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WHAT IS SIGMA 

• A  term (Greek)  used  in  statistics  to  
represent 
standard deviation from mean value, an 
indicator of the degree of variation in a set of 
a process. 

• Sigma measures how far a given process 
deviates from perfection. Higher sigma 
capability, better performance 







Six Sigma 

• The term Six Sigma originated from terminology associated 
with manufacturing, specifically terms associated with 
statistical modeling of manufacturing process.  

• The maturity of a manufacturing process can be described 
by a sigma rating indicating its yield or the percentage of 
defect-free products it creates. 

•  A six sigma process is one in which 99.99966% of the 
products manufactured are statistically expected to be free 
of defects (3.4 defective parts/million), although, this 
defect level corresponds to only a 4.5 sigma level. Motorola 
set a goal of "six sigma" for all of its manufacturing 
operations, and this goal became a by-word for the 
management and engineering practices used to achieve it. 



























Benefits of 6s approach w.r.t. financials 

s-level Defect rate  

(ppm) 

Costs of poor quality Status of the 

company 

6 3.4   < 10% of turnover World class 

5 233 10-15% of turnover  

4 6210 15-20% of turnover Current standard 

3 66807 20-30% of turnover  

2 308537 30-40% of turnover Bankruptcy 

 

Financial Aspects 



Six Sigma Methodology 

• Six Sigma is an overall business improvement 
methodology that focuses an organization on 

• Understanding and managing customer requirements 
• Aligning key business process to achieve these 

requirements 
• Utilizing rigorous data analysis to minimize variation in 

these Processes 
• Driving rapid and sustainable improvement in the 

business process by reducing defects, cycle time, 
impact to the environment, and other undesirable 
variations  

• Timely execution 
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• As a management system, Six Sigma is a high-
performance system for executing business strategy.  

• It uses the concept of facts and data to drive better 
solutions.  

• Six Sigma is a top-down solution to help organizations 
• Align their business strategy to critical improvement 

efforts 
• Mobilize teams to attack high-impact projects 
• Accelerate improved business results 
• Govern efforts to ensure that improvements are 

sustained 
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• Six Sigma methodology also focuses on 

• Leadership principles 

• Integrated approach to improvement 

• Engaged teams 

• Analytic tool 

• Hard-coded improvements 
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Leadership Principles 

• The Six Sigma methodology has four 
leadership principles. These are 

• 1. Align 

• 2. Mobilize 

• 3. Accelerate 

• 4. Govern 
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• Align: Leadership should ensure that all improvement 
projects are in line with the organization’s strategic goals. 

• Alignment begins with the leadership team developing a 
scorecard.  

• This vital tool, the cornerstone of the Six Sigma business 
improvement campaign, translates strategy into tactical 
operating terms.  

• The scorecard also defines the metrics an organization can 
use to determine success.  

• Just as a scoreboard at a sporting event tells you who is 
winning, the scorecard tells the leadership how well the 
company is meeting its goals. 



• Mobilize: Leadership should enable teams to take action by 
providing clear direction, feasible scope, a definition of 
success, and rigorous reviews. 

• Mobilizing sets clear boundaries, lets people go to work, 
and trains them 

• as required.  
• The key to mobilizing is focus; lack of focused action was 

one of 
• the downfalls of previous business improvement efforts.  
• True focus means the project is correctly aligned with the 

organization’s scorecard.  
• Mobilized teams have a valid reason for engaging in 

improvement efforts—they can see benefit for the 
customer.  

• The project has strategic importance, and they know it.  
• They know exactly what must be done and the criteria they 

can use to determine success. 



• Accelerate: Leadership should drive a project to rapid 
results through tight clock management, training as 
needed, and shorter deadlines. 

• More than 70% of all improvement initiatives fail to achieve 
desired results in time to make a difference.  

• For projects to make an impact, they must achieve results 
quickly, and that is what acceleration is all about. 

• The accelerate leadership principle involves three main 
components: 

• 1. Action learning 
• 2. Clock management 
• 3. Effective planning 



• Accelerate employs the “action learning” 
methodology to quickly bridge from “learning” to 
“doing.” Action learning mixes traditional training 
with direct application.  

• Training is received while working on a real-world 
project, allowing plenty of opportunity to apply 
new knowledge.  

• The instructor is not simply a trainer but a coach 
as well, helping with work on the real-world 
project 



• Govern: Leadership must visibly sponsor projects and 
conduct regular and rigorous reviews to make critical 
midcourse corrections. 

• Once the leaders select an improvement opportunity, their 
work is not done. They must remain ultimately responsible 
for the success of that project. 

• Govern requires leaders to drive for results. 
• While governing a Six Sigma project, you need 
• A regular communications plan and a clear review process 
• • To actively sponsor teams and their projects 
• • To encourage proactive dialogue and knowledge sharing 

in the team and throughout the organization 



Six Sigma Team 

• Teamwork is absolutely vital for complex Six Sigma 
projects.  

• For teams to be effective, they must be engaged—
involved, focused, and committed to meeting their 
goals. 

• Engaged teams must have leadership support.  
• There are four types of teams: 
• 1. Black Belt 
• 2. Green Belt 
• 3. Breakthrough 
• 4. Blitz 
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Black Belt 

• Black Belt teams are led by a Black Belt, and may have 
Green Belts and functional experts assigned to 
complex, high-impact process improvement projects or 
to designing new products, services, or complex 
processes. 

• Black Belts are internal Six Sigma practitioners, skilled 
in the application of rigorous statistical methodologies, 
and they are crucial to the success of Six Sigma.  

• Their additional training and experience provide them 
with the skills they need to tackle difficult problems. 



• The responsibilities of Black Belts are to 

• • Function as Team Leader on Black Belt projects 

• • Integrate their functional discipline with 
statistical, project, and interpersonal skills 

• • Serve as internal consultants 

• Tackle complex, high-impact improvement 
opportunities 

• • Mentor and train Green Belts 



Green Belt 

• Led by a Green Belt and comprised of nonexperts, 
Green Belt teams tackle less complex, high-impact 
process improvement projects.  

• Green Belt teams are often coached by Black Belts or 
Master Black Belts. 

• Green Belts are also essential to the success of Six 
Sigma. They perform many of the same functions as 
Black Belts, but their work requires less complex 
analysis. 

• Green Belts are trained in basic problem-solving skills 
and the statistical tools needed to work effectively as 
members of process improvement teams. 



• Green Belt responsibilities include 

• • Acting as Team Leader on business 
improvements requiring less complex analysis 

• • Adding their unique skills and experiences to 
the team 

• • Working with the team to come up with 
inventive solutions 

• • Performing basic statistical analysis 

• • Conferring with a Black Belt as questions arise 



Breakthrough 

• While creating simple processes, sophisticated 
statistical tools may not be needed.  

• Breakthrough teams are typically used to 
define low-complexity, new processes. 



Blitz 

• Blitz teams are put in place to quickly execute 
improvements produced by other projects. 

•  These teams can also implement digitization for 
efficiency using a new analytic tool set. 

• For a typical Six Sigma project, four critical roles 
exist: 
– 1. Sponsor 

– 2. Champion 

– 3. Team Leader 

– 4. Team member 



• A Sponsor typically 

– • Remains ultimately accountable for a project’s 
impact 

– • Provides project resources 

– • Reviews monthly and quarterly achievements, 
obstacles, and key actions 

– • Supports the project Champion by removing 
barriers as necessary 



• A Champion typically 

– Reviews weekly achievements, obstacles, and key 
actions 

– • Meets with the team weekly to discuss progress 

– • Reacts to changes in critical performance 
measures as needed 

– • Supports the Team Leader, removing barriers as 
necessary 

– • Helps ensure project alignment 



• A Team Leader typically 
– • Leads improvement projects through an assigned, 

disciplined methodology 

– • Works with the Champion to develop the Team 
Charter, review project progress, obtain necessary 
resources, and remove obstacles 

– • Identifies and develops key milestones, timelines, 
and metrics for improvement projects 

– • Establishes weekly, monthly, and quarterly review 
plans to monitor team progress 

– • Supports the work of team members as necessary 



• Team members typically 

– • Assist the Team Leader 

– • Follow a disciplined methodology 

– • Ensure that the Team Charter and timelines are 
being met 

– • Accept and execute assignments 

– • Add their views, opinions, and ideas 



Analytic Tool Sets 

• 1. Ford Global 8D Tool 
• D1: Establish the team 
• D2: Describe the problem → What Problem 

Needs Solving? 
• Who should help solve problem? 
• How do we quantify symptoms? 
• D3: Implement and verify containment → How do 

we contain it? 
• D4: Identify and verify root causes → What is the 

root cause? 
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• D5: Choose and verify corrective action → 
What is the permanent corrective action? 

• D6: Implement and validate permanent 
corrective action → How do we implement? 

• D7: Prevent recurrence → How can we 
prevent this in future? 

• D8: Congratulate the team → Who should we 
reward? 
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• 2. DMADV Tool Set Phases 

• Define → What is important? 

• Measure → What is needed? 

• Analyze → How will we fulfill? 

• Design → How do we build it? 

• Verify → How do we know it will work? 
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• 3. DMAIC Tool 

• Define → What is important? 

• Measure → How are we doing? 

• Analyze → What is wrong? 

• Improve → What needs to be done? 

• Control → How do we guarantee 
performance? 
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• Define Opportunities (What Is Important?) 

• The objective of this phase is 

• • To identify and/or validate the improvement 
opportunities that will achieve the 
organization’s goals and provide the largest 
payoff, develop the business process, define 
critical customer requirements, and prepare 
to function as an effective project team. 



• The key deliverables in this phase include 

• • Team charter 

• • Action plan 

• • Process map 

• • Quick win opportunities 

• • Critical customer requirements 

• • Prepared team 



• Measure Performance (How Are We Doing?) 
• The objectives of this phase are 
• To identify critical measures that are necessary to 

evaluate success or failure, 
• meet critical customer requirements, and begin 

developing a methodology to effectively collect 
data to measure process performance 

• • To understand the elements of the Six Sigma 
calculation and establish baseline sigma for the 
processes the team is analyzing 



• The key deliverables in this phase include 

• • Input, process, and output indicators 

• • Operational definitions 

• • Data collection format and plans 

• • Baseline performance 

• • Productive team atmosphere 



• Analyze Opportunity (What Is Wrong?) 
• The objectives of this phase are 
• To stratify and analyze the opportunity to identify 

a specific problem and define an easily 
understood problem statement 

• • To identify and validate the root causes and 
thus the problem the team is focused on 

• • To determine true sources of variation and 
potential failure modes that lead to customer 
dissatisfaction 



• The key deliverables in this phase include 

• • Data analysis 

• • Validated root causes 

• • Sources of variation 

• • Failure modes and effects analysis (FMEA) 

• • Problem statement 

• • Potential solutions 



• Improve Performance (What Needs to Be 
Done?) 

• The objectives of this phase are 

• To identify, evaluate, and select the right 
improvement solutions 

• • To develop a change management approach 
to assist the organization in adapting to the 
changes introduced through solution 
implementation 



• The key deliverables in this phase include 

• • Solutions 

• • Process maps and documentation 

• • Pilot results 

• • Implementation milestones 

• • Improvement impacts and benefits 

• • Storyboard 

• • Change plans 



• Control Performance (How Do We Guarantee 
Performance?) 

• The objectives of this phase are 
• • To understand the importance of planning and 

executing against the plan and determine the 
approach to be taken to ensure achievement of 
the targeted results 

• • To understand how to disseminate lessons 
learned, identify replication and standardization 
opportunities/processes, and develop related 
plans 



• Process control systems 
• • Standards and procedures 
• • Training 
• • Team evaluation 
• • Change implementation plans 
• • Potential problem analysis 
• • Solution results 
• • Success stories 
• • Trained associates 
• • Replication opportunities 
• • Standardization opportunities 



• 4. DMADDD Tool 

• Define → Where must we be leaner? 

• Measure → What’s our baseline? 

• Analyze → Where can we free capacity and 
improve yields? 

• Design → How should we implement? 

• Digitize → How do we execute? 

• Drawdown → How do we eliminate parallel 
paths? 
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• The Six Sigma methodology is not so 
commonly used in construction projects; 

• however the DMAIC tool can be applied at 
various stages in construction projects.  

• These are 

• 1. Detailed design stage—To enhance 
coordination method in order to reduce 
repetitive work 
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• 2.Construction stage—Preparation of builder’s 
workshop drawings and composite drawings, 
as it needs much coordination among 
different trades 

• 3. Construction stage—Preparation of 
contractor’s construction schedule 

• 4. Execution of works 
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Six Sigma in Construction Projects 

• The contractor’s construction schedule (CCS) 
is an important document used during the 
construction phase. 

• It is used to plan, monitor, and control project 
activities and resources 

• Generally the project interim payment to the 
contractor is linked to the approval of the CCS. 
The contractor is not paid unless the CCS is 
approved by the construction manager. 
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• Contractors experience problems with getting 
the CCS Approved.  

• It could be rejected if it does not meet the 
specifications. 

• Therefore, the contractor has to put all effort 
into collecting relevant data to be fed to 
develop the CCS. 

 



The DMADV Process 

• The following is an example procedure to develop the 
CCS using the Six Sigma 

• DMADV analytic tool set. The DMADV method is used 
primarily for the invention 

• of modified or new products, services, or processes. 
DMADV stands for 

• 1. Define—What is important? 
• 2. Measure—What is needed? 
• 3. Analyze—How will we fulfill? 
• 4. Design—How do we build? 
• 5. Verify—How do we know it will work? 
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• Define Phase (What Is Important?) 

• The objective of this phase is to define the 
project goals and customer deliverables 

• The key deliverables of this phase are  

• Establish the goal 

• • Identify the benefits 

• • Select project team 

• • Develop project plan 



• Goal: Develop CCS using Six Sigma tools. 

• Benefits: The measurable benefits in adopting 
this process will result in CCS that will meet all 
the requirements of the specifications and shall 
be approved by the construction 
manager/project manager/ consultant at the first 
submission itself. 

• This will reduce the repetitive work and help 
implement the schedule right from the early 
stage of the project. 



• Selection of team: The team shall consist of 

• a. Sponsor—Project Manager 

• b. Champion—Construction Manager 

• c. Team Leader—Planning and Control 
Manager 

• d. Team Members—Planning Engineer, Cost 
Engineer, and one representative from each 
subcontractor 



• Project plan: Time frame in the form of the 
Gantt chart shall be prepared to meet the 
target dates for submitting the contractor’s 
construction schedule (CCS). 



• Measure Phase (What Is Needed?) 

• The objective of this phase is to measure and 
determine customer needs and specifications 

• The key deliverable in this phase is  

• Identify specification r equirements 



• The following are the requirements listed in most 
contract documents. 

• The contractor has to submit the construction schedule 
in a bar chart time-scaled format to show the sequence 
and interdependence of activities required for 
complete performance of all items of work under the 
contract. 

• The contractor shall use a computerized precedence 
diagram critical path 

• method (CPM) technique in preparation of CCS. The 
schedule shall include, 

• but not be limited to, the following 



• 1. Project site layout. 

• 2. Concise description of the work. 

• 3. Milestones (contractual milestones or constraints). 

• 4. Number of working days. 

• 5. Work breakdown structure (WBS) activities shall 
consist of all those activities that take time to carry out 
execution/installation and on which resources are 
expended. 

• 6. Construction network of project phases (if any), 
including various subphases. 



• 7. Construction network of the project arrangements 
(activities) and sequence. 

• 8. Time schedules for various activities in a bar chart 
format. 

• 9. The minimum work activities to be included in the 
program shall include items stated in the bill of 
quantity (BOQ). 

• 10. WBS activities shall consists of all those activities 
that take time to carry out execution/installation and 
on which resources are expended. 

• 11. Early and late finish dates. 



• 12. Time schedule for critical path. 
• 13. Schedule text report showing activity, start and finish dates, 

total float, and relationship with other activities. 
• 14. Summary schedule report showing number of activities, project 
• start, project finish, number of relations, open ends, constraints, 
• and milestone. 
• 15. Total float of each activity. 
• 16. Cost loading. 
• 17. Expected progress cash flow S-curve. 
• 18. Resource-loaded S-curve. 
• 19. Manpower loading. 



• Labor and crew movement and distribution. 
• 21. Resource productivity schedule. 
• 22. The number of hours per shift. 
• 23. Average weekly usage of manpower for each trade. 
• 24. Resource histogram showing the manpower required for 

different 
• trades per time period for each trade (weekly or monthly). 
• 25. Equipment and machinery loading. 
• 26. Schedule of mobilization and general requirements. 
• 27. Schedule of subcontractor’s and suppliers’ submittal and 

approval. 
• 28. Schedule of materials submittals and approvals. 
• 29. Schedule of long lead materials. 



• 30. Schedule of procurement. 

• 31. Schedule of shop drawings submittals and 
approvals. 

• 32. Regulatory/authorities’ requirements. 

• 33. Schedule of testing, commissioning, and 
handover 

• 34. Expected cash flow for executed work 
(during progress of work). 



• Analyze Phase (How Will We Fulfill?) 

• The objective of this phase is to analyze 
process options and prioritize based on 
capability to satisfy customer requirements. 

• The key deliverables in this phase are 

• • Data collection 

• • Prioritization of data under major variables 



• Data collection: The objective of this process are to 
• 1. Identify milestone dates and constraints 
• 2. Identify project calendar 
• 3. Identify resource calendar 
• 4. Review contract conditions and technical specifications 
• 5. Identify mobilization requirements 
• 6. Identify project method statement 
• 7. Identify subcontractors/suppliers 
• 8. Identify materials requirements 
• 9. Identify long lead items 
• 10. Identify procurement schedule 



• 11. Identify shop drawing requirements 
• 12. Identify regulatory/authorities’ requirements 
• 13. Identify WBS activities using BOQ 
• 14. Relate WBS activities with BOQ and contract drawings 
• 15. Identify zoning/phasing 
• 16. Identify codes for all activities per contract document 

divisions/sections 
• per the Construction Specifications Institute (CSI) format 
• 17. Identify volume of work for each activity 
• 18. Identify duration/time schedule of each activity 
• 19. Identify early and late finish dates 
• 20. Identify critical activities and its effect on critical path 



• 21. Identify logical relationship 

• 22. Identify sequencing of activities 

• 23. Identify project progress cash flow (work 
in place) 

• 24. Identify manpower resources with 
productivity rate 

• 25. Identify equipment and machinery 



• 26. Identify project constraints such as access, 
logistics, delivery, seasonal, national, safety, 
existing work flow discontinuity, and proximity of 
adjacent concurrent work 

• 27. Identify testing, commissioning, and 
handover requirements 

• 28. Identify special inspection requirements 

• 29. Identify closeout requirements 

• 30. Identify and include items not listed in the 
specifications but are important for project 
scheduling 

• 31. Identify suitable software program 

• 32. Identify submittal requirements 



• Arrangement of data: The generated data can be 
prioritized in an orderly arrangement under the 
following major variables: 

• 1. Milestones 
• 2. WBS activities 
• 3. Time schedule 
• 4. General requirements 
• 5. Resources 
• 6. Engineering 
• 7. Cost loading 



• Figure 1.31 illustrates these variables along 
with related subvariables 

• arranged in the form of the Ishikawa diagram. 



 



Design Phase (How Do We Build It?) 

• The objective of this phase is to design 
detailed processes capable of satisfying 
customer requirements. 

• The key deliverable in this phase is 
Preparation of program using suitable 
(specified) software program 

• The Project and Control Manager can prepare 
the CCS based on the collected data and 
sequence of activities 



Verify Phase (How Do We Know It Will 
Work?) 

• The objective of this phase is to verify design 
performance capability 

• The key deliverables in this phase are 
– Review the schedule by the team members to 

ascertain that all the required elements are 
included for compliance with specification 
requirements. 

– Submit CCS to Construction Manager/Project 
Manager/Consultant. 

– Update the schedule as and when required. 


