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 A problem solving and process improvement approach that combines 

two powerful methodologies that focus on reducing waste and 

variation. 

 Lean Manufacturing (TPS) Principles = Waste reduction 

 Six Sigma Methodology = Variation reduction

What is Lean Six Sigma?
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Evolution of Lean and Six Sigma
3



Where Did 6σ Come From?

 Started at Motorola Corporation in the mid-1980’s - Bill Smith

 Popularized by former General Electric CEO Jack Welch’s.

 Six Sigma brought back statistical measurement to quality.

 Reduce variation Sigma (σ)

 Sigma (σ) is a statistical concept that represents how much variation 

there is in a process relative to customer specifications.

 Y=f(X)

 Making decisions based on data Y=f(x) 

4



Six Sigma (σ) Concept
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Every Human Activity Has Variability...

Reducing Variability is the Key to Understanding Six Sigma

Target

defectsdefects

Customer

Specification

Customer

Specification



Sigma

Level

DPMO Yield

2 308,537 69.15%

3 66,807 93.32%

4 6,210 99.38%

5 233 99.98%

6 3.4 99.99966%

What is Six Sigma (6σ)?
6

By reducing the variability, we improve the process



 Original ideas - Sakichi Toyoda, 1950s

 Elimination of waste Mura (斑) – JIT, Muri (無理) - Standardize 

work, Muda (無駄) – TIMWOOD. 

 Core ideas

Determine and create value

“pull” instead of “push” systems (American supermarkets)

One piece flow

Eliminate the non-value adds caused by waste

JIT, 5 S, Kanban, poka-yoke.  

What is Lean?
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 Virginia Mason Medical Center in Seattle, Washington (2001) -

Engaged production engineers from Toyota and the Boeing Aircraft 

Company) to teach them how to apply the Toyota Production System 

to the production of healthcare services.

 E.g. in hospitals - Throughput Improvement, TAT Improvement, 5S, 

Leaning the healthcare process, Loss Reduction, Reducing wait time, 

Prevent falls and injuries, Reduce medication errors, TAT for lab results, 

Improving flow, Reducing discharge time etc..  

 Pharmaceutical manufacturing.. 

The origin of LSS Healthcare..
8



LSS Methodology
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Lean Six Sigma DMAIC Most Common Tools

Define Measure Analyze Improve Control

• Project 

Charter

• Stakeholder 

Analysis

• SIPOC

• Process Map 

(high level)

• Project Plan

• Process Map

• CTS

• Data 

collection 

plan

• Quality 

Function 

Deployment 

(QFD)

• Pareto Chart

• Cost of Poor 

Quality

• Cause & Effect 

Diagram

• Why-Why Diagram 

• Histogram and 

Graphical Analysis

• Correlation & 

Regression Analysis

• Basic Statistics

• Sampling

• VSM 

• Failure Mode and 

Effects Analysis

• Gap Analysis

• Hypothesis Tests

• Waste Elimination 

• 5S, Kaizen

• Recommendations

• Improvement Plan

• Action Plan

• Cost/benefit 

Analysis

• Cost of Poor Quality

• Future State Map

• Hypothesis Testing

• Dashboards

• Hypothesis 

Testing

• Basic Statistics

• Graphical 

Analysis

• Sampling

• Standard Work

• FMEA

• Statistical 

Process Control 

(SPC) charts

• DPMO

• Dashboards

Minitab Software .. 



Project charter template 
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Project Name: Name of the Lean Six Sigma Project

Project Overview: Background of the project. 

Problem Statement: Business problem, describe what, when, impact, consequences. 

Customer/Stakeholders: (Internal/External) Key groups impacted by the project.

What is important to these customers – CTS: Critical to satisfaction, the key business 

drivers. 

Goal of the Project: Describe the improvement goal of the project. 

Scope Statement: The scope of the project, what is in the scope and what is out of scope. 

Financial and Other Benefit (s): Estimated benefits to business, tangible and intangible.

Potential Risks: Risks that could impact the success of the project and the probability of 

occurrence. 

Milestones: DMAIC Phase and Estimated Completion Dates

Project Resources: Champion, Black Belt Mentor, Process Owner, Team Members. 



Hospital and Emergency Department Throughput Improvement -

Project charter
11

Project Overview: This project is focused on improving patient throughput in the ED.

Problem Statement: The Emergency Department is experiencing delays in moving the
patient through the ED in a timely manner. There are excessive delays and a high
percentage of patients left without being seen.

Customer/Stakeholders: ED Patients, Medical Associates (Doctors, Nurses, Technicians,
Transportation), Administration, EMS, Inpatient areas, diagnostic departments.

What is important to these customers – CTS (Critical to Satisfaction): Patient
Satisfaction, Quality of Care, Throughput Time, Waiting time.

Goal of the Project: Improve ED throughput time to 3 average hours for discharged
patients and 5 average hours for admitted patients.

Scope Statement: The scope includes the ED processes starting from patient entrance,
to triage, treat, transport, test/diagnose, disposition and discharge/admit.

Projected Financial Benefit (s): Improved revenue; increased volume (reduction of
Left Without Being Seen (LWBS)), increased volume through increased performance;
reduced costs through improved efficiency (time per patient).



SIPOC Diagram (An important Lean Six Sigma Tool)
12
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High-Level Process Map (SIPOC Process Map)
14

 The process steps can be simply turned 90° from SIPOC - displayed 

horizontally instead of vertically.

 Identify the inefficiencies and non-value added activities, and then 

create the future state process during the improve phase.



Stakeholder Analysis
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 power/interest matrix

High

Context Setters

Keep them Satisfied

Promoters 

Manage Closely

Low 

Crowd

Monitor

Subjects

Keep Informed

Low High

Interest

Power



Perform Stakeholder Analysis
16

Stakeholders Who They Are? Potential

Impacts/Concerns

EMS Emergency Medical Services

who transport patients to

the ED from outside the

hospital

Quality of Care

Low waiting time Patient

Satisfaction

Registration Register the patient Correct registration

Accurate billing

Regulatory Agencies Regulatory Agencies who 

define regulatory criteria.

Quality of Care 

Revenue Integrity

Administration Administration of the

Hospital

Efficient processes

Patient Satisfaction 

Patient throughput



Critical to Quality Tree (CTQ Tree)
17



CTS - Hospital and Emergency Department 
18

CTS PERFORMANCE REQUIREMENT (Metric)

Patient throughput time LOS

Patient Satisfaction percent of patients leaving without treatment

Quality of Care quality of care measures

Patient waiting times waiting to be seen by the EDP, waiting to be tri- aged, waiting for

tests or test results, waiting for transportation, and waiting to be a

admitted or discharged.

Lab time; Diagnostic time; Lab time; Diagnostic time; 

Admit time; Register time register time; admit time



Identify Quality Drivers - Kano Analysis
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 Dr Noriaki Kano - (1984) - Tokyo University of Science



Comprehensive Women’s Centers patients - Kano 

analysis 
20



Select Team and Launch the Project
21



Measure Phase - Main activities mapped to the tools 

or deliverables 
22

Measure Activities Tools/Deliverables

Define the current process • Process Map
• Operational definitions
• Metrics
• Baseline
• Data Collection Plan

Define the detailed Voice of Customer
(VOC)

• Surveys, Interviews, focus groups
• Quality Function Deployment

Define the Voice of Process (VOP) and
current performance

• Pareto charts
• Benchmarking, check sheets,

histograms
• Statistics

Define the Cost of Poor Quality (COPQ) • Cost of Poor Quality



AS-IS Process Map (Define the Current Process)
23

 Process Map symbols (Few)



Process Map Cross-functional or Swim Lane
24



25

 flow chart of Emergency 

Room Specimen Processing



QFD matrix - voice of the customer information
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 Yoji Akao – Japan, method to transform qualitative user demands into quantitative

parameters (first used in1966)

 customer needs - summarized in a QFD matrix also called as “house of quality”. 



Voice of the Process (VOP) and Current Performance
27

The most common statistical measures of a process are mean, maximum and minimum, and standard deviation 
etc., which is known as “voice of the process” (VoP).

The best way to discover the VOP is to plot it on a control chart

Pareto Chart - A Pareto chart helps to identify critical areas causing the majority of the problems



Bar chart
28
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Normality test using Minitab
29

If the P value is greater 

than .05, we can assume 

that the data is normal



Gage Repeatability & Reproducibility (R&R) study
30

Gage name:                         

Date of study:                         

Reported by:                         

Tolerance:                         

Misc:                         

Part-to-PartReprodRepeatGage R&R
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0
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n

t
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% Study Var
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11
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Components of Variation

Measurement (time) by Observation

R Chart

XBar Chart

Gage R&R (ANOVA) Report for Measurement (time)

variation is less than 10% 



Define the Cost of Poor Quality (COPQ)
31

 Phil Crosby - ‘Quality is Free’

 COPQ - defects, errors, and wastes 



Cost of Quality According to Taguchi
32

 Loss function is quadratic..



Analyze Phase33

Analyze Activities Deliverables

Develop cause and effect

relationships

Cause and Effect Diagrams

Why-Why Diagram

Validate root causes Histograms, Graphical Analysis, waste

elimination, Value Stream Map, 5S,

JIT, Standard Time, Kaizen, FMEA,

Correlation analysis, regression

analysis, Basic Statistics, Confidence

Intervals, Hypothesis testing, ANOVA

etc.

Process Capability DPMO



Cause and Effect Relationships
34

Cause and Effect Diagram

ER

too long in

Patient wait

Environment

Measurements

Methods

Material

Machines

Personnel

available if admitted

Hospital room not

Too many steps

to different VPs

Lab./Rad./ER dept. reports

Test errors

tests

Delays in ordering

Tests not coordinated

Lack of transporters

MDs not on site

Lack of incentives

Lack of feedback

system 
Lack of automated

Design is not efficient

Lack of ER beds

Lack of supplies

Boring environment

Long Waiting Time in ER



Why–Why Diagram
35



Value Stream Map – Basic Shapes 
36



Value Stream Mapping - Measure & Improve Phase 

of DMAIC
37

Future state map



Toyota Standard Work Combination Chart
38
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STANDARD TIME
40



41

ST = NT ×AF = 243.49 × 1.26 = 306.80 minutes or 5.1 hours



Pull the care process with kanban
42

Courtesy of Toyota, supply systems throughout the world are 

now run as efficiently as American supermarkets.



5S for Healthcare
43

 Workplace organization method  - list of five Japanese words: seiri, 

seiton, seisō, seiketsu, and shitsuke

 "Sort", "Set In order", "Shine", "Standardize" and "Sustain“



Healthcare Failure Mode and Effect Analysis (FMEA)

44

Criticality = Severity x Occurrence

RPN = Severity x Occurrence x Detection

Failure mode and effect analysis form



Sigma to DPMO conversion 

(assuming 1.5 sigma shift)
45

DPMO = (Defects × 1, 000, 000) / (Units × Opportunities)



Dashboards/Scorecards
46

 Emergency services value chain metrics dashboard example

Baseline Target Improved % Improvement

Admitted Discharged Admitted Discharged Admitted Discharged Admitted Discharged

Total LOS: 8.7hrs 5.8 hours 5 (43%) 3 (48%) 5.6 3.9 36% 33%

% LWBS: 6.50% 3.50% 0.51% 92%

Total Time to EDP: 93 109 35 35 26 75%

Triage Time: 34 34 15 15 11 68%

Wait time triage to
EDP: 65 79 20 20 20 73%

Time to ED Bed: 61 81 35 42 13 82%

Bed to Physician 34 55 20 20 13 72%

Treat/Diagnose to
Disposition Time: 192 175 109 91 161 11%



✓ Measure results and manage change

✓ Hypothesis tests

✓ Statistics, Mistake Proofing, FMEA

✓ Run Charts, Control Charts, Process Capability, DPMO

✓ Standard Work, Kaizen (PDCA)

✓ Dashboards, Scorecards

Improve & Control Phase47



Mistake-Proofing Checklists
48



Run Charts 
49



Statistical Process Control (SPC) Charts
50

Most Common Attributes Charts Most Common Variables

Charts

P-charts (proportion non-conforming)

C-charts (number of non-conformities)

X-bar and R-charts (average

and range)

121110987654321

0.14

0.12

0.10

0.08

0.06

0.04

0.02

Sample

P
ro

p
o

rt
io

n

_
P=0.08

UCL=0.1375

LCL=0.0225

P Chart of Dissatisfied patient families
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THANK YOU…
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