12%

Reliability:  Availability of critical deliverables improved 38% over baseline

Delivery: Percentage of requests meeting target dates improved 17% over baseline

Master Systems, Inc. (Data reported by Giga Information Group, May 28, 1999)  

For a typical 200,000 LOC development project (based on data from 1300 completed projects):

CMM Level
Calendar Months
Level of Effort
Defects Shipped
Median Cost
Lowest Cost
Highest Cost

Level 1
30
600 person-months
61
$5.5 million
$1.8 million
$100 million +

Level 2
18.5
143
12
$1.3 million
$960,000
$1.7 million

Level 3
15
80
7
$728,000
$518,000
$933,000

EDS Technology & Engineering Solution Centers - Americas (Central Metrics Team Report, August 1998) Function Point Delivery Rate for Level 2 org’s is 21.2 per 130 effort-hrs, compared to 16.3 for Level 1 org’s, a 30% difference.  Effort predictability tends to be greater (decreased variance) for Level 2 org’s. Schedule estimation seems to be improving over  time across all sites. 

Effects of Maturity on Software Effort  (Bradford Clark, Univ. of Southern California - reported at  1998 SEPG Conference)   Clark created a formula and used regression analysis to determine how much effort is reduced as companies progress up the SEI CMM maturity ladder.  He collected data from 112 projects.  Using his mathematical models, he concluded that Software Process Maturity was a significant factor (95% confidence level) affecting software development effort.  After normalizing for the effects of other  influences on effort, a one level increment change in maturity level resulted in a 15% - 21%  reduction in effort.    An interesting side note is that Personal Capacity (people) has an even stronger influence than effort.  This supports the notion that you can have great processes, but if you do not have teams that work well together little benefit is derived.  Improvement in the People CMM capabilities will greatly enhance the benefits derived by improving in the Software CMM.

Boeing (SEPG Conference 1998) Defect program added 4% to project cost, saved 31% in rework, for ROI of 7.75 to 1.  Benefits of Software Process Improvement were small at Level 2, more at Level 3, major benefits at Levels 4 and 5.

Bellcore (SEPG Conference 1998) Results (over a 5 year period) of their Process Improvement efforts were a reduction in defects from 48/KFP (1000 Function Points) to approximately 8/KFP, increase in customer satisfaction from 60% to 91%, and a dramatic decrease in maintenance costs.

Litton PRC (SEPG Conference 1998) Some of the results of their quality and process improvement efforts were: CMM level 1 to level 3 in 3 years, 63% reduction in employee turnover , 95% decrease in year end closing, 51% improvement on incident closures. Organization has a 4% attrition rate, down from 40%.

EDS Wireless Resource Center (SEPG Conference 1998) Developed The Project Model which merged methodologies, processes, & CMM Guidelines into a single strategic approach for improving the business.  Results to date include .9 increase in CSI, .5 increase in ESI, and a 51% decrease in defects.

Motorola Government Electronics Division (reported in IEEE Software, Sep/Oct 1997)  Table 1 summarizes the improvement trends for quality, cycle time and productivity by SEI level (based on project internal self-assessments).

SEI CMM Level
Number of Projects
In-Process Defects/ Million Assy-Equiv. Lines of Code
Cycle Time

 (x factor)*
Productivity (relative)

1
3
n/a
1.0
n/a

2
9
890
3.2
1.0

3
5
411
2.7
0.8

4
8
205
5.0
2.3

5
9
126
7.8
2.8









*Larger x factor indicates shorter cycle time

EDS Manufacturing Service Center (reported during January 1997 assessment)


Quality improved, resulting in less rework



8 out of 10 projects delivered on time and within budget

EDS Combat Ammunition Systems Account (reported during March 1996 assessment)




           

 Block III
          Block IIIA


Severe defects during FQT
    13


zero



Incorrect reqts during FQT*



29% less



Number of errors found 




57% less

   

   during FQT/QT&E-I 



Head count





3 less



Hours expended





12 % less



Night/weekend work

   3 months

3 weeks



  *  Cause the most rework

Hewlett-Packard (reported by Doug Lowe, 1996 SEPG Conference)







1994 Average

1995 Average

Reduced product cycle time

   22.5 mo.

  10.0 mo.


Reduced project delay/slip

    9.5 mo.

    0.7 mo.


#  major features added/improved
        4


        6.1


Unresolved customer/field problems
      6.5


        1.4



Investment in CMM improvement
$250K


         -


Estimated reduction in operating costs
      -


$2 million

Motorola Inc. (presented by John Major, Sr VP, at 1996 SEPG Conference)


How far have we come since 1992?



>75% of product development teams are at Level 3 and above



Approaching 7x software quality improvement



3x productivity improvement



3x software cycle time improvement



Major improvement components are:




 rigorous inspections,




metrics-based project management, 




controlled software release process.

Additional improvements planned: 2x cycle time reduction, 10x quality improvement

IBM Toronto Labs (reported by Marilyn Bush, 1996 SEPG Conference)


Took 40 person-years to prepare for ISO certification


ISO efforts imposed discipline and consistency in process


Reduced error rates from 1.0 to 0.1 per KLOC


Increased productivity by 240%; reduced rework by 80%
Motorola India Electronics Company: (reported at 1996 SEPG Conference)


Began operation in 1991 as Level 3 company, now Level 5;  delivered 2 MLOC in 3 years


Post-release quality: 50% of software had no known defects


Defect levels at 30 defects per MLOC, vs. industry average of 1000 defects per MLOC


Increased productivity 3.5 X going from Level 3 to Level 5.

Raytheon Equipment Division: (1996)


Level 1 in 1988, Level 2 in 1990, Level 3 in 1992; invested $1 million per year


Reduced cost of quality over 4.5 years, $15.8 million


Testing effort reduced 2x


Defect correction in integration test reduced 5x


Defect density decreased from 17.2 trouble reports per KLOC to 4.0



Increased productivity 190% in eight years



ROI: 7.7 in 1990, 5.8 annual average since then

Change in development costs:        Perform
Nonconform.
Appraise
Prevent



1988
     34%

    41%

    15%

   7%




1990
     55%

    18%

    15%

  12%




1992


    11%

Improved Project Control: General Industry Performance (reported in CrossTalk, Sep 1995)
Flowe and Thordahl, while at the Air Force Institute of Technology, did a correlational study of CMM ratings and software development performance on DOD contracts.  They reviewed 52 projects which had received SEI ratings.  The two figures show improvements in both cost and schedule performance for higher maturity organizations.  Specifically, higher maturity organizations were less likely to have cost overruns (CPI < 1.0) or schedule overruns (SPI < 1.0);  further, the Level 3 organizations had a greater degree of predictability of cost and schedule (1.0 = perfect prediction).  [CPI = budgeted cost of work performed/ actual cost of work performed;  SPI = budgeted cost of work performed/budgeted cost of work scheduled]
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Figure 1. Cost Performance


Figure 2.  Schedule Performance

SAIC (Health Care Group)   (reported by Jo Anne Lane, 1996 SEPG conference)


Cost per KLOC dropped 29%


Cycle time dropped 46%


Alpha site error rate dropped 90%


Post-release defects dropped 57%


Productivity increased 12%/year

Motorola Cellular Infrastructure Group (1995) (Fagan paper, 1996 SEPG conference)

     Implemented Fagan inspections:


Assessed at Level 3


15x reduction in customer-reported problems


2x increase in productivity


39% improvement in meeting schedules


41% increase in customer satisfaction


Cost avoidance due to using inspections: $45M over 3.5 years.

SEI Industry Analysis: (change per year) (source: CMU/SEI-94-TR-13, August 1994)

Benefit
Nr. Of Companies
Median
Range

Productivity Growth
4
( 35%
9%-67%

Pre-test Defect Detection
3
( 22%
6%-25%

Time to Market
2
( 19%
15%-23%

Field Error Reports
5
( 39%
10%-94%

Return on Investment
5
5.0:1
4:1 - 8.8:1

SPI $/Programmer
5
$1375
$490-2004

Texas Instruments Software Engineering Process (also reported in CMU/SEI-94-TR-13)


Initiated in 1989: Level 2 in 1992, Level 3 in 1994


37 % reduction in cycle time


2x productivity gain


Reduction in cost per SLOC: from Project A - $10.20 to Project B - $3.60

     Commercial business early results:


33% reduction in cycle time


48x reduction in defect fix time (achieved using inspections as opposed to code/unit testing)

Oklahoma City Air Logistics Center, Tinker Air Force Base  (reported in CMU/SEI-94-TR-13)

Started process improvement in 1989: have invested $1.07 million


Estimated savings are $4.8 million (primarily cost avoidance, such as rework)

Honeywell (Phoenix, Az) (reported in SEI-94-TR-13)


Savings realized from inspections: $1.2 million, requirements/design documents; 



$2.3 million, code


50% reduction in defective fixes


Customer-reported defects decreased about 7-10%/year, 1990-1993.


ROI estimated at 4:1

Schlumberger:  (started in 1990)  (also reported in CMU/SEI-94-TR-13)






1990

1991

1992

Org 1:  On-time Deliveries
51%

89%

94%






1990

1991

1992

Org 2: On-time Deliveries
50%

87%

99%




           Defects/KLOC

0.22



0.13






1990

1991

1992

Org 3: Delivered defects
25%

18%

10%

Hughes Aircraft Company Software Engineering Division: (also reported in CMU/SEI-94-TR-13)



Level 2 in 1987, Level 3 in 1990; invested $400k in process improvement



$2,000,000 annual reduction in cost overruns



4.5x return on investment


Defects found during coding (as opposed to later) increased from 20% to 80%
NASA Onboard Space Shuttle Software Project


Has attributes of Level 5 organization


Spend 17% of budget in development, 25% in test


Software is certified to be safety-defect free


Major effort on inspections, defect prevention


Organization experienced 3x productivity increase, 100x reduction in delivered error rate


80-90% of defects now being found were introduced in 1980-1990

Relative Cost to Fix a Defect (Tim Olson, 1996 SEPG Conference, quoting Gilb, 1993)

Requirements/Design   - 1
(55% of errors introduced in definition per Boehm 1989)


Integration Test
          -
10
(40% of errors introduced during development)


Post-release
         - 100
(5% of errors introduced during maintenance)

Inspection Success Stories (Tim Olson, 1996 SEPG Conference)


IBM (Fagan 1976, Fagan 1986, Ebenau 1994)



82% of defects found before test phase



Inspections found 60-90% of defects



Productivity doubled



Shortened development process by 10-25%


NASA Houston Onboard Flight Software (Billings 1994)



85% of defects found before test phase



Current product defect rate is .01 per KSLOC


Jet Propulsion Lab (Ebenau 1994)



Inspections found 75-90% of all defects



Estimated $7.5 million saved



Corrective action reduced up to 90%



Each inspection saves $25,000 average


Hewlett-Packard (Grady 1992)



Achieves 10:1 ROI using software inspections


World-Class Inspection Benchmarks



80-90% of defects removed before test



Average cost/inspection $2500;  average savings $25,000



Post-release defect rate - .01/KSLOC



ROI - 7:1 - 12:1

Rework as a % of Development Effort (Curtis, 1996 SEPG Conference)


TRW


30%
(Boehm, 1987)


NASA-SEL

40%
(McGarry, 1987)


Hewlett-Packard
33%
(Duncker, 1992)


Raytheon

44%
(Dion, 1993)

Time to Increase Maturity Levels 


Level 1 to Level 2: average 26 months, range 18-36 months


Level 2 to Level 3:  average 17 months, range 12-20 months

Marilyn Bush reported that Sodalia S.p.A., Trento, Italy, implemented a joint ISO 9000 certification/ CMM improvement program, and achieved both ISO certification and CMM Level 2 in 11 months.







