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Abstract— Six Sigma approach is considered as a very 

successful tool in manufacturing quality improvement. From 

the last two decades, Six Sigma has helped many companies 

e.g., Honda,  American Express, Ford, Honda, General 

Electric, Sony,  Hitachi, Motorola, Texas Instruments etc. to 

be successful. The goal of any “Six Sigma” improvement 

effort made by the company is to obtain a long-lasting 

defect rate of only 3.4 defective parts-per-million (PPM) 

manufactured. Recently, the Six Sigma approach was 

introduced in the software development industry. Some 

software companies are making an attempt to adapt Six 

Sigma for their business and development processes so that 

they can improve their process by lowering the amount of 

defects and all. But there are some misconceptions about the 

applicability of Six Sigma in the software industry. 

Furthermore there is no generic software quality amendment 

or improvement solution predicated on Six Sigma approach. 

So there is a demand to invalidate or negate the 

misconceptions related to the applicability of Six Sigma and 

to develop a generic software company quality amendment 

or improvement solution predicated on Six Sigma approach. 

In this paper we take a primary step to search out such a 

solution for the software companies so that they can manage 

their projects successfully with fewer defects, better quality 

and high customer satisfaction. The paper starts from Six 

Sigma concept identification and manufacturing 

investigation. After conducting some interviews, a case 

study and several other case studies reviews from the 

industries, we elaborate our method so that we can find out 

the way to improve the process and manage the projects 

effectively. We expect paper to be useful enough for the 

software or IT companies when applying Six Sigma in their 

company for Process Amendment or improvement & Project 

Management. This research paper includes the DMAIC 

methodology in order to manage the projects in the software 

companies so as have less defects, more client satisfaction, 

more repeat clients, better quality and good return on 

investment. 
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I. INTRODUCTION 

Six Sigma in project management practices through the 

adoption of DMAIC methodology is the one of the best 

potential solution for performance improvement to ensure 

effective and proficient outcome. The main of the DMAIC 

methodology is to make the improvement in the ongoing 

processes falling below specification & looking for 

incremental improvement and is to pursue a system of 

enhancement of current practices in addition to allowing the 

completion of more projects on time, within budget 

accompanied with high client/customer satisfaction.  

A. Statement of the Problem 

Company XYZ has implemented various other processes to 

increase the productivity of the development process. This 

has resulted in revenue generation & successful delivery of 

the company's project. However, the company would like to 

improve the customer satisfaction, processes and quality of 

the products further so that it will have the better ROI 

(return on investment), more repeat clients, more success 

rate of projects and world class presence in IT sector. 

B. Purpose of the study 

The main aim of this research paper is to provide the steps 

for the software companies who want to implement the Six 

Sigma approach for the improvement of their processes in 

the management of the projects. For the achievement of this 

aim, following objectives shall be reached: 

1) Identification of the differences of Six Sigma in 

manufacturing and software companies.  

2) Discuss the acceptance of Six Sigma in software 

companies.  

3) Compare the results of academic research with the 

reality of software companies.  

4) Identify the ultra-modernized Six Sigma in 

software companies.  

5) To examine the suitable Six Sigma tools and 

techniques for software companies.  

6) Discuss the future work for Six Sigma in software 

companies.  

C. Concepts of Six Sigma : 

Six Sigma is a structured quantitative method which was 

originally invented for the reduction of the defects in 

manufacturing by Motorola in 1986 [1]. Its aim is using 

statistical analytic techniques to enhancing performances of 

an organization, and to improving the overall quality [2]. 

Since Six Sigma has evolved over the last 20 years, its 

definition is extended to almost three levels [3]: 

1) As Metric  

2) As Methodology  

3) As Management System 

 Six Sigma is an approach which is all about 

eliminating the wastes/defects/inefficiency, increasing the 

customer satisfaction by delivering best quality to customers 

and also to improve the processes of an organization so as to 

have the better revenues and to remain competitive among 

the others. Detailed study of customer requirements and the 

proper use of the collected data with statistical analysis are 

the basic concept s of six sigma approach. Few key concepts 

around which Six Sigma revolves are: 

1) Defect: Failing to deliver what the customer wants; 

2) Variation: What the customer sees and feels; 

3) Process Capability: What your process can deliver; 

4) Critical to Quality: Attributes most important to the 

customer; 

5) Design for Six Sigma: Designing to meet customer 

needs and process capability. 
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6) Stable Operations: Ensuring consistent, periodic-

table processes to improve what the customer sees 

and feels;[4] 

II. METHODOLOGY 

The basic Six Sigma activities are captured by the DMAIC, 

which basically stands for Define, Measure, Analyze, 

Improve, and Control. We apply these to the processes to 

the company who wants to improve their processes. 

Defining the process, measuring it, using the measurements 

to form hypotheses about the causes of any of the 

issues/problems, implementing the improvements, and 

ensuring that the process remains "in control" are the key 

steps of the DMAIC methodology. 

 DMAIC model is chosen to apply with the 

processes of the company so as to improve the quality and to 

improve the performance. The activities in different phases 

are described as below. 

A. Define Phase: 

First of all, the problem in process is identified by 

calculating DPMO value. According to the current metric, 

DPMO value equals to 0.65σ. So the project goal is 

improving the process capability to more than 3 Sigma, and 

reduces the DPMO by 50%. Following activities are 

conducted: 

 Identify the critical of quality factors.  

 Create the team for Six Sigma project. This team 

owns the members from various levels of the 

company like Project Managers, Project/Team 

Leads, & Quality Assurance etc.  

 For the current process the high level process 

mapping is made for problem identification after 

the creation of SIPOC diagram.  

 Define measurement system. Any attribute in the 

deliverable, which does not meet the customer 

requirement is considered as a defect 

Following are the methods which we have used to define the 

software development process:  

1) Voice of the Customer 

It is very essential for the team members to understand who 

the customers are and what they exactly want, before 

starting to improve a process. By listening to the VOC 

(Voice of the Customer), the elements that are critical to 

quality for the customer can be easily understood. There are 

several ways to listen to the Voice of the Customer. 

Surveys, checklists, interviews, and questionnaires are the 

possibilities for VOC. 

2) SIPOC 

In this define phase, the team created the SIPOC diagram 

given in Figure 1. SIPOC is an acronym for the Supplier, 

Input, Process, Output and the Customer. 

 The SIPOC diagram includes a high-level map of 

the process of an organization which shows its basic steps. 

Through the process, the input is provided by the suppliers. 

After this value addition is done by the process, resulting in 

output that may meets or exceeds the customer expectations 

[5].  

 
Fig. 1 SIPOC Diagram for Software Development 

3) Process Map 

The Process Map is an extension of the SIPOC diagram. The 

process map is a visual representation of the workflow in a 

process, showing the way the inputs and outputs flow 

through the process. Using a process map, a person totally 

unfamiliar with the work should be able to understand the 

way product moves through the process from beginning to 

end. In technical communication projects, the process map 

may depict information flow. The process map for the 

electronic documentation project matched the process steps 

identified in the SIPOC analysis.  
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Fig. 2: High level process-mapping of current process 

4) Data Collection 

Data collection is at the heart of the Six Sigma process. Six 

Sigma teams study data in order to understand the current 

state of the processes they want to improve and to analyse 

how their projects will affect the process. They generate 

data to verify that the improvements are actually making the 

process better. 

 Two types of data are studied. Discrete data 

includes counts, percentages, and attributes. Continuous data 

is obtained by use of a measuring system. Length, width, 

time, & distance are examples of continuous data. 

5) Project Charter Document 

In this define phase the project managers also developed the 

project charter which included clearly the project start and 

end date, project objectives description, the problem 

statements, goal statements, scope of the project, high level 

project risks, and the team involved in the development of 

the project. 

B. Measure phase: 

Based on the customer's (CTQs), processes critical to 

customer quality are identified. Measurements taken will 

show if the processes are in control, which equates to a 

product that will satisfy the customer. This section mainly 

highlights the measure phase of the DMAIC process which 

was used. Measure the performance of the process by 

collecting the data and also list down the importance of 

various critical defects related to customer value. In the 

measure phase different kind of data analysis are available: 

 Cause and Effect Analysis  

 FMEA – Failure Mode & Effect Analysis 

 Data Collection Plan  

 Root Cause Analysis 

 Measurement system analysis  

 The team used a Pareto Chart to analyze the items 

and discovered that the majority of the problems with the 

software development fell into the requirements gathering, 

client communication & in execution phase of the 

development. Skills of the developers were not the major 

issue, so the team knew that the existing review and 

approval steps were working when it came to skills of 

developer. 

 

 
Fig. 3: Pareto chart for the causes of defects in Software 

Development 

 Data collection and analysis provided the team a 

clear focus about the issues which the software companies 

are facing during the development process. The team could 

concentrate on improving the process to eliminate the 

Requirement gathering issues along with client 

communications.  

 The activities in the measure phase are described 

below: 

 A measurement to the critical of quality factors is made. 

The issues faced during the development process are 

classified as defects that have occurred, as shown in 

Figure 4. Requirement gathering of the projects and the 

planning phase faces to a bigger defects value.  

 
Fig. 4: Measurement of defects for the key processes 
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 Assessment of the poor input variables that effect the 

critical to quality factors (see Figure 4) 

 
Fig. 4: Projects affected by poor input quality. 

 The first step is used to find which process needs to 

be improved, while the second step indicates poor input 

variables is the main reason which leads to poor 

performance. So the project team decides to analyze the 

effect of quality of inputs separately. 

C. Analyze phase: 

The data is analysed using run charts and other statistical 

tools such as standard deviation, mean etc. The 

results/output of the analysis phase can be seen in the below 

mentioned results section. From the analysis phase of the 

DMAIC process conclusions may be drawn to make 

improvements. Microsoft Excel is the data analysis tool as 

software like Mini tab is not available. 

 The activities in analyze phase are described 

below: 

 To identify the key problem sources cause and 

effect diagram is used, as shown in Fig 5. 

 The main causes of deviation and the relationship 

between the variables is identified.  

 The causes that lead to the non-conformance of the 

quality are listed.  

 Through above analyze steps, several key sources 

are located which is believed as the main reason that causes 

the problems. 

 
Fig. 5: Cause and effect diagram for product quality. 

D. Improve Phase: 

The activities in the improve phase are described below: 

 After analyzing the cause and effect diagram, a 

check list is introduced to prevent defects due to 

wrong inputs.  

 A customer feedback form is introduced, having 1 

to 10 scales. Using the form, the deliverables are 

rated by the customer. More solutions are indicated 

in Figure 6. according to each process. 

 
Fig 6: Improvements based on the analysis. 
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 The team then developed countermeasures to 

prevent the main causes of these delays and failure of 

projects. The actions taken by the team are summarized in 

Table I 

Action Description Owner Function Root Causes 

1 
Standardization of requirement & scope 

documents. 

Functional 

Manager 

Functional 

management 

Non-standard documents & 

un clear requirements 

2 Proper & on time Client communication. Business Analyst 
Business 

Management 

Language gap, Non 

availability of BA, Unskilled 

employee 

3 Finalization of scope. Business Analyst 
Business 

Management 

Improper communication, 

Client’s Last minute changes 

4 Suitable talent for particular projects Team Leads Delivery Team Failure of advanced projects 

5 
Test the software fix to the timing 

feature on the planning system 
QA analyst 

Quality 

Assurance 

Lack of experience, Time 

issue, Urgent delivery 

6 

Meet with QA to review whether current 

testing plan specific to the planning 

system or not. 

System engineer 
Functional 

Management 

Bugs/Errors in design of  

planning system 

7 

Establish training procedures and best 

practice guidelines for new and existing 

employees 

IT communication 

manager 

Service 

management 

Lack of experience and 

training 

Table I. shows the improvement targets that the team set. 

E. Control phase: 

The Sigma level is improved from 0.65σ to 2.14σ, which is 

very close to project goal. The lessons learnt in this whole 

process are applied in other Six Sigma projects. 

 The team implemented the action plan and tracked 

performance. Figure 7 shows the run chart of improvements 

that were achieved. 

 
Fig. 7: Run Charts for defects removal process 

Also team discovered the bar charts for the defects which 

software development was getting during development 

process. 

Fig. 8: Projects affected by poor input quality after Six 

Sigma 

 Figure 8. Above shows the bar chart after the 

implementation of the Six Sigma DMAIC methodology in 

the development process. 

 The bar chart shows how the defects got reduced 

as compared to the precious 6 months from June, 2015 to 

November, 2015. Implementation of the Six Sigma in the 

software development using the DMAIC methodology 

increased the sigma value from 0.65 to the 2.15 which 

shows that the processes are getting enhanced and the 

defects are getting reduced in these processes. Bar chart 

shows that the ratio of the affected projects because of 

defects to the total number of projects got reduced by the 

implementation of the Six Sigma which depicts the positive 

results of case study. 

III. RESULTS 

As this paper included the process of the software 

development which included the six sigma DMAIC 

approach to sort out the issues of the software development 

department, so below are the results which are the outcome 

of the case study.  

 Projected growth in  the revenue of more than $0.5 

million per year 

 Reduced the execution time of the projects which 

are getting developed under software development 

team 

 Client are now fully satisfied as they getting 

exactly what they want to have because of the 

proper and standardized documentation. 

 New technology updates now helping company to 

accept more project other than the domain in which 

we are working right now. 

 Good references from the clients among the other 

competitors. 

 Quality products with less defect rate & 100% 

client satisfaction. 

 Increased number of repetitive client/customers. 

 Development team is able to handle the new 

product development features more rapidly 

 Through the research, authors found it is possible 

to apply Six Sigma approach in software companies. The 
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final result of the research definitely will help out the 

software companies and researchers to achieve their goals 

related to quality, process improvement, customer 

satisfaction and less number of defects. 

IV. CONCLUSION 

Six Sigma is already successfully used in manufacturing 

industry for 20 years. The biggest challenge for us was to 

implement Six Sigma in software development process. 

With the help of this thesis research we have concluded that 

Six Sigma is applicable in software companies also. There 

are so many differences between software and 

manufacturing process, but if we take care of them carefully 

along with the deep knowledge of the processes of software 

companies, it is possible to implement Six Sigma in 

Software Company with the positive results. It can bring 

large benefits to software companies. There are software 

domains where Six Sigma is highly beneficial i.e. complex 

systems, etc. Six Sigma tools are very useful for software 

process improvement. The main challenges of Six Sigma in 

software are to identify the CTQs (critical to quality) and to 

establish cost efficient project Y’s that can be used to 

identify the root causes, and measure the improvements. We 

have proposed steps for the implementation of Six Sigma in 

software companies so that the management of the projects 

can be done effectively & efficiently. We believe that the 

steps are highly advanced & reliable and the final result of 

the research will definitely help out the software companies 

and researchers to achieve their goals related to quality, 

process improvement, customer satisfaction and less number 

of defects along with the management of the projects. 
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