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Disclaimer

We are happy to make our knowledge and materials available to help you apply Lean Six Sigma in your organization.

Therefore, feel free to use the sheets and use them in your own projects. We also appreciate it if you send us your 

experiences or improvements. We also like to work a little better every day.

However, it is not the intention to use these sheets 1-on-1 for delivering your own training. We are the intellectual owner 

of this material. If you are planning to organize a training, would you like to contact us in advance? You can do this via 

info@bureautromp.nl or 030 227 0000.

In that case, we will make agreements with you about how we can help each other with this.

Bureau Tromp
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mailto:info@bureautromp.nl


About Bureau Tromp
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We love to help you work smarter

In-Company and Open Training

We inspire and advise you on 
how to get started with Lean 
Six Sigma in your specific 
situation.

An experienced Lean Six Sigma 
advisor at your side offers 
security and comfort. 
Especially if you are 
inexperienced in Lean Six 
Sigma, it is nice to have a 
coach.

We work together with your 
employees on your Lean Six 
Sigma projects. Our goal is to 
transfer knowledge and 
ensure that you can continue 
independently.

Project Management Coaching Consultancy



Goal of the Green Belt training

After this training, you will understand:

• How Lean (Six Sigma) projects are executed

• Improving processes using the DMAIC methodology and other tools

• Explain Lean (Six Sigma) principles to others

• Identify opportunities for process improvement
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Know

Understand

Apply



Green Belt certification requirements

Theory certification:

• ≥ 80% training hours attendance

• Exam ≥ 70% good, multiple choice

• Open Book (PowerPoint slides)

• Re-exam possible
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The requirements list

Practical certification:

• One practical project applied

• Significant operational improvement

• Examples: quality increase, lead time 

reduction, savings

• 6, 8 of 12 hours of coaching by a (Master) 
Black Belt Bureau Tromp

• Presentation and assessment of the 
project



Needed in this training

• Paper and pencil

• Bring your laptop on day 5 (online exam)
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Lean Green Belt



Online environment: Mijn Bureau Tromp
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Dutch only
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What is Lean Six Sigma?
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Efficiency Variation

Lean
Six 

Sigma

Product or service for 
(internal) customer

Demand

• A 'toolbox' with tools for 
improvement

• A structured approach for process 
improvement

• A culture in which continuous 
improvement is the standard



What is a process?
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Process

Input Output
(internal)

Customer /
Supplier

Unit
A

Unit
B

Unit
C

Unit
D

Unit
E

(internal)
Customer



History of Lean

• Ford Mass Production 

• Developed by Toyoda/Toyota in the 50s

• Not called ‘Lean’ but ‘Toyota Production System’ (TPS)

• Transformed into Lean Management 
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Some background

https://www.youtube.com/watch?v=F5vtCRFRAK0


The Lean house
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Toyota Production System (TPS)

5S / Visual management

Continuous improvement (Kaizen)

Motivated people 

Standardization

Customer value

Jidoka
Quality

• Separation of 
man and 
machine

• Build-in quality
• Poka Yoke

Just in Time
Speed

• Continues flow
• Takt time
• Pull

Low cost

High quality - Short leadtime

Learning organization



Meals per hour
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https://www.youtube.com/watch?v=EedMmMedj3M
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The 5 principles of Lean
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Lean 2. Value Stream

How does the 
Value Stream 

run?

1. Value

Who is the customer 
and what does the 

customer want?

5. Perfection

Continuous 
improvement

3. Flow

Smooth processing

(no disturbances)

4. Pull

Produce on 
customer 
demand



Principle 1: Value
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3 Types

Customer Value Added (CVA)

• It's a useful process step

• What the customer wants to pay for or wait for

Business Value Added (BVA)

• Needed for legislation or the environment

• Needed for safety

Non-Value Added (NVA)

• Waste

Waste

Eliminate
Business Value

Minimalize

40%

50%

10%

Customer Value

Improve



Principle 1: Value
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Lean at home!



Principle 1: Value
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8 Forms of waste

TIMWOODS
Transport (1)
Inventory (2)
Motion (3)
Waiting (4)
Overproduction (5)  (produce too many units)
Overprocessing (6)  (too much processing of each unit)
Defects (7)  
Skills (8)
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Six Sigma

Purpose of Six Sigma:

• Delivery of constant quality

• Reduction of variation in processes

Through:

• To measure = to manage

• Statistics and Probability Calculation

Because:

• Customers experience variation, not the average

Sigma (σ) is the symbol for standard deviation and is a 

measure for the spread of data

22

What is Six Sigma

Variation doesn’t matter when within boundaries:

• Voice of the customer vs. voice of the process 



Six Sigma

Count the number of times the 6th letter of the alphabet occurs in the text below:

The necessity of training farm hands for first class farms in the fatherly 

handling of farm livestock is foremost in the minds of farm owners. Since the 

forefathers of the farm owners trained the farm hands for first class farms in 

the fatherly handling of farm livestock, the farm owners feel they should carry 

on with the family tradition of training farm hands of first-class farms in the 

fatherly handling of farm livestock because the believe it is the basis of good 

fundamental farm management.
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Exercise: Variation



Six Sigma
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Variation is part of nature



Yield vs. Rolled Troughput Yield  (of the process)
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Classical calculation and Lean Six Sigma approach

Input
250

Output
209Customer/ 

Supplier
CustomerProcess

Classical:

41

Lean Six Sigma:

Customer/ 
Supplier

Process step 
1

Y1

Process step 
2

Y2

Process step 
3

Y3

Customer

Input
250

10

10 26 13

230 180

24 7

Output
160

Total rework: 49 𝑅𝑜𝑙𝑙𝑒𝑑 𝑇𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 𝑌𝑖𝑒𝑙𝑑 𝐹𝑇𝑅 = 𝑌1 𝑥 𝑌2 𝑥 𝑌3

Rework?

Total rejected: 41

𝑌𝑖𝑒𝑙𝑑 =
𝑂𝑢𝑡𝑝𝑢𝑡

𝐼𝑛𝑝𝑢𝑡
=

209

250
= 84%

=
230

250
𝑥

180

230
𝑥

160

180
= 64%



Six Sigma

Sigma is a measure of spread and provides a way of measuring performance. It says something about the process yield 

that meets the customer’s demand. This is called Yield and is expressed in percentage.
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Six Sigma indicator for process performance

Sigma level Yield DPMO

0 σ 6,70% 933.193

1 σ 30,85% 691.462

2 σ 69,10% 308.538

3 σ 93,32% 66.807

4 σ 99,379% 6.210

5 σ 99,977% 233

6 σ 99,99966% 3,4



Six Sigma

27

6 Sigma vs 4?

▪ 20.000 lost mail items per hour

▪ 15 minutes of unsafe drinking water per day 

▪ 5.000 incorrect medical procedures per week 

▪ Two failed landings at Schiphol a day 

▪ 200.000 incorrect prescribed medication per year 

▪ No electricity for 7 hours a month

▪ 7 lost mail items per day

▪ 1 minute of unsafe drinking water every 7 months

▪ 1,7 incorrect medical procedures per week

▪ One failed landing at Schiphol every 5 years

▪ 68 incorrect prescribed medication per year

▪ No electricity for 1 hour every 34 years

VS

4 Sigma = 99% good 6 Sigma = 99.99966% good



Lean & Six Sigma
Differences and similarities

Analytical

• Reduce variation

• Prevent defects

• Use of data and statistical analysis

• Improvement projects

• Improving the organizationSimilarities

• Customer Value is key

• Improve quality

• Continuous improvement

• Structured approach for root-
cause analysis

• Management involvement 
required

Pragmatic

• Reducing total process leadtime

• Eliminate waste

• Examine actual activities at the 
workplace

• Improve in short cycles

• Use common sense

• Improving together with the 
organization

Efficiency Variation

Lean
Six 

Sigma

28
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Coffee Filter Game
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Lean Green Belt training

Day 2
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How to approach an improvement project?

Challenge 1

Management must always support the improvement initiative.

Challenge 2

You start an improvement initiative yourself. As soon as you get an agreement on your plan of action, you hook up others.

Challenge 3

Project management, change management and improving with Lean Six Sigma are different specialties.
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Success factors



Which improvement approach to select?
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Exercise: improving the expense claim process

Option A

• Discuss what should and should not 

be improved in the expense claim 

process

• Map the current process

• Design and implement 

improvements

• Make sure the improvements are 

secured in the process

Option B

• See what other processes can be 

improved that resemble the 

expense claim process

• Identify bottlenecks

• Come-up with solutions for the 

bottlenecks

• Implement the solutions

Option C

• Determine the objective

• Map the current process

• Review the bottlenecks and 

analyze the root causes

• Design and implement 

improvements



Improvement structures
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Several set-ups, targets and durations
Im

p
ro

ve
m

en
t 

 S
tr

u
ct

u
re

Plan Do Check ActPDCA

Measure Analyse Improve ControlDefineDMAIC

Identify a 
problem or 

need

Assess 
current 

situation
Set Goal

Analyse Root 
Causes

Design 
Solution

Implement 
Solution

Confirm 
Result

Secure future 
successA3

Form team
Describe 
Problem

Introduce 
temporary 

solution

Identify root 
causes

Select 
solution

Implement 
solution

Secure 
solution

Celebrate 
result8D

For deviations in performance for non-complex problems. (1-3 weeks)

Designed to solve quality problems. Diagnosis is more extensive than with the PDCA and more attention is paid to project management. (4-6 
months)

8 steps to improve. If necessary, also visually communicate the status of an improvement project. Short improvement process. (1-8 weeks)

Eight Disciplines Problem Solving. Often used after specific complaints or incidents, less used for a structural problem. (≤ 8 days)



Improvement structures ► A3

• Helps you get to the core of the problem in a structured way

• Always has a problem owner and client

• Also a good means of communication (also with, for example, a DMAIC approach)

• Is made in cooperation with others

• Readable for everyone

• Is produced rather weekly than monthly
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The A3 structure is commonly used for its simplicity and quick overview



Improvement structures ► DMAIC
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Define

Startup of the 
project

Measure

Determining the 
current situation

Analyze

Identification of 
Root Causes

Improve

Improving the 
process

Control

Monitor and 
secure results 

Activities

• Map current process
• Identify waste and 

value
• Identify significant 

project variables and 
measure them (Y and 
X’s)

• Visualize process 
performance

• Analyze Root-
Causes from 
VSM

• Hypothesis tests 
(effect X on Y)

• Select critical X

• Design solutions for 
most important causes

• Assess risks for the 
proposed solution

• Propose new SLA’s and 
KPI’s

• Implement new process
• Manage resistance

• Assessment of 
results

• Continuous 
Improvement of 
new process

• Secure new 
process

• Problem definition
• Set Scope
• Who is the customer 

and what is the related 
demand

• VOC → CTQ
• Project Goal (project Y)
• Map Stakeholder
• Assemble team

Tools

• VSM (current and 
possibly ideal state)

• Measuring Plan

• Fishbone
• 5 x Why
• Pareto diagram

• Brainstorm 
• VSM (future state)
• FMEA
• Poka Yoke
• Implementation Plan

• Control Chart
• Control Plan
• OCAP

• SIPOC
• Kano Analysis
• Stakeholder Analysis
• Communication Plan
• Project Charter

Management of Change



Select a project

Unsuitable Suitable

• Very complex

• Large scope

• Solution is known

• Little or no data access

• Capital intensive

• No strategic alignment

• Focused on (IT-)system change

• Process results (quality or speed) vary widely: focus 

on defects and variation

• Process is characterized by a low degree of 

standardization

• Solution unknown

• High chance of success

• Historic and current data available

38

Which projects are suitable for DMAIC?



Select a project

Different projects can be prioritized using the 

Benefit/Effort matrix

39

Prioritizing projects

Effort
(time/money/resources)

Low

Low High

High

Value



The Lean Six Sigma organization
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Champion

Process owner

(Master) Black Belt

Green Belt

Orange Belt

Yellow Belt

Responsible for LSS implementation. Monitor progress, ensure 
implementation, savings and accept results. Assurance of long-term 
improvements with the process owner.

Responsible for the process result and the result of an improvement project. 
Is also responsible for financial income. Supports in case of problems, project 
selection and provides necessary resources. Owner of the problem and the 
solution.

Responsible for Lean Six Sigma strategy, training, guidance and 
structure. Supports in project selection. Can also carry out 
projects. Transfers project results to the process owner. 
Reports progress of improvement projects.

Participates in projects or carries out small projects of limited size. 
Can define potential projects and help select suitable projects.

Can identify and solve minor problems independently. Also 
responsible for identifying improvement opportunities. Supports in 
projects.

Can identify opportunities for improvement in the 
workplace. Supports in projects.
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Define ► Problem statement

A 'Gemba walk' stands for visiting the workplace that you 

want to improve. In Japanese it literally means 'the real 

place'.

Three key elements of the Gemba Walk:

1. See & experience

2. Ask questions

3. Show respect
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Gemba-walk

1. Pick a 
theme

2. Prepare 
the team

3. Focus on 
the process

4. Follow 
the value 

stream

5. Document 
the 

observations

6. Use an 
extra pair 

of eyes

7. Provide 
feedback

The 7 steps in the Gemba walk



Define ► SIPOC (Supplier, Input, Process, Output, Customer)

Purpose of the SIPOC:

• Helps the team understand the process

• Ensuring a clear picture of the process (a clear means of communication)

• Determining (and validating) the scope of the process you want to improve

• Provides insight in the stakeholders involved in the process
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A global view on the process

Step-by-step plan to create a SIPOC:

1. Determine the start and end of the process

2. Describe the main process between start 

and end in 4-7 steps

3. Identify the Output(s) (products, service, 

information)

4. For each output, describe the Customer

5. Identify the Input(s) of the process

6. Describe the Supplier for each input (who, 

what do they deliver, what is the effect on 

the process)
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Define ► Customer demand

• External and internal customers

• Customers ’pay our bill’

• Customers are always right… (even if we can't meet their requirements or only at prices below cost)

• Customers ‘help’ us determine which activities add value and which do not!

Changes in customer behaviour are important input for an organization's strategy and process design

• It is important to identify in your product/service offering those things that (strongly) influence customer satisfaction

Gathering VOC:

• Reactive data (complaints, service demands, customer surveys)

• Pro active data (interviews, market research, customer panels)
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Voice of the Customer (VOC)

Voice of the Customer examples:

• We want certainty about the delivery date

• I want a shorter delivery time

• We want faster answers to our questions

• It should be easier to place an order

• Delivery must always meet the agreed requirements

• I like to know more about my delivery times



Define ► Customer demand
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Kano model: prioritizing Customer demand

Must haves
These needs are not expressed, only 
as a complaint 

Satisfiers
The more, the better

Delighters
The customer does not expect it but is 
very happy with it. These needs are also 
not expressed

Demand 
unfulfilled

Demand 
fulfilled

Satisfied

Dissatisfied
Customer needs change over time, so 

keep evaluating periodically!



Define ► From customer demand to specific requirements

• Translation from customer demand to specific critical-to-

quality requirements and measurable parameters (to measure 

= to manage)

• Provides a total overview of the measurable indicators

• Clearly illustrates the relationships between wishes and 

current conditions

• A Lean Six Sigma project focuses on one ‘Y’ !
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Critical To Quality (CTQ)

Good 
customer 

service

Knowledge

Accuracy

Speed

Friendliness

Treatment

Politeness

All customers 
greeted by their 

first name

Customer score 
on politeness > 

8.5

All customers 
are addressed 

with Madam/Sir

Average ‘search 
time’ < 50 
seconds

% questions 
answered ‘first 

time right’

CTQ tree

VOC Demand Specific 
demand

Measurable 
parameters (‘Y’)
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Define ► Stakeholder Analysis

A stakeholder analysis: The structured mapping of stakeholders, including the position (and attitude) towards the 

improvement project.

Stakeholders:

• are being affected by the change

• are involved in the project/process

• are customers, suppliers, shareholders or interested parties

• can influence your project

Without a clear picture of the stakeholders, the risks of resistance are increasing:

49

What are stakeholders?

Political:

• Lack of growth

• Difficult relationship with superiors

• Own domain at risk

Emotional:

• Loss of reputation and trust

• Loss of self confidence

• Fear of the unknown

• Demotion

Rational:

• Job loss

• Change of role

• Relocation due to work

• Unknown future



Define ► Stakeholder Analysis

Step 1: Analysis and Mapping

• Identification of stakeholders and registration of concerns and 

issues

• Will be performed with project members during a work session

Step 2: Communication Planning

• Determine how, how frequently and when we communicate with 

project stakeholders

Step 3: Continuous re-evaluation and follow-up

• Stakeholder management is dynamic!

50

Analysis and Communication Plan

Attention: The stakeholder analysis is one of the few tools that we 
don’t share outside the project group, because we classify 
employees according to expected resistance.



Define ► Project Charter

A Project Charter contains information about the improvement 
project and consists of:

• Background of the problem/need

• Measurable objective of the improvement project

• Scope of the project

• Approach and rough planning 

• The business case (cost versus benefit)

• Which project team will be put together

• An agreement of the client

Tollgate review:

• A review at every phase end

• The project leader presents the results and expectations for the 
follow-up to the client

• The client makes a Go / No-go decision

51

Tollgate reviews are done using a Project Charter

The Project Charter is updated (after) each DMAIC 
phase with the results of the project!



Define ► Project Team and Kick-off

Tips for forming a Project Team:

• Look for team members with knowledge and experience in multiple aspects of the project

• Provide a multi disciplinary team

• Project team of 4-6 people

• Ensure correct skills and proper sense of urgency

Why a Kick-off:

• Team bonding

• Discuss project goal

• Setting project rules

• Assigning roles and responsibilities in team

• Discuss planning

52

Forming the Project Team and start the project



Lean Green Belt training

Day 3
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Principle 2: Value Stream
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Why Value Stream Analysis

Common view

Communication support

Support for change

Change is easier when the problems are 
clear



Principle 2: Value Stream

1. Determine which product flow and/or process(es) will be mapped. (We map the actual process!)

2. First determine the main steps of the process for one product/service and then list vertically down the activities per 

step

3. Add process data (process times, changeover time, downtime, lead time, waiting times, stock and transport etc.)

4. Add the information stream

5. Flag the steps: when is value being added (CVA) and when not?

6. Verify the Value Stream using Gemba walks

7. During the creation of the Value Stream: identify and mark bottlenecks and improvement opportunities (use post-its)

Besides the current situation, you can also map the 'ideal situation' or 'desired situation’. This is usually done in the 

Improve phase.
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Steps to create the Value Stream



Principle 2: Value Stream

A Value Stream Map is a process map added with detailed information
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Example: processing a damage report

Receive claim
Check data 
provided

Validate claim
Calculate 

compensation
Inform customer

Set priority for 
messages in inbox 

Check description Evaluate cause
Check terms and 

conditions
Send email to 

requestor

Obtain missing 
data from 
requestor

Check date/time

Check people 
involved

Evaluate amount 
of damage

Evaluate liability

Create 
compensation 

proposal

Process feedback 
2nd assessor

Approval manager

Read email in 
inbox

CVA BVA / NVA

2

7

4

1

4

25

15

30

10

2

10

3

2

15

Improvement
opportunities

Main steps
(SIPOC)

Activities

Customer

Damage Claim Reimbursement Statement 

Create case in 
case management 

system
8

Update case in 
case management 

system
5

Update case in 
case management 

system
5

Case  management system

Information
Process data (e.g. 
Processing time, 

defects, FTR)

Customer



Measure ► Process Mapping

A process can be mapped in different ways. Depending on the goal, you can choose:
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Different forms of process mapping

Method Purpose

SIPOC Little detail, chain approach, scoping

Flow chart Focused on activities in the process, more detailed

Swimming lanes Focused on activities in the process (more detailed), split per department or 
function (swimming lanes)

Makigami Focused on processes where the 'product' is not directly visible, physical or 
transparent (services/administration).

Spaghetti diagram Focused on mapping movement and transport

Value Stream Map Focused on the product, mapping types of waste

Process Mining Mapping the process based on log data from systems

Customer Journey Mapping Focused on customer experience during the process



Measure ► Process Mapping

59

SIPOC

SUPPLIER INPUT PROCES OUTPUT CUSTOMER



Measure ► Process Mapping
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Flow chart



Measure ► Process Mapping
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Swimming Lanes

Specialist
Judge 

request

Case 
manager

Intake case Process case

Teamlead
Approve 
request

Front Office
Log in 
system

Send permit

Customer
Request 
permit

Receive 
permit



Measure ► Process Mapping
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Makigami

# Transfers

1 2 3 4 5 6 7 8 9

Service point Afleveren 1

Receptie Distribueren 2

Klantbezoeker Ontvangen Rapporteren Afsluiten klacht 2

Accountmanager Ontvangen Rapporteren Terugkoppelen klant 2

Klachtenbureau Opboeken 1

Materiaal onderzoek Behandelen Terugkoppelen 5

Analyse laboratorium Extra onderzoeken 1

Keuringen Extra onderzoeken 1

Micro onderzoek Extra onderzoeken 1

Informatiedragers

# informatie

dragers

16

Doorlooptijd 2-4 hr 1 hr - 1 wk 1 dag-2 wk 2 hr 2 hr-2 wk 2 dg- 2 wk 4 hr- 3 wk 1 dg- 3 wk 1 hr- 2 wk gem 457 hr

Actietijd 2 min 15 min 10 min 30 min 2 uur 3 uur 1 uur 2 uur 30 min 9,45 hr

Waarde toevoegende tijd 10 sec 5 sec 5 sec 2 uur 30 min 30 min 10 min 3,17 hr

First time right % 98 95 92 96 89 92 98 99 96

Problemen/verliezen

17 

problemen

Betrokken partijen Activiteiten per stap

Materiaalstroom van proefmonsters ten behoeve van klachtenafhandeling (defect onderdeel nav incident vliegtuig)

Label met 
geadresseerde

Telefoon

Formulier 
met klacht
omschrijving

Klachtensysteem

Label met 
geadresseerde

Foto's

Opdrachtformulier

Opdrachtformulier Email

Onderzoeksrapport
per post

Klachtenrapport

Klachten
rapport

Klachtensysteem

Telefoon

Email

Klachtenrapport

Receptie niet 
altijd aanwezig

Niet altijd
aangegeven 
voor wie 
pakket is

Pakket wordt op 
balie achtergelaten

Receptie moet

uitzoeken voor wie 
pakket is

Receptie moet 
meerdere keren 
bellen

Het ophalen 
gebeurt 
niet direct

Proefmonster
blijft te lang op 
kantoor liggen

Klacht op diverse 
manieren 
omschreven 
(geen standaard)

Informatie is 
niet volledig

Extra informatie 
nodig

Wacht op extra 
info van klant

Geen 
coordinatie als 
alle onderzoeken 
zijn vereist

Terugkoppeling 
van de extra
onderzoeken 
gebeurt 
onafhankelijk 

KLachtenrapport 
kan pas worden 
opgesteld als alle 
resultaten 

Resutlaten 
klachtenrapport 
kan pas worden 
besproken als 
klantbez en 
acc.manager 
aanwezig zijn

Klacht wordt niet 
direct afgesloten
in systeem

Terugkoppeling
naar de klant 
wordt niet direct 
opgepakt

Actors in the first 
column, and activities 
over time

Information carriers

Bottlenecks by 
activity

Data box, e.g., reject,
change over time



Measure ► Process Mapping

Goal: to map unnecessary movements of people and transport of products (files, photos, items).

Steps to create a Spaghetti diagram

1. Start with a map of the work area

2. Choose the topic you want to follow (material, people, information)

3. Capture every move of the target until it’s finished
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Spaghetti diagram



Measure ► Process Mapping

Check for:

• Compliance issues

• Bottlenecks

• Rework

What do I need to start?

• Data: case number, activity and timestamp

• Software: free and paid options

More info: ProcessMiningTraining.nl

64

Process Mining



Measure ► Process Mapping
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Customer Journey Mapping
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Day 3

Day 1
Introduction Lean and Six Sigma, 
Value

Day 2 Improvement structures, Define

Day 3 Value Stream, Measure, Analyze

Day 4 Flow, Pull, Improve

Day 5
Control, Perfection, Exam, 
Change management

Principle 2: Value Stream
(process mapping)

Measure

Analyze



Measure ►Measure
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To measure = to manage, isn’t it?



Measure ►Measure

Process performance (Voice of the Process): Project Y and possibly do-not-harm Y’s

Support the VSM with measurements: Which factors (X's) influence the output of the process (Y)?
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Example: What to measure?

CTQ’s
Input

Variables
(X’s) 

Output

Y1

Y2

Y3

Project Y

Process Variables (X’s) 

VOC

A beautiful 
cake

• Dimensions
• Dryness
• Taste
• Appearance

Flower

Eggs

Sugar

Sifting

Mix time

Oven setting Temp. oven

Decorate

Y1 - Height of the cake
Y2 - Cake temperature
Y3 - % moisture
Y4 - % subjects giving an 

8 or higher 

Y4



Measure ►Measure

We measure to get a better understanding of the existing situation, because:

• A lot of relevant process information is hardly stored

• The information is often of poor quality

• We find that we do not have enough information to get a correct and complete picture of the 'hidden factory'

• To understand these 'blind spots' we will have to measure and obtain the missing information
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Measuring plan



Measure ►Measure

What is a sample?

A subset of your population (group of people or things), which is representative of the entire population.

Why take a sample?

• Practically and cost-wise, it is not possible to examine the entire population

• You take a sample to enable making statements about the entire population

• We use the data from the sample to perform analyses and test hypotheses

• Additional samples can be taken during the Analysis phase to further investigate possible influence factors

How big should my sample size be?

• Take enough measurements to detect all variations in the process (consider influence factors)

• Take enough time to detect over time variations (if process is not stable)

• Rule of thumb: n ≥ 30
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Sample



Measure ►Measuring plan

• All measurements can be traced back to the intended Y (CTQ) or underlying X's

• Next, think carefully about the procedure how to perform the measurement (see also Gage R&R)
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Example: what is the measuring plan?

No Y/X
Operational 
definition

Measuring 
procedure

Unit Sample size Who? When? 
How will the data be 

analyzed?

1 Y Height of cake 
Measure height of 
cake 

Millimeter 10 cakes per day
Quality 
control 
officer

• Monday
• Wednesday
• Friday

• Histogram
• Time series plot

2 X
Amount of flour in 
mixer

Weigh with scales Gram Every 2nd batch
Trainee 
baker

• September
• October

• Histogram

3 X
Number of eggs in 
mixer

Count number of 
eggs 

Number Every 2nd batch
Trainee 
baker

• September
• October

• Histogram

4 X Sugar in mixer Weigh with scales Gram Every 2nd batch
Trainee 
baker

• September
• October

• Histogram
• Boxplot

5 X
Temperature 
settings oven

Register oven 
temperature 
settings

Degrees 
Celsius

Every 2nd batch Baker
• September
• October

• Time series plot

6 … …



Measure ►Measuring plan

The assignment:

• Put two pieces of tape on the floor one meter apart from each other (see picture).

• Throw from one line 20 times a marble as close as possible to the other line.

• Measure the distance from the line to the centre of the marble each time (this will give both negative and positive 
numbers). Make sure that you measure in the same way every time.

• Calculate over this data set (20 measuring points): Mean (possibly median, mode, spread, variance, standard deviation)

• Make a histogram
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Exercise: marbles

1 meter

Stand behind this 
piece of tape

Throw as close as possible to this 
piece of tape



Measure► Visualize your measurements

Different graphs can be used to visualize your data. This way, It’s immediately clear what is meant or how a process 
performs. 

Several visual representations that are used to visualize process performance, are:

• Histogram

• Control chart

• Time series plot

• Pareto analysis
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Different graphs



Measure► Visualize your measurements
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Control charts

Common cause of variation Special cause of variation

• Are always present, inherent in the process • Occur occasionally and disrupt the process

• Joined influence of many small causes • Influence of a certain identifiable cause 
(unless it’s long term)

• Difficult to detect and tackle • Can be detected directly and usually removed 
immediately (unless it’s long term)

Outliers



Measure► Visualize your measurements

• Representation of trends, shifts or patterns in a process over time. This is similar to the control chart, except that no 
control limits are displayed. So here you can see the progression over time. 

• The variation in the process is clear. Here you can also indicate your process objectives. 

• Here you see the payment duration of invoices. If the payment duration is longer than 30 days, you are not satisfied. 
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Time Series Plot



Measure► Visualize your measurements

• When analyzing processes, the Pareto Chart is a useful tool for identifying the size of problems

• Focus on 20% of the causes to tackle 80% of the problems

• Some small causes are not worth spending time on

• A bar and line chart in one:
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Pareto analysis

Cumulative 
percentage

-100%
-90%
-80%
-70%
-60%
-50%
-40%
-30%
-20%
-10%
-0%

Number 
(e.g. complaints, 
incidents)

A B C D E F

50-
45-
40-
35-
30-
25-
20-
15-
10-

5-
0-

Big Small

Root causes



Process Performance

• The three quality indicators show how well the process is performing and can also be used as a baseline and follow-up 

measurement
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Quality indicators

𝑫𝑷𝑴𝑶 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑢𝑛𝑖𝑡𝑠 ∗ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑑𝑒𝑓𝑒𝑐𝑡𝑠
∗ 1.000.000

𝑷𝑷𝑴 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡 𝑢𝑛𝑖𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠
∗ 1.000.000

𝑫𝑷𝑼 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑓𝑒𝑐𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠

DPMO (Defects Per Million Opportunities): draw attention towards reducing the number of errors

PPM (Parts Per Million): from a customer perspective; a product with one or more errors is equally worthless to the 
customer

DPU (Defects Per Unit): average number of defects per unit



Exercise
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Calculate the DPMO, PPM, DPU and Yield of these 6 houses

1

2 3 4

5 6 7

Example of a 'good house'
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Day 3

Day 1
Introduction Lean and Six Sigma, 
Value

Day 2 Improvement structures, Define

Day 3 Value Stream, Measure, Analyze

Day 4 Flow, Pull, Improve

Day 5
Control, Perfection, Exam, 
Change management

Principle 2: Value Stream
(process mapping)

Measure

Analyze



Jefferson Memorial
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Problem: how do we make sure there are no birds?



Analyze► Qualitative analysis

• Root Cause Analysis (RCA) is a problem solving method aimed at identifying the causes of problems or events

• In practise, it is often not the cause of a problem that is solved, but the consequence 
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Root Cause Analysis

We often solve visible 
symptoms of a problem

Consequence: we 
continue firefighting

While the root cause remains

Frequently used tools

• Fishbone diagram (Ishikawa)

• 5 times Why

• Pareto-diagram 



Analyze ► Qualitative analysis 

• A method to reveal possible root causes of a specific problem

• Brainstorming with the team to prevent tunnel vision
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Fishbone diagram (Ishikawa)

In service industry often used: 

• Employee 

• Computer/IT

• Information

• Working method/ procedure

• Customer/supplier

• Management

• Different categories you can use as you see fit 

(department 1, department 2 etc.)



The cook doesn't want 
too many different 
dishes on the menu 

He doesn't know how 
to make certain dishes

He has too little knowledge 
and experience

The food is in the 
kitchen for a long time 
before serving

It is not picked up on time 
by the waiter

Not enough parking spaces 
near the restaurant

People Method

Machine Mother nature

Staff is not friendly 

The waiters are slow to take 
orders

Too little choice on the menu
We don’t measure

Waiting too long for the food No parking space near the 
restaurant

Food is cold

Why?

Why?

Why?

Why?

Why?

Why?

Why?

Measuring

Too many tables to serve

Why are our customers 
dissatisfied after a 
restaurant visit?

Material 83



All 6 team managers 
must sign

Because that's the way 
it was agreed upon 
many years ago 

Back then there were 
only 2 team managers

We have a CRM  
system and an ERP 
system

The ERP system doesn’t 
have the functionality to 
store customer data

The customer forgets to 
include these along with 
the application

Employee Management

Computer/IT Customer/Supplier

Employees often make 
mistakes in the application

Employees work parttime

A lot of signatures are required 
for permission to proceed Files are often not complete

The request must be entered into 
different systems

The applicant does not provide 
the right documents 

We must process the 
application both on paper and 
digitally

Why?

Why?

Why?

Why?

Why?

Why?

Why?

Information

It’s an old version of the 
system

Why do we take too long 
to process a permit ?

Working method 84



Analyze ► Qualitative analysis 

Working in groups:

• Step 1: Place a specific problem in the 'fish head' formulated as a question: why....? / how come....?

• Step 2: Make 6 bones and give them each a category, for example: (6M) Methods, Human, Machine, Material, 

Measurement, Mother Nature. Or in services: Employee - Computer/IT - Information - Work Method -

Customer/Supplier - Management

• Step 3: Brainstorm individually about all possible causes of the problem mentioned in the fish head. Write all possible 

causes on post-its. 1 cause per post-it

• Step 4: Group the same causes together

• Step 5: Give all participants 3-5 stickers. They may place these on causes they think are important to investigate further. 

The 2 or 3 causes chosen most often will be investigated further

• Step 6: Use 5x Why on the causes. Sometimes 2, 3 or 4x why is sufficient
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Exercise: making a fishbone diagram



Analyze ► Qualitative analysis 

• The root cause is the core of the problem. When it is solved, the problem is prevented (to prevent is better than to cure)

• The technique for getting to this root cause is called '5x Why?'

• In theory, this seems like a very simple technique, but it takes practice to really master it

• Ask the right questions to get to the root cause of the problem!
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5x Why

Ignorance

WorkableWhy 5

Why 4 Why 6

Why 1

Why 2

Why 3 Why 7

Why 8

Why 9

Ridiculous



Lean Six Sigma Green Belt training

Day 4
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Value
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Flow
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Pull
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The 5 principles of Lean
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Lean 2. Value Stream

How does the 
Value Stream 

run?

1. Value

Who is the customer 
and what does the 

customer want?

5. Perfection

Continuous 
improvement

3. Flow

Smooth processing

(no disturbances)

4. Pull

Produce on 
customer 
demand



Principle 3: Flow

• How long does it take you to complete the tasks listed below?

Multitasking is a lie

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

• How is your:
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Exercise



Principle 3: Flow

Flow:

• Reduces lead time by making the process flow smoothly

• Eliminates waste: (intermediate) inventory, transport, waiting 

• Increases quality

• Achieving flow means you to go from box-thinking to chain-thinking
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Principle 3: Flow

Takt time

• The rhythm in which the customer orders

• Takt time = effectively available production time / customer demand

Exercise

• An organization has opening hours from 8:30 a.m. to 5 p.m. 

• 30 minutes are spent on the lunch break

• Cleaning takes 2 times 15 minutes per day 

• Customer demand is 100 products per day

• What is the takt time in minutes? 
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Concepts



Principle 3: Flow

• Total Processing Time (PT)

• Time spent working on the product

• Consists of CVA, BVA and NVA

• 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 = 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑠𝑡𝑒𝑝 𝐴 + 𝐵 + 𝐶 + …

• Lead Time (Process Lead Time, PLT)

• Actual lead time to produce one product

• Takes into account intermediate stocks: these must be eliminated first. Is therefore a snapshot

• 𝐿𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 = 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 + 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑡𝑖𝑚𝑒 + 𝑤𝑎𝑖𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

• Process Cycle Efficiency (PCE)

- The ratio of the time in which value is added compared to the lead time

- 𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝐶𝑉𝐴 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒
𝑥100%
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Concepts

Pragmatic way

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑇𝑖𝑚𝑒

𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒
𝑥 100%

Note: we apply the process efficiency 
formula based on customer value (CVA)



Principle 3: Flow

• Exit Rate (ER)

- The speed at which products exit the process

- Determined by the takt time or bottleneck (whichever is greater)

- Expressed in number of products per unit of time, e.g. 20 products per hour

- 𝐸𝑥𝑖𝑡 𝑟𝑎𝑡𝑒 =
1

𝑡𝑎𝑘𝑡 𝑡𝑖𝑚𝑒
or 𝐸𝑥𝑖𝑡 𝑟𝑎𝑡𝑒 =

1

𝑏𝑜𝑡𝑡𝑙𝑒𝑛𝑒𝑐𝑘

Example Exit Rate

- A tire change from summer to winter tires takes 20 minutes. In general, the garage makes one appointment every 

30 minutes:

𝐸𝑥𝑖𝑡 𝑟𝑎𝑡𝑒 (𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑡𝑎𝑘𝑡 𝑡𝑖𝑚𝑒) =
1

30 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟
= 1 customer per 30 minutes => ER = 2 customers/hr

𝐸𝑥𝑖𝑡 𝑟𝑎𝑡𝑒 (𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑏𝑜𝑡𝑡𝑙𝑒𝑛𝑒𝑐𝑘) =
1

20 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟
= 1 customer per 20 minutes => ER = 3 customers/hr

- In this case, the garage can change tires faster than there is customer demand. Should the garage want to help a 

customer every 15 minutes, the tire change becomes a bottleneck and sets the Exit Rate.

94

Concepts



Principle 3: Flow

• Little’s Law 

- Alternative way to calculate lead time (approximate) 

Lead Time=
𝑊𝑜𝑟𝑘 𝐼𝑛 𝑃𝑟𝑜𝑔𝑟𝑒𝑠𝑠 (𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑠𝑡𝑜𝑐𝑘)

𝐸𝑥𝑖𝑡 𝑅𝑎𝑡𝑒

Example Little’s Law

- At the garage, on average 3 customers are in the waiting area during the day. The Exit Rate is 3 customers per hour. 

A tire change takes 20 minutes per car.

- 𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒 =
3 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠

3 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
= 1 hour (the time the customer experiences for tire changing)

- Alternative way of calculating Little's Law is to multiply the intermediate stock by the bottleneck lead time (or the 

takt time if higher):

𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒 = 3 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑥 20 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 = 60 minutes
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Principle 3: Flow

96

Exercise

Calculate the:
• Total Processing Time
• Lead time based on the process measurements
• Process Efficiency
• Lead Time based on Little's Law

Other information
• Takt time = 36 s
• 40% of all Processing Time is CVA, other activities are BVA and NVA

Customer

Process step 1 Process step 2 Process step 3 Process step 4

Customer

• Activity
• Activity
• Activity

• Activity
• Activity
• Activity

• Activity
• Activity
• Activity

I I I

10 5 30
00

• Activity
• Activity
• Activity

I
2 I

24

30 s

20 s

650 s

35 s

250 s

25 s

400 s

35 s

Waiting TimeProcessing Time



Principle 3: Flow

• Total Processing Time 

(= Processing Time step A + B + C + … ) = 20 + 35 + 25 + 35 = 115 seconds

• Lead time based on the process measurements

(= Total Processing Time + recovery time + waiting time) = 30 + 20 + 650 + 35 + 250 + 25 + 400 + 35 = 1445 seconds

• Process Efficiency

(= sum of all CVA Processing Time/ Lead Time) x 100% = (40% of 115 / 1445) x 100% = 3,2% 

• Lead time based on Little's Law

(Lead Time = Work in Progress / Exit Rate)

Work in Progress = 2 + 10 + 5 + 30 = 47 units*

Exit Rate = 
1 𝑚𝑖𝑛𝑢𝑢𝑡

36 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
= 1,67 units per minute

Lead Time = 
47 𝑢𝑛𝑖𝑡𝑠

1,67
= 28,2 minutes (1692 seconds)
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Exercise - elaboration

* We do not include the 24 finished products as they no longer influence our production process
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Principle 3: Flow
Creating Flow

Step Action Example

1
Capture what steps are required in a 
process

2
Determine the maximum time available per 
process step (takt time)

3
Determine the time required for each 
process step (processing time)

4 Optimize processing time > takt time

5

Shift people/resources, cut steps or 
duplicate steps in parallel so that processing 
time < 90% of takt time Process step cut into 2 

steps

Additional employee 
added

Process step optimized

Process step 2, 3 and 4 
need attention



Principle 3: Flow

Characteristics of an unbalanced process:  

• There are bottlenecks: the most time-intensive process step cannot handle the speed of customer demand

• As a result, the work accumulates at a process step

• The expected lead time increases more and more 

How do you recognize it? 

• Stock counting: high (and increasing) intermediate stock

• Time measurements: processing time > takt time

• Disproportionate workload: high workload at the bottleneck, low workload after the bottleneck

Goal: processing time = 90% of takt time (safe margin of 10%)

• If processing time < 90% task time: too much waste (e.g. waiting time)

• If processing time > 90% task time: workload too high, bottlenecks
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Recognizing flow



Principle 3: Flow

One-piece flow is the 'ultimate Lean solution':

• Reduced intermediate and final inventory

• Improved quality

• Errors are not passed on to the next process step

• Employees are skilled in multiple tasks

• Stable and robust

In reality a mixed setup is often better
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One-piece-flow
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Lego game
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Experience Flow and Pull

Step 1 Step 2 Step 3 Step 4

Work instructions:

• No preliminary work: do not start until you have received a half-product

• No rework: once a mistake is made, just pass it on

• Work at a normal pace (not fast, not slow)

• No helping colleagues: maximum 1 person per station
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Principle 4: Pull

From push to pull: Produce based on customer demand: outflow is signal for new inflow

Benefits of pull manufacturing

• Less unwanted or overproduced products

• Protection against stockpiling

• Earlier signal of errors in a product

• Problems on the work floor become visible

104

'Flow if you can, Pull if you can’t'

vs.

CustomerStep 1 Step 2 Step 3



Principle 4: Pull

1. Outflow is the signal for new inflow

• Do not make products for which there is no customer demand (waste)

• Ensures a decrease in intermediate and final inventory and thus lead time

2. The limit to the amount of intermediate stock is set in advance

• Useful tool for this is Kanban

• Kan = visual, Ban = board
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Characteristics of a pull system



Principle 4: Pull
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Kanban variants

Two bin Kanban
Production Kanban

Signal Kanban



Principle 4: Pull

Step 1: Establish current performance

• Calculate lead time and process efficiency

Step 2: Determine desired performance

• Establish the desired process efficiency (business goal)

• Calculate the corresponding lead time (the processing time remains the same)

• Calculate the maximum intermediate stock to meet the lead time. We also call this the WIP cap (maximum Work In 

Progress).
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Designing a Pull system

Step 1 Step 2

Processing 
Time: 3d

Processing 
Time: 2d

Waiting time created 
by stock: 4x2= 8d

Lead Time: 13 days

WIP-cap = 1

Step 1 Step 2

Processing 
Time: 3d

Processing 
Time: 2d

Waiting time created 
by stock : 1x2= 2d

Lead Time: 7 days



Principle 4: Pull

Many processes are initiated by the customer:

• Requests come in via the website

• Customer places an order by telephone

• Customer walks into a store

• Patient arrives at the emergency room

Departments (internal customers) decide where the priorities lie, for example:

• Maximum quantity of work in progress (WIP cap)

• Process requests according to FIFO principle or other agreements

• Add capacity on fluctuating customer demand

• Service-level agreements between departments

108

Pull in the service industry

VS.



Principle 4: Pull

Information current situation

• Exit Rate = 10 applications per hour

• Intermediate stock = 20 applications

• Processing time = 6 minutes per request (3 minutes of which are CVA)

• Available time = 100 hours

For the current situation:

a) What is the current Lead time?

b) What is the process efficiency?

In the new situation, management wants a process efficiency of 5%:

a) What is the corresponding lead time?

b) What should the WIP cap (maximum intermediate inventory) be to achieve this?
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Exercise



Principle 4: Pull

Information current situation

• Exit rate = 10 applications per hour

• Intermediate stock = 20 applications

• Processing time = 6 minutes per request (3 minutes of which are CVA)

• Available time = 100 hours

Elaboration current situation: 

a) What is the current Lead time?

Lead Time = 
𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑠𝑡𝑜𝑐𝑘

𝐸𝑥𝑖𝑡 𝑅𝑎𝑡𝑒
=

20 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠

10 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
= 2 hours (120 minutes)

b) What is the process efficiency?

Process Efficiency = 
𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝐶𝑉𝐴 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒
𝑥 100% =

3 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

120 𝑚𝑖𝑛𝑢𝑡𝑒𝑠
𝑥 100% = 2,5%

110

Example - elaboration



Principle 4: Pull

Elaboration new situation:

In the new situation, management wants a process efficiency of 5%. 

a) What is the corresponding lead time?

Process Efficiency = 
𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝐶𝑉𝐴 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒
𝑥 100% = → Lead Time = 

𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝐶𝑉𝐴 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
x 100%

Lead Time =
3 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

5%
𝑥 100% = 60 minutes

b) What should the WIP cap (maximum intermediate inventory) be to achieve this?

Lead Time = 
𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑆𝑡𝑜𝑐𝑘

𝐸𝑥𝑖𝑡 𝑅𝑎𝑡𝑒
→ 𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑆𝑡𝑜𝑐𝑘 = 𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒 𝑥 𝐸𝑥𝑖𝑡 𝑅𝑎𝑡𝑒

WIP cap (Intermediate Stock) = 60 minutes * 10 applications per hour = 10 applications
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Example - elaboration
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Improve

• In the Analysis phase, we identified the 
root cause of a number of influencing 
factors

• These root causes form the starting 
point for the Improve phase to find an 
appropriate improvement
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Designing the improvement

Root cause Creative thinking
• Brainstorming
• Mindmap
• Lateral thinking
• 6 Thinking hats

Rational thinking
• Multi voting
• Solution Selection matrix
• Pairwise comparison

First Time Right
• FMEA
• Poka Yoke

Do, Check, Act
• Pilot
• Implementation plan
• Control plan

Diverging

Converging

Decision

Risk Analysis

Refinement

Pilot & Implementation



Improve ► Brainstorming

• Assemble the group, use individuals from different disciplines to leverage diversity of knowledge and experience

• Explain the purpose of a brainstorming session: to generate possible solutions

• Give everyone time (a few minutes) to express their thoughts

• Collect ideas

• No discussion or criticism of any idea

• Build on ideas from others

• Collection can be done in different ways (e.g. post-it)

• Conclude with

• Listing all ideas

• Combine similar ideas

• Clarify next steps
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Looking for possible solutions to the problem

Agenda (example):

1. Discuss objective 5 min.

2. Explain rules (do's and don'ts) 5 min.

3. Brainstorm 20 min.

4. Prioritize solutions 15 min.

5. Summary 5 min.

6. Determine next steps 10 min.



Improve► Thinking hats by ‘De Bono’

A useful technique to come to the right decision together was 

developed by Edward de Bono. It is based on the idea that 

people often tend to approach problems in the same way. By 

using the thinking caps, you are forced to look at the problem 

from a different angle and perspective.

Helps with:

• Team gets stuck in the same arguments always put-on ‘one 

color hat’ as team and then change to one other color to 

obtain different thinking

• A team member that is unable to overcome resistance: 

deliberately put on a green hat for the 'black 

troublemaker’ 
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Approaching a problem from different perspectives

• Thinking in terms of facts, figures and 

information

• Objective

• Thinking from emotion

• Feeling and intuition

• Focus on anything that can go wrong, is 

incorrect, or involves risk

• Pessimistic, devil's advocate

• Looking for opportunities

• Positive, optimistic

• In search of new ideas

• Creative and freewheeling

• Focused on the thought process

• Contemplative, controlling



Improve► Solution Selection Matrix

Method to compare alternatives based on criteria and the importance of those criteria

Step 1: Create a list of 'wish' criteria

Step 2: Assign weight (1-100) to the list of ‘wish' criteria

Step 3: Compare the possible solutions based on the set criteria (score 1-10)

Step 4: Calculate the total score (weight x score)
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Deciding is difficult: objectivity can help

‘Wish’ criteria Weight
House A 

(Breukelen)
House B 
(Utrecht)

House C  
(Breda)

Size of the garden 5 3 (15) 1 (5) 9 (45)

Living space 20 8 (160) 6 (120) 8 (160)

Distance to work 20 6 (120) 9 (180) 2 (40)

Distance to schools 15 9 (135) 9 (135) 6 (90)

Price 40 5 (200) 7 (160) 7 (280)

Total score 100 630 600 615



Improve ► Risk Analysis
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Failure Mode and Effect Analysis (FMEA)

VOC / CTQ -> Readability Speed Quality Process output

Importance CTQ -> 6 9 8

Process step Correlation between process step & output Total

Receiving file 0 6 1 62

Assigning file 0 6 2 70

Preparing invoice 9 3 6 129

Providing advice 6 0 9 108

Adjusting invoice 6 1 3 69

Checking invoice 3 0 9 90

Sending invoice 1 9 3 111

Closing file 0 0 3 24

Continue 
FMEA with 

top 2 / 3

Influence on customer 
requirements:
0 – no connection
1 – minimal
3 – low
6 – medium
9 – a lot

Importance 
to customer:

1-10



Improve► Risk Analysis

An FMEA investigates the consequence of possible failure on a product or on a process. This enables us to take corrective 
measures in advance: this prevents this possible failure, reduce the probability or reduce the impact.

Goal

• Recognize causes and find possible weaknesses in a process

• Assigning priorities for further analysis

• Assessing the risk posed to the customer / organization

• Defining measures to reduce the risk
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Failure Mode and Effect Analysis (FMEA)

RPN

Severity

Frequency
Likelihood

of 
detection

• Severity: how severe the possible failure is (1-10)

• Frequency of occurrence: how frequently they occur (1-10)

• Likelihood of detection: chance of not detecting the failure in time (1-10)

• Risk Priority Number (RPN) = Severity x Frequency of occurrence x Likelihood of detection



Improve ► Example FMEA
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Preparing and sending an invoice

Process step Potential mistake Severity Frequency Detection RPN

Preparing invoice Wrong product description 2 3 6 36

Wrong quantity 8 3 3 72

Wrong amount 8 5 6 240

Sending invoice Wrong email address 10 3 5 150

Wrong name 5 1 5 25

Focus on 1 or 2 mistakes 
with the highest RPN score



Improve► Risk Analysis

• Translation from Japanese -> Poka: ‘unintentional error’, Yoke: ‘occurrence’

• Poka Yoke is adjusting the process to prevent an error

• Adjusting the process so that no more wrong parts or actions are possible: Right numbers, no forgetting parts, do not 
let people choose; limit adjusting settings by people

Poka Yoke rules:

• Should not cost anything

• The simpler the better

• There is no other way to do an action

• Measuring is not a Poka Yoke solution

• No decisions needed at the time of action
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Poka Yoke

Failsafe
(forcing)

Visual controls
(warning)

Visual aids

(information) 



Improve► Pilot and Implementation

• The pilot is a test (in whole or in part) of a proposed solution executed on a small scale in order to better understand 

the effects of that solution

• Learning from the pilot will help us implement the solution more effectively on a large scale

Step 1: Create a plan to implement the pilot 

Step 2: Create a Data Collection Plan

Step 3: Communicate the approach and strategy

Step 4: Train the staff

Step 5: Conduct the pilot and data collection according to plan

Step 6: Evaluate the effectiveness of the solution

Step 7: Identify additional improvement opportunities that can help achieve the improvement goal

Step 8: Evaluate the implementation of the entire pilot (including Go / No go decision)
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Pilot



Improve► Pilot and Implementation

Define and clarify all activities, responsibilities and data relevant to a successful implementation

• Often on a single A4 sheet (very similar to a Project Charter)

• Simple writing

• Clear roles, responsibilities and authority

• Planning

• Key risks

• Plan for risk mitigation
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Implementation plan



Lean Green Belt training

Day 5
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Control ► Process Control

125

Why process control?

Before project
Successful

implementation No sustainment

Time

P
e
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Control ► Process Control

SPC is the statistical control of the process. After the control limits have been established, control charts with measured 

values can be used to assess whether a process is under control.

Purpose of SPC:

• Find out if the process is stable and under control

• Identify common and special causes

• Determining tools in order to control the process

Examples of rules that make special causes visible:

• Measurements outside the process limits: deviations

• 7 consecutive measurements ascending or descending: trend

• 7 consecutive measurements on the same side of the average: the average will shift

• First understand what is happening, then take action
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Statistical Process Control (SPC)



Control ► Process Control

A control chart shows the measured process performance in a certain period and thus shows when a process is no longer 

in control:

• Maximum 1 measured point outside the control limits -> process is 'in control'

• 2 or more measured points outside the control limits -> process is not 'in control'
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Control Charts

UCL

LCL

UCL

LCL

UCL

LCL

UCL

LCL

UCL

LCL

The process is 'in control'



Control ► Process Control

• The Control plan is an overview of all elements of a process that we want to control and 

monitor to prevent us from falling into old behavior or habits

• The Out of Control Action Plan (OCAP) indicates which actions we take if we deviate too much 

from the specifications and is part of the control plan
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Control Plan and Out of Control Action Plan (OCAP)

In the Control plan we state:

• Responsible for executing the control plan

• What exactly are we going to control?

• Which X or Y is it?

• Specifications of X or Y

• What procedures do we have to control this element?

• Measuring plan: what and how are we going to measure?

• Reaction plan (Out of Control plan): what actions do we take 

if we deviate too much from the specifications?

In the Out of Control Action Plan we state:

• Flowchart of decisions and actions to regain 

control of the X

• Actions that must be performed immediately 

using work instructions and procedures

Examples of Out of Control actions:

• Product recalls

• Andon: shutting down production line

' Don't call a meeting when 
you're under enemy fire ' 

(Tom Bassett)



Control ► Procesbeheersing

Example flow chart

• Based on knowledge and experience of the process

• Knowledge is based on (but not limited to) a process FMEA

• ‘Continue changing document’, will be adjusted on the basis of experiences
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Example: Out of Control Action Plan (OCAP)



Control ► Process Control

Assignment: Make an OCAP (Out of Control Action Plan) for the train connection Eindhoven-Utrecht

Method:

• Work in pairs or groups of 3

• Take a flip-over and markers

• Describe for one situation that deviates from the norm:

• How it is observed that the operation deviates from the norm (VOC)

• What actions should be taken at that moment in that situation (of deviation)

• Which people should perform those actions

• When the organization will return to normal operation and what actions will be involved

• Preferably make a flow chart (see previous slide)

• Duration: 25 minutes
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Exercise: making an OCAP



Control ► Finish project

• It is important to visualize the financial results of 

your project

• Therefore, involve someone who can provide you 

with financial data for your project as soon as 

possible (e.g. an accountant, controller).

• Estimate the resulting or expected savings of your 

process improvement
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Financial results



Control ► Finish project
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Celebrate the success!
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The 5 principles of Lean
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Lean 2. Value Stream

How does the 
Value Stream 

run?

1. Value

Who is the customer 
and what does the 

customer want?

5. Perfection

Continuous 
improvement

3. Flow

Smooth processing

(no disturbances)

4. Pull

Produce on 
customer 
demand



Principle 5: Perfection

• Improve continuously

• Organize a (consultation) structure in which continuous improvement becomes part of daily work

• Use events to realise improvements that cannot be achieved in the daily work

Instruments and techniques:

• Daily and weekly standups, improvement board

• 5S

• Kaizen events
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What is Perfection?

Use the time you save to talk to customers and suppliers 
about their (new) needs



Perfection ► Daily and weekly standups
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Performance dialogue and relationship to improvement board

KPI ? = improve!

Effect on KPI

Looking ahead

Improvement 
ideas

Daily/ weekly standup Board

Looking back

Bottlenecks
1.
2.

Actions 
(bottlenecks)

1.
2.
3.

Continuous improve

Improvement board

A3

DMAIC

A3

Quick win
Kaizen

Small 
Kaizen

Successes
1.
2.

KPIs

Resource 
planning

Mood board



Perfection ► Daily and weekly standups

Goals Daily standup (10-15 minutes) and Weekly standup (30-45 minutes)

• Looking back and learning from yesterday / last week

• Be prepared for today / next week

• Everyone aware of adjustments and / or improvement actions

• Identify bottlenecks and improvements

• Celebrate successes

Tips

• Everyone prepares meeting / fills in board

• Start and stop on time

• Determine team goals and reflect this in the KPI’s

• Agreements about the chairman

• Stand during the meeting
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Goals and tips



Perfection ►Improvement Board

• Discussing improvement ideas is the time to change the work

• Improvement points are tracked on an improvement board

• Always first clearly describe the problem…

• Look at root causes
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Improvement ideas and the Improvement Board



Perfection ► 5S
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Perfection ► 5S
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Separating (Seiri) & Set in order (Seiso)



Perfection ► 5S
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Cleaning (Seiton) & Standardizing (Seiketsu)



Perfection ► 5S
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Sustain (Shitsuke)



Perfection ► 5S

• 5S is a very visible form of an improvement process

• People on the workfloor are involved in 5S from start to finish and 'in the lead' in terms of content

• Increases visibility of workfloor processes, mistakes are quickly noticed

• Is a continuous source for improvement actions

• 5S is the foundation for KAIZEN

Pitfall

• Performing 5S seems easy. Standardize and Sustain require discipline and continuous attention from management and 

workfloor

• Make it a habit: standard part of the work to be working on 5S (e.g. end of the day / end of week)
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An accessible way to start continuous improvement



Perfection ► Kaikaku Kaizen

• Sometimes quick, drastic change is necessary: Kaikaku Kaizen!

• Project of 4 - 8 weeks

• Focus group (projectteam) fully available

• From problem to implement the solutions

• Problem is urgent

• Scope is clear

• Solution is often yet unknown

• Many similarities with DMAIC:
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Solve an urgent problem in a short time

Define problem and goal

Measure facts

Analyze factsGenerate improvements

Implement improvements

Check & embedding



Perfection ► Small Kaizen
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Accessible improvement structure

Deviation

E.g. service level, percentage of 
failure, customer satisfaction, lead 
time

Root causes

• …
• …
• …

Possible solutions

• …
• …
• …

Actions

• …
• …
• …

• Involve 3 to 5 employees 
with a clear view of the 
problem

• Duration: 30 to 45 minutes

• Easy way to involve people 
in 'continuous improvement'Ask questions (5x why)

State a measurable 
deviation

Brainstorm to avoid 
problem

Put actions on daily 
standup board

Improvement?
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Exam

• The exam consists of 30 multiple choice questions

• You have 40 minutes (once the time expires, unanswered questions will be counted as 'wrong')

• You passed having answered at least 70% of the questions correctly (so at least 21 correct answers)

• It is an 'open book' exam: you can use the training material and your notes

• The result is directly available : Click on the gray triangle (     ) to see your scoring percentage

• REQUEST: If you finish early, please leave the room quietly

• TIP: Park questions that are not easy to answer or need a lot of time for > save them for last

• Good luck!
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Lean Green Belt
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Change management ► Change is difficult

• That is what we do

• I do not have time

• Has no priority

• Doesn't work

• We already tried this 

• I can not do it

• Is that necessary

• I do not believe it

• Prove it
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Creating support is important

E = Q x A
E = Effect (of a decision / improvement)
Q = Quality (of a decision / improvement)
A = Acceptance (of a decision / improvement)



Change management ► 20% - 70% - 10%
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What to focus on?

I will do whatever 
it takes

Go on, show us 
what you can do

Why should I do 
something. Things 
are fine the way 

they are
Look at that 

fool! Hilarious

I will do 
whatever it 

takes to 
undermine



Change management ► Kotter's 8 steps
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Different phases of change in an organization

1. Creating a sense of urgency

2. Forming a guiding coalition

3. Developing vision and strategy

Creating a climate for success

4. Communicating the vision

5. Empower people for action

6. Achieve short term results

Involve entire organization and 
start-up change

7. Consolidate profits and continue for more profit

8. Sustain and create a culture of continuous improvement
Implement and secure



Change Management ► Influence Model

Role model

'I see managers and other colleagues behaving in the desired way'

Understanding & Belief

'I know what is being asked of me, I agree, and it is good'

Developing talent and skills

'I have the skills and knowledge to behave in the desired way'

Confirm with formal mechanisms 

'The structures, processes, systems support the change in the desired behavior'
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Four crucial factors to influence attitude and behavior



Change management ► Communication with stakeholders

Examples of means of communication:

• 1-on-1 meetings

• CEO speech for staff

• Discussion groups or workshops

• Memos and other letters

• Email

• Posters and notice boards

• Feedback forms and suggestion box

• Videos

• Audio & video conferencing
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Different forms and phases of communication: no ‘one-size-fits-all'

change

denial

anger

haggle

depression

talk about it

acceptance

inspiration

creativity

actions

successes

satisfaction

The change curve (Kübler -Ross)



Change Management ► Resistance Strategy Model Ezerman
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7 strategies to reduce resistance to change

Level of 
resistance

Time

Facilitate

Dodge   Inform   Support   Negotiate   Convince   Enforce



Change management ► Pyramid of Lencioni
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Result-oriented approach with focus on people

Results

Responsibility

Involvement

Conflicts

Trust

Focus on shared results

Make and hold each other 
accountable

Commit to shared goals 
and agreements 

Cultivate the ability to 
have constructive conflicts

Address vulnerabilities 
and work on trust



Change Management ► Feedback
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Do you and your colleagues often give each other feedback?

Fear cultureAvoidance culture

Performance cultureCare culture

Compliments

Constructive
feedback

Few

A lot

Few A lot



Change Management ► Tuckman's Team Development Model
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Teams go through different phases

Phase 1: Forming

• Enthusiasm

• Wait and see attitude

Phase 2 : Storming
• Everyone prepares their own agenda

• Tensions between project team members

Phase 3: Norming
• Acceptance by other team members

• Critical but constructive contribution grows

Phase 4: Performing

• Mutual support and complementing each 

other's weaknesses

• Satisfaction with team progress

Te
am

 p
er

fo
rm

an
ce

Time

Forming

Storming

Norming

Performing
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Wrap up of the training

Evaluation

Would you like to share your tips & tops (anonymously) with us?

www.bureautromp.nl/review

What about your next step?

• What are you going to do next?

• Theory and practice?
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How did you experience the training & what will be your next step?

http://www.bureautromp.nl/review

