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TO REDUCE DEFECT IN SOFTWARE 

DEVELOPMENT:  

A SIX SIGMA APPROACH 

 

Abstract: This paper describes how application of Six 

Sigma was beneficial to reduce Defect in Software 

Development. The overall performance was improved by 

more than 40% after application of Six Sigma in Software 

Development Process.  
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1. INTRODUCTION  
 

Motorola developed much of six sigma 

methodology in the year 1980. Motorola was 

putted large number of transistors into their 

electronic devices and every transistor had to 

work or the otherwise failed. So Motorola 

decided they needed a tighter quality criteria 

based on defects per million rather than 

traditional defect –per-thousand measure [1]. 

The initial quality goal for six sigma 

methodology was no more three defects per 

million parts.  

Then in 1990s, Jack Welch, CEO of 

General Electric, popularized sis sigma by 

dictating its use across the whole of GE. The 

resultant profit and quality gains GE touted 

caused six sigma to be implemented in many 

large corporations. The six sigma generated 

savings claimed are $16 billion at Motorola, 

$800 million at Allied Signal, and $12 billion at 

GE in its first years of use [2].  

A six Sigma project typically begins with 

a high-level definition of a process using a 

diagram to specify the process boundaries, 

inputs, outputs, customers and requirements. In 

measure phase, a process metric is selected and 

used to baseline the current performance of the 

process. In the analysis phase, the process is 

analyzed, usually with a process map and a 

failure modes and effects analysis (FMEA), but 

may include other types of analysis. The 

process map shows each process step with its 

inputs and provides the basis for either an 

FMEA or quantitative, usually statistical 

analysis. Areas for improvement [3,4] are 

pinpointed and alternatives are generated and 

evaluated. 

 

Table 1. DMAIC method for process 

improvement 

Phase  Steps 

Define Identify the opportunity and 

define a project to address it. 

Measure Analyze the current process and 

specify the desired outcome. 

Analyze Identify the root cause and 

proposed solution. 

Improve Prioritize solutions; select, Plan, 

validate and implement a 

solution. 

Control Develop a plan for measuring 

progress and maintaining gains. 

 

Once an improvement option is selected 

and implemented, the project enters the control 

phase in this phase, a plan is established for 

monitoring and controlling the process to 

ensure that gains are maintained [5]. 

Functional support areas such as finance, 

accounting, marketing, human resources, 

procurement, and retail, however, has generally 

not kept pace with manufacturing in 

implementing Six Sigma programs. In part, this 

is due to the rigorous statistical requirements of 
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applications [6, 7] that were considered too 

difficult to be applied within other functional 

areas or to predominantly service organizations. 

This paper presents a case study of Six 

Sigma as practice to reduce bug from the 

Software Development process.  

 

 

2. BACKGROUND OF THE PROJECT    
 

ABC is a software development company, 

it provide Java Based Financial Solutions to its 

clients around the globe.  

An initiative was taken by the 

management to improve the customer 

satisfaction by reducing the number of post-

delivery defects. 

One Six Sigma project, following DMAIC 

methodology was initiated to address the issue 

[8]. 

 

 

3. PROJECT PHASES 
 

3.1 Define Phase 

 

Objectives of the define phase were: 

1. To find out the baseline performance  

2. To represent the present marketing process 

through SIPOC  

3. To develop an activity chart for the project  

Problem Statement: ABC, A software 

development company, develops business 

solutions in several critical domain, where 

presence of a defect can lead to a trillion of 

losses for clients.  

It was observed that, in last few deliveries 

clients identified few critical bugs missed by 

the testing team. It had negative impact on the 

reputation of the organization and the 

organization wanted to improve the existing 

QA process to eliminate bugs. 

Project Charter:  It was decided to 

introduce a Six Sigma process which will 

reduce the bug from the software delivery 

system by continual process improvement. 

Starting from the 1st quarter a target was 

set for reducing bad fixes by 40%, there by 

savings of 200 man hours of work and 

associated effort like management, retesting, 

configuration management and release which 

automatically increase customer satisfaction 

and financial benefit. 

A cross functional project team consisting 

of seven members was formed keeping one 

faculty (Six Sigma Black Belt) as leader of the 

project to complete the project. The process 

diagram (SIPOC) was prepared and is 

represented in the Table 2.  

 

Table 2. SIPOC  

S I P O C 

Development 

Team 

Requirement 

A1.0 

Development Build V1.0 Testing Team 

Testing Team Build V1.0 Testing Bug Report Development 

Team 

Development 

Team 

Bug Report Bug Fix Build V2.0 Testing Team 

Testing Team Build V2.0 Testing Revised Test 

Report 

Development 

Team 

 

The activity chart is given in the Table 3. 

Table 3. Activity Chart 

Sly No# Activity Planned Start 

Date 

Planned End 

Date 

Activity Start 

Date 

Activity End 

Date 

1 Define 4th May 2014 20th May 2014 4thMay 2014 18th May 2014 

2 Measure 20th May 2014 14th June 2014 19thMay 2014 8th June 2014 

3 Analyze 20th June 2014 30th June 2014 9thJune 2014 24th June 2014 

4 Improve 1st July 2014 28th Sept 2014 25thJune 2014 10th Sept 2014 

5 Control 30th Sept 2014 15th Dec 2014 11th Sept 2014 28th Dec 2014 
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3.2 Measure Phase  

 

Objectives of the “Measure Phase” were: 

1. To prepare a data collection plan  

2. To find out the baseline performance 

 

 

In the measure phase, the process map was 

refined. Each process step was detailed and the 

inputs ware categorized. Both off shore and 

onshore teams made an initial assessment of 

critical inputs and it is represented in the defect 

fixing process map is given in the Table 4.  

Table 4. Process Map for defect fixing process 

 
 

Base Line Performance: Following 

information were collected during the data 

collection phase.                         

No of test case = 2484 

No of Bug identified = 359 

The Defect per Million Opportunity is derived 

as (DPMO) = 143600 

Current Sigma level (Short Turn and Long 

Turn) is given as. 

Zst = 2.912 

Zlt= 1.1874 

As the target is taken to improve the system by  

40%. So the Target Zst and Zlt are given below. 

Target Zst = 4.0768 

 

Target Zlt= 1.6618 

 

3.3 Analysis Phase  

 

Objectives of the “Analysis Phase” were:  

1. To analyze the collected data  

2. To find out the vital few contributor from 

the trivial many  

3. To find out the root causes of the problem  

A brain storming session was held to find 

out the probable causes and a Fishbone diagram 

(Figure 1) was prepared to find out the root 

cause of the problem.  
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Figure 1 - Fish Bone Diagram 

 

The error categories were summarized 

(Table 5) and a Pareto Diagram (Figure 2) was 

prepared to find-out vital few form trivial 

many.  

 

Table 5. Summary of Error Category 

Error Categorization  Number of error 

UI Application functionality(E1) 147 

UI Application functionality-JavaScript (E2) 72 

Legacy property mismatch (E3) 54 

NonUI Business Functionality (E4) 43 

Error due to DataBase (E5) 29 

Error due to Technology Migration (E6) 14 

Total 359 

 

 
Figure 2. Pareto Diagram (Before) 
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3.4 Improve Phase  

 

O bjectives of the “Improve Phase” were: 

1. To find out the ways to address the root 

causes  

2. To eliminate the causes where no solution 

exist  

3. To formulate some implementation plan  

4. To calculate the improvement  

Proposed solutions for the identified root 

causes: The management of the organization 

had brainstorming session after root cause 

analysis of the problem. 

1. Functional document should be up-to-date. 

Test Case Coverage should be increased so 

that it should cover all the Functionalities.  

2. If any Old Test Case is reused, it should be 

changed according to the Modified 

Functionality and to be reviewed properly 

3. DDL and DML for each release should be 

properly documented in Release Note and 

should be tracked by QA team. 

4. Change management should be properly 

implemented for the Use Cases. 

5. Cross platform testing should be done.  

Solutions ware Identified for each vital 

problem and are summarized in the Table 6. 

 

Table 6. Identified Solution vs. Defined Action items 

Solution identified for each Vital 

X 

     Defined Action items   

Functional document should be up-

to-date 

 

 

  

 

1. There should be online portal to maintain Functional 

documents. 

2. Regular Update should be required according to the Business  

change. 

3. Access should be given to individual QAteam member 

involved in the same project. 

4. QA members should be update their knowledge form that 

portal. 

Test Case Coverage should be 

increased so that it should cover all 

the Functionalities. 

1. QA team members need to identify the Function Points from 

the  

Functional Document / Use Case. 

2. Split the Test Cases corresponding to each functionality. 

3. Review of the Test Case. 

If any Old Test Case is reused, it 

should be changed according to the 

Modified Functionality and to be 

reviewed properly 

1. Maintenance of the Old Test Case repository to enhance them 

at per with the changed business. 

2. Review of the test cases properly by dedicated review 

committee. 

DDL and DML for each release 

should be properly documented in 

Release Note and should be tracked 

by QA team. 

1. All kind of DB related change should be keep in track by 

using an issue management tool. 

2. Used DDL and DML Script should be attached with 

corresponding Issue. 

3. Unique Tag ID should be used for individual release 

publication and it should be tagged with that Issue. 

Cross platform testing should be 

done.  

1. Cross browser testing should be done. 

2. Cross Application server should be used. 

 

After the implementation of the proposed 

solutions data was collected for few 

deliverables. It was found that out of 8672 test 

cases 65 defects were found. The process 

performance was calculated and it was found 

that process sigma levels were, Zlt =2.53 and 

Zst= 4.03, which were very close to the said 

target. 

It was found that applying the six sigma 

methodology (DMAIC) the overall 

performance was improved considerable. 

Hence, it was a wise decision of the 

management to initiate the process 

improvement programme following Six Sigma 

methodology. 

 

3.5 Control Phase  

 

Objectives of the “Control Phase” were:  

1. To find out the ways to sustain the gains  
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2. To prepare defined control plan  

3. To prevent recurrence of the same problem 

4. 4 meeting to sustain the benefits gained 

through this project  

Following control plan was decided and 

approved in the “Advisory Committee”: 

1.  List all user scenarios or end-to-end test 

cases for the application. 

2. Analyse all these user scenarios by 

asking 5-whys questions to understand the 

ways these scenarios can fail.  

3. Once identify the ways these user 

scenarios can be wrong, design and apply 

a Poka Yoke technique to avoid the 

possible problems (this design could be a 

simple unit test to check if any function 

written is working properly or not). 

4. Make sure the technique designed to avoid 

the defect is working properly by giving 

errors or warning message for incorrect 

input or handing of the user scenario. 

5. Once the trial is passed add this technique 

in the list of Poka Yoke processes to be 

performed each time on new 

release/build.  (In above unit testing 

example, once the unit test is written to 

check the function code, check if it is 

working for positive and negative values. 

When this test passes add it to ‘unit tests’ 

repository to be executed each time any 

change is made in relevant modules). 

6. Measure the success of this Poka Yoke 

process. Check if this technique has really 

prevented or caught defects when 

happening. 

Poka-Yoke 

For Defect Detection: Defect detection is 

most common task for quality assurance teams. 

QA teams use various approaches and 

strategies for executing test cases effectively. 

Defects are detected by many other testing 

methods like smoke and exploratory testing. 

 For Defect Prevention: Defect 

prevention is most important activity in SDLC. 

This method is used to identify all possible 

issues and actions needed to eliminate those 

issues. Many software defects can be prevented 

in design phase itself. Quality assurance team 

can help to prevent these defects by reviewing 

the software requirement specification 

documents. All issues identified in this stage 

are addressed in software coding phase and 

prevented from carrying to later stages.  

 

 

5. CONCLUSION 
 

Six Sigma is a cutting edge philosophy for 

breakthrough improvement. Different industrial 

sectors have successfully applied Six Sigma 

methodology for performance excellence [9], 

which directly reflected in the business results. 

In this case study, the performance of the 

organization improved form Zst=2.9 to 

Zst=4.03, with the significant reduction of 

rework with the application of six sigma 

methodology. It is also visible form the actual 

effort spent after taking the initiative. The 

concept behind this work came from the service 

providing industry, when the management of 

the particular organization wanted to improve 

their overall performance. They applied many 

tools and technique but there was no significant 

improvement. Application of Six Sigma, an 

integrated approach made the difference. 
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