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PREFACE

Manufacturing in the twenty-first century is undergoing a transformational shift
driven by global competition, accelerated innovation, evolving customer
expectations, and the pursuit of operational excellence. Organizations today are
not merely expected to produce goods—they are expected to do so faster, more
efficiently, at lower cost, and with uncompromising quality. In such a dynamic
and demanding environment, methodologies such as Lean Manufacturing and
Six Sigma have emerged as essential frameworks that empower industries to
eliminate waste, minimize variation, optimize processes, and build a culture of
continuous improvement. This book, Lean Manufacturing and Six Sigma, has
been thoughtfully crafted to provide a comprehensive understanding of these
methodologies and their practical integration for achieving sustainable

organizational excellence.

Lean Manufacturing focuses on waste elimination, process flow, and value
creation for the customer, while Six Sigma aims to reduce defects and improve
performance through data-driven problem solving. Together, they form a
powerful synergy: Lean Six Sigma (LSS)—a proven approach for improving
efficiency, reducing variation, and enhancing customer satisfaction. With its
structured methodology, strategic application, and measurable outcomes, Lean
Six Sigma has become a key capability across industries including
manufacturing, healthcare, supply chain, aerospace, retail, and service sectors.
This book is designed to bridge the theoretical foundations with real-world
applications, providing learners, practitioners, and trainers with relevant

strategies, tools, and knowledge.

Vi



Structured into five well-defined chapters, the book follows a progressive

learning model.

The first chapter, “Introduction to Lean & Six Sigma,” establishes a strong
foundation by describing the origins, philosophy, principles, and comparative
benefits of Lean and Six Sigma. It highlights how these methodologies evolved

over time and why they remain vital in today’s competitive industrial landscape.

The second chapter, “Integration of Lean & Six Sigma,” explores how these
two methodologies complement each other and how organizations can harness
their synergy for superior results. The chapter examines frameworks, integration
models, and strategic considerations necessary for transitioning from separate

Lean or Six Sigma initiatives to a unified LSS approach.

The third chapter, “Project Selection & Team Building,” focuses on the key
enablers of successful Lean Six Sigma execution—choosing the right projects
and building capable teams. This chapter presents criteria for identifying
improvement opportunities, stakeholder engagement, team roles such as Green
Belts, Black Belts, and Champions, and the importance of organizational

alignment and culture.

The fourth chapter, “The DMAIC Process and Tools,” provides a detailed
walkthrough of the core structure used in Lean Six Sigma: Define, Measure,
Analyze, Improve, and Control. Each phase is supported with essential tools,
methodologies, and real-world applications to enable learners to confidently

apply problem-solving and process-improvement techniques.

The final chapter, “Institutionalizing and Design for Lean Six Sigma,” shifts
focus from execution to long-term sustainability. It discusses how organizations
can embed Lean Six Sigma into their culture, expand capability through training
and leadership commitment, and adopt Design for Six Sigma (DFSS) for

building quality and efficiency into new products and processes from the start.

This book aims to serve as a valuable resource for undergraduate and

vii



postgraduate students, faculty members, industry practitioners, quality
professionals, and leaders committed to improving organizational performance.
Whether one is new to Lean Six Sigma or actively engaged in improvement
initiatives, the contents of this book offer practical insights and structured

knowledge that support learning, application, and mastery.

We hope that this work inspires learners and professionals to embrace
continuous improvement as a mindset rather than a task—transforming
processes, teams, and organizations for better performance today and innovation

tomorrow..
Sincerely,

Dr. T. Vinod Kumar
Manideep Roy Avula
Dr. Sathish Rengarajan
Dr. K. R. Senthil Kumar
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UNIT 1
INTRODUCTION TO
LEAN & SIX SIGMA

1.1 Introduction to Lean

The manufacturing industry consists of multiple moving parts — both literally
and figuratively. But with so many variable factors that go into the production
process, it can be hard to optimize your systems and workflows to ‘trim the
fat” and eliminate waste.

This is where lean manufacturing comes in. This systematic approach
creates a customer-focused production line that streamlines your processes so
that you benefit from more productivity, continuous improvement, and less
waste. In turn, this also means fewer costs.

Lean manufacturing is a management philosophy that focuses on
maximizing efficiency in the production process while minimizing waste. The
concept of lean manufacturing originates from the Toyota Production System
(TPS), which aimed to create more value for customers while using fewer
resources. Essentially, the fundamental goal is to boost your
profitability and productivity. This is done through streamlining your
operations and reducing inefficiencies.

The primary focus of lean manufacturing includes:

Optimizing workflows: This involves streamlining your tasks to minimize
delays and potential redundancies.

Improving quality: You’ll need to implement quality control measures to
reduce the risk of defects and improve product reliability.

Boosting productivity: Boosting productivity requires you to identify and

remove any activities that don’t add value to your manufacturing processes.
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This can help to maximize your output and utilize your resources more
efficiently.

At the heart of lean manufacturing are two core ideas:

1. Continuous improvement

This idea emphasizes improving products, services, or production processes
within  your manufacturing system. So, when you implement lean
manufacturing, you will need to adopt a mindset of regular evaluation and
adjustment or refinement. Additionally, you’ll need to encourage all your
employees to contribute towards ideas for improvement.

When you use this approach, you ensure that your business can adapt to
changes in customer demand and shifts within the market. Continuous
improvement fosters a culture not only of innovation but also of
responsiveness to these changes.

2. Elimination of non-value-adding activities

Lean manufacturing aims to help you identify and remove any activities that
don’t directly contribute to your business’s value (as it is perceived by your
customers). Ultimately, the key to this idea is reducing waste.

By focusing on value-adding processes, you can streamline your operations,
reduce costs, and deliver higher-quality products. But part of this process is
critically assessing every step in your production line to determine its
necessity and efficiency. As a result, you can eliminate waste in various forms,

such as excess inventory, defects, and waiting times.

1.1.1 Principles of Lean
The lean manufacturing process relies on five main principles to work
effectively. These include value, the value stream, continuous flow, a pull
system, and Kaizen.

To fully understand how these principles of lean manufacturing work
together and what they mean as part of the ‘bigger picture’, it’s critical to

understand what each of them entails.


https://www.highgear.com/manufacturing/

Lean Principles
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Figure 1.1
1. Identify value
Value is defined by your customer. But what is value when it comes to lean
manufacturing?

It refers to the features and benefits that meet customer needs and are worth
the price they’re willing to pay. This means that it’s essential to understand
what your customers value in your products or services.

To fully understand this, you need to engage with your customers to gather
feedback and insights. That way, you can ensure that the products you develop
are aligned with their requirements and expectations.

2. Map the value stream

The second key principle is mapping the value stream. The value stream
consists of all the actions (both value-adding and non-value-adding) that are
involved in producing a product from start to finish.

By mapping out the entire process, your organization can visualize each step
involved in production. They can also identify waste and understand how
value flows to the customer, pinpointing areas for improvement and can

streamline your processes.



3. Create flow
Flow refers to the smooth, uninterrupted movements of products as they go
through the production process. With lean manufacturing, the objective is to
remove any obstacles that disrupt this flow of materials or information.
Part of creating flow includes:

e Rearranging equipment

e Optimizing workstations and workflows

e Making sure that all the steps in the production process are connected
Together, this allows for a quicker transition between tasks and a smoother
production flow.
4. Establish a pull system
Rather than relying on forecasts and producing products in advance (a push
system), a pull system only produces items if and when they’re needed, based
on customer demand.

When you implement a pull system, you can minimize the risk of
overproduction and excess inventory. This, of course, is essential in
eliminating waste. Techniques like Just-In-Time (JIT) production or kanban
are ideal for creating this demand-driven approach. They also ensure that your
products are only made when your customers require them.

5. Kaizen

Continuous improvement, also known as Kaizen, places emphasis on the need
for ongoing and incremental improvements in every area of your organization.
When you use this method, you’ll need to encourage everyone in your
business to identify problems, come up with solutions to these problems, and
suggest improvements in their areas of expertise.

When these improvements are implemented, they will need to be monitored
and their impact measured. That way, you can determine whether the changes
were successful. If they aren’t as successful as you forecast them to be, then

you can adjust them as necessary.



1.2 Top seven wastes, Need for Lean Management

Overproduction

Overproduction is the most obvious form of manufacturing waste. Not only
does it lead to depleted raw materials, but also to wasted storage and excess
capital tied up in unused products.

If you consistently overproduce, you may be forced to dispose of your
product which can have a serious environmental impact. The process of
disposal also creates wasted human effort and can pose the risk of exposing
your workers to harmful waste materials.

The aim is to only produce what is required by the customer. Lean
production relies on the ‘just-in-time” principle, meaning your product should
be created at the time it is needed, and not before.

Inventory

This is the waste that is associated with unprocessed inventory. This includes
the waste capital tied up in excess stock, wasted transport used moving the
inventory, the light, and heating used to store the capacity and the containers
used to store the excess product. Excess inventory can also hide other forms of
inefficiencies that are produced by your current workflows.

Defects

Defects refer to a product not meeting the specifications expected by the
customer. Defects lead to a huge waste of time, starting in the form of
paperwork. The product then needs to be disposed of and reproduced, which
also costs time and money.

Defects also lead to lost customers and reputation. It is, therefore, an
exponentially costly form of waste.

Motion

Motion wastage is any movement made that could have been used for another
purpose. This results in a form of wastage as it is unnecessary energy and
time. Wasted motion can be anything from a factory worker bending over to

pick something up, to an unnecessary trip made by a machine.


https://www.ptc.com/en/blogs/iiot/manufacturing-sustainability-drives-growth
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Over-processing
Lean manufacturing relies on products delivering value to the customer, but
not over-engineering any product. Any work that doesn’t need to be done,
shouldn’t be done. Over-processing is essentially delivering more value than is
needed by the customer.
Waiting
This is any form of waiting that must be done by either staff or machinery to
complete a task. This will frequently happen when one process along the
production line takes longer than it needs to, resulting in wasted worker time.
Employees can be paid when not being productive, and materials can be spoilt
when waiting for production.
Transportation
Transportation is the process of moving something from one place to another.
Transportation itself does not add any value to the customer, so it should be
minimized as much possible. This can be done by making plants closer
together and minimizing the cost of transportation.
Additional forms of waste
Waste can also come in the form of wasted talent and resources. By not
harnessing the real power of your workforce, you are missing out on crucial
opportunities to optimize your manufacturing plant. Not utilizing your
resources efficiently, like your electricity, gas, and water can result in
unnecessary expenditures and can have a poor impact on the environment.
Digital Manufacturing and Inefficiency
The best way to maximize efficiency and eliminate waste is to understand the
functioning of your plant. You should focus on efficiency and not waste. By
maximizing your efficiency, you will see waste dissolve from your
manufacturing line.

Digital manufacturing can give you access to data that you would have never
had before. Connected sensors can feedback production and performance data

in real-time, helping you to understand where inefficiency is coming from.
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By utilizing the power of information, you can eliminate inefficient
procedures faster, giving your manufacturing plant a competitive edge in the

evolving manufacturing world.

1.3 The philosophy of lean management

The philosophy of lean management is a system for maximizing customer
value by systematically eliminating waste from processes. It originated from
the Toyota Production System (TPS) and is built on principles of continuous
improvement, respect for people, and creating flow. A core tenet is that
employees are empowered to identify problems and suggest improvements,
fostering a culture of teamwork and learning.

Core principles

Eliminate waste: Identify and remove all non-value-adding activities, such as
overproduction, excess inventory, waiting, unnecessary transportation, defects,
and underutilization of talent.

Create value: Focus on activities that the customer is willing to pay for.
Continuous improvement (Kaizen): Foster a culture where everyone is
involved in constantly seeking ways to improve processes, efficiency, and
quality.

Empower employees: Shift from a traditional top-down management style to
one where front-line staff are empowered to make decisions and solve
problems, as they are closest to the work.

Flow: Strive for a smooth, uninterrupted flow of work, often by breaking
down large tasks into smaller, manageable steps.

Key practices

Just-In-Time (JIT):

The just-in-time (JIT) inventory system times the arrival of materials so
companies only receive what they need exactly when production calls for it,

helping them reduce waste and lower holding costs. This method hinges on

11


https://kaizen.com/insights/definition-advantages-lean-management/
https://www.google.com/search?q=Just-In-Time+%28JIT%29&sca_esv=72036be1bbdfeeb3&rlz=1C1CHNY_enIN1030IN1030&ei=bqIpacnSOuOPnesP9c3OmQ4&ved=2ahUKEwi6k9S1-ZSRAxXSXWwGHYCaE70QgK4QegQIBhAB&uact=5&oq=The+philosophy+of+lean+management&gs_lp=Egxnd3Mtd2l6LXNlcnAiIVRoZSBwaGlsb3NvcGh5IG9mIGxlYW4gbWFuYWdlbWVudDIXEAAYgAQYkQIYtAIY5wYYigUY6gLYAQEyFxAAGIAEGJECGLQCGOcGGIoFGOoC2AEBMhcQABiABBiRAhi0AhjnBhiKBRjqAtgBATIXEAAYgAQYkQIYtAIY5wYYigUY6gLYAQEyFxAAGIAEGJECGLQCGOcGGIoFGOoC2AEBMhcQABiABBiRAhi0AhjnBhiKBRjqAtgBATIQEAAYAxi0AhjqAhiPAdgBATIQEAAYAxi0AhjqAhiPAdgBATIQEAAYAxi0AhjqAhiPAdgBATIQEAAYAxi0AhjqAhiPAdgBAUj8D1AAWPEIcAF4AZABAJgBAKABAKoBALgBA8gBAPgBAfgBApgCAaACDKgCCpgDDPEFGv_DIikNxW26BgQIARgHkgcBMaAHALIHALgHAMIHAzMtMcgHCg&sclient=gws-wiz-serp&mstk=AUtExfCNqxMK_HPmk2dq9WzzUxVB8ZBCzpZGsyRNOWL2Qj3b4jVrdS3ElQCiA0eK9DdVm2X-C10BA-6NdHiCg6mRjdHw21f1zfBGwVBlebQDMVB_ejbLZewpklhZlCHE9PScgS3RLO2pXOT-udpPxJJfbz0ZIAVeUOQF2e7OksFBZ3GaHvuqwGDhQUhyTDP4SpvHC4Rn&csui=3

accurate demand forecasting, seamless supplier coordination, and reliable
production scheduling.

The just-in-time (JIT) inventory system minimizes inventory and increases
efficiency. JIT production systems cut inventory costs because manufacturers
receive materials and parts as needed for production and do not have to pay
storage costs. Manufacturers are also not left with unwanted inventory if an
order is canceled or not fulfilled.

One example of a JIT inventory system is a car manufacturer that operates
with low inventory levels but heavily relies on its supply chain to deliver the
parts it requires to build cars on an as-needed basis. Consequently, the
manufacturer orders the parts required to assemble the vehicles only after an
order is received.

Advantages and Disadvantages of JIT

JIT inventory systems have several advantages over traditional models.
Production runs are short, which means that manufacturers can quickly move
from one product to another. Also, this method reduces costs by minimizing
warehouse needs. Companies also spend less money on raw materials because
they buy just enough resources to make the ordered products and no more.

The disadvantages of JIT inventory systems involve potential disruptions in
the supply chain. If a raw-materials supplier has a breakdown and cannot
deliver the goods promptly, this could conceivably stall the entire production
line. A sudden unexpected order for goods may delay the delivery of finished
products to end clients.

Example of JIT

Famous for its JIT inventory system, Toyota Motor Corporation orders parts
only when it receives new car orders. Although the company installed this
method in the 1970s, it took 20 years to perfect it.4

Toyota's JIT inventory system nearly caused the company to come to a halt
in February 1997, after a fire at Japanese-owned automotive parts supplier

Aisin decimated its capacity to produce P-valves for Toyota's vehicles.
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Because Aisin is the sole supplier of this part, its weeks-long shutdown caused
Toyota to halt production for several days.5 This caused a ripple effect, where
other Toyota parts suppliers likewise had to temporarily shut down because
the automaker had no need for their parts during that time period.
Consequently, this fire cost Toyota 160 billion yen in revenue.
Standardized work:
In Lean Manufacturing, standardized work is a means of establishing precise
procedures to make products in the safest, easiest, and most effective way
based on current technologies. Standardized work is one of the principles
of Lean Manufacturing. It requires three elements:
Takt time: Rate at which parts or products must be produced in order to meet
customer demand.
Work Sequence: The steps operators need to perform within Takt time, in the
order in which they must be completed.
Standard inventory (or in-process stock): Minimum quantity of parts and
raw materials needed to run operations.
Benefits of standardized work
1. Reduces variability
By standardizing the most efficient way to perform processes, standardized
work reduces variations in the output. Work becomes predictable: quality,
costs, required inventory, and delivery times can be anticipated.
2. Helps your people
Shop floor operators are sometimes under the impression that their highly
variable work cannot be standardized, or that implementing standards will
make their work boring. Quite the opposite: enforcing standardized work
increases efficiency, thus making more time for creative work.

Standardized work also helps operators structure their work. It removes

pressure on operators by reducing the stress of performing tasks improperly.
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Finally, standardized work makes training much easier, since it documents the
correct way to perform all processes. It ensures that new employees are given
all the information needed to perform equally to other operators.

4. Improves continuous improvement

Kaizen, another Lean principle, is the concept of continuous improvement.
Standardized work provides a basis for Kaizen. Indeed, it is only possible to
evaluate improvements objectively when existing procedures are standardized
and documented. As standards improve, the new standard for Kaizen becomes
the basis for further improvements: improving standardized work is a never-
ending process.

When operators perform tasks differently, it becomes more difficult to notice
the 8 wastes of Lean Manufacturing in operations. In other words, it is easier
to find opportunities for improvements when processes are consistent.

6 steps to apply for standardized work

1. Collect data on your current operations

The first step is to establish your work sequence and Takt time. Through IoT
connected tools and cloud computing, modern manufacturers can collect data
and measure Takt time automatically. Metrics such as cycle time and step time
per operator are recorded consistently. Manufacturers gain real-time visibility
into their operations, meaning they know exactly how tasks are currently
executed.

2. Notice variations and issues

Often there are several ways to perform a task, but only one of these ways uses
resources—materials, machines, and operators—in the most efficient way
possible.

Look at the data you have collected, and notice variations. Are there workers
that perform the same tasks, but the output varies greatly? Are some operators
taking longer than Takt time? Could some tasks be combined? Where are

safety or quality issues occurring?
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3. Find the most efficient way to run your operations

This is where you want to use Lean tools to optimize your work sequence and
procedures. For example, you could use value stream mapping to identify non-
value adding steps or poka-yoke to mistake-proof your processes. Your goal is
to find methods that are practical, useful to everyone, and free of difficulty.

4. Document everything

There are many ways you can go about doing this. One of the simplest ways is
in digital work instructions. Digital work instructions can be created with
a manufacturing app. Media-rich and interactive, they guide operators through
processes step by step.

Digital work instructions ensure that operators follow each and every step
properly, according to the current best practice outlined by your standardized
work. More importantly, digital work instructions can be modified in just a
few clicks. Therefore, as your standardized work evolves, you can easily keep
it documented and up-to-date.

5. Adapt your training programs

It is important that employees understand the new standard procedures and
adhere to them. This might require re-training current workers. Furthermore,
you want to make sure that your new operator training programs are based on
your standardized work.

Similar to digital work instructions, digital training modules can be built in
manufacturing apps and modified easily. Through videos, images, and other
multimedia resources, new employees can self-guide their way through your
most recent standardized procedures.

6. Continuously improve the standard

A common mistake is to think that after establishing standardized work, you
are done. Instead, you should constantly strive to further improve the standard.
Once standardized work is implemented, it becomes a lot easier to identify
abnormalities and issues. Perform root-cause analysis for every problem that

occurs, and create a new standard that solves the problem.
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Standardized work is never perfect or final. It represents a current best practice
that should be challenged on a daily basis with Kaizen.

Visual management:

Visual management in lean management uses visual aids like charts, boards,
and color-coding to make information and processes clear, -easily
understandable, and actionable at a glance. Its goal is to improve
communication, promote transparency, and enable faster decision-making,
which helps identify problems, streamline workflows, and drive continuous
improvement. Examples include Kanban boards to track workflow and floor
markings to guide processes.

Key principles

Visibility: Information, from performance metrics to safety procedures, is
displayed in an obvious and accessible way.

Standardization: Consistent colors, symbols, and formats are used so that
everyone interprets visual cues in the same way.

Clarity and Simplicity: Complex data is simplified into easy-to-understand
visual formats like charts, graphs, and boards.

Proactive Problem Solving: Visual cues help teams quickly spot deviations
from the standard and take immediate corrective action.

Engagement and Ownership: Visual tools empower employees by making the
workplace's status visible and understandable to everyone, encouraging a
shared sense of responsibility.

Common tools and examples

Kanban boards: Visual systems for managing workflow, where tasks move
through columns representing different stages of a process.

Andon systems: Visual signals, often lights, that indicate the status of a
machine or production line and can be used to call for assistance.

Status boards: Boards that display real-time information on production

progress, targets, and performance.
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Floor markings: Lines and signs on the floor to designate walkways, work
areas, and storage locations, improving safety and organization.

Color-coding: Using colors for different inventory types, tools, or areas to
quickly convey information about their status or purpose.

Labels and signs: Posting rules, procedures, and labels to clearly identify parts,
equipment, and their proper use.

Cross-functional teams:

Cross-functional teams in lean management are groups of employees from
different departments that work together to solve problems and achieve shared
goals, fostering collaboration, innovation, and faster project completion. They
are central to lean principles because they break down silos, improve
communication, and empower teams with the diverse skills needed to identify
and eliminate waste throughout a process.

Key characteristics and benefits

Diverse expertise: Teams include members from various functional areas like
marketing, development, and support, bringing different perspectives to a
common goal.

Improved collaboration and communication: They break down traditional
departmental silos, leading to better communication and a more cohesive team
dynamic.

Increased efficiency: By having all necessary skills in one group, the team can
move faster, make decisions, and adapt more quickly to changes.

Innovation: The variety of skills and perspectives can lead to more creative
problem-solving and innovative solutions.

Waste reduction: A key goal of lean is to eliminate waste, and cross-functional
teams are well-positioned to see and address inefficiencies across the entire
value stream, not just within one department.

How they are used in practice

Product development: A team might include members from engineering,

marketing, and customer service to develop a new product from start to finish.
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Project management: Teams can be formed for specific projects, with
members from different areas of the organization collaborating to ensure all
aspects are covered and hand-offs are smooth.

Agile environments: In frameworks like Agile, a cross-functional team is the
standard, where individuals with different skills (e.g., development, testing)
work together on a single, dedicated team to deliver value incrementally.
Potential challenges

Building structure: Teams need clear structure, processes, and communication
channels to be effective.

Leadership: Leading a group with diverse skill sets and potential conflicts can
be challenging and requires strong communication skills.

Resource allocation: Team members may have competing demands from their

original functional departments, requiring careful coordination.

1.4 Creating a Lean Enterprise

Creating a lean enterprise involves a fundamental shift in philosophy, focusing
on maximizing customer value while continuously identifying and eliminating
waste across all business processes. This approach, originally pioneered by
Toyota, requires a holistic, organization-wide commitment and a specific set
of principles and practices.

Core Principles of a Lean Enterprise

The implementation of a lean enterprise is guided by five key principles:
Define Value: Understand precisely what the customer wants from a specific
product or service, including price, quality, and delivery expectations. Any
activity not contributing to this customer-defined value is considered waste.
Map the Value Stream: Identify all steps involved in the product or service
lifecycle, from raw materials to final delivery. This visual mapping process
helps highlight non-value-added activities and bottlenecks that can be targeted

for elimination or reduction.
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Create Flow: Ensure that the value-creating steps run smoothly without
interruptions, delays, or bottlenecks. This often involves breaking down
departmental silos and creating cross-functional teams to improve workflow
and dramatically reduce lead times.

Establish Pull: Only produce products or provide services when there is an
actual customer demand or order, rather than relying on forecasts. This "just-
in-time™ (JIT) approach minimizes excess inventory and storage costs.

Pursue Perfection: Foster a culture of continuous improvement (Kaizen)
throughout the organization. Every employee should be engaged in identifying
and eliminating inefficiencies, viewing problems as opportunities for learning
and innovation.

Steps for Creating a Lean Enterprise

Building a lean enterprise is a transformation that requires deliberate action
and leadership buy-in. The following steps provide a blueprint for
implementation:

Secure Unwavering Leadership Commitment: The transformation must be
led from the top, with leaders modeling desired behaviors and visibly
supporting the initiative.

Communicate the ""Why"": Clearly explain the purpose of the lean journey to
all employees, framing it as a growth strategy focused on customer value, not
just cost-cutting or layoffs.

Form a Cross-Functional Team: Assemble a dedicated guiding team with
members from different departments and levels to champion the effort, break
down silos, and address resistance.

Train and Empower Employees: Provide comprehensive training on lean
principles and problem-solving tools (e.g., Value Stream Mapping, 5 Whys)
and empower frontline workers to identify and resolve issues in their own

work areas.
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Start with Pilot Projects: Instead of a company-wide "big bang" rollout,
begin with one or two critical value streams to demonstrate success, build
momentum, and refine the approach.

Standardize Success and Scale: Document new best practices from pilot
projects as standard operating procedures and scale successful changes across
the organization.

Monitor Performance Metrics: Establish and track Key Performance
Indicators (KPIs) related to process, people, and financial outcomes to
measure progress and identify areas for further improvement.

Key Cultural Elements

A successful lean enterprise requires a supporting culture built on:

Respect for People: Valuing employees' insights and potential, providing
them with autonomy, training, and a safe environment to challenge the status
quo.

A Questioning Culture: Encouraging employees at all levels to ask "why"
multiple times to get to the root cause of problems, rather than blaming
individuals.

Transparency: Using visual management systems (e.g., visual boards) to
make performance data and problems visible to everyone, fostering shared

responsibility and quick action.

1.5 The Lean Metric

A "lean metric" is a data point used to measure the efficiency and quality of a
process, often to identify and reduce waste. Common examples include cycle
time, lead time, first pass yield, and work in progress. These metrics are used
in Lean methodologies to help teams track progress, make data-driven

decisions, and continuously improve performance.
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Common lean metrics

1. Cycle Time:

Cycle time depicts the time taken from starting an assignment until ends,
including any lingering times, holding times, or postponements. It totals the
time expected to change crude resources or contributions into completed
yields or administrations. Cycle time involves all strides, exercises, and tasks

included in the creation procedure.

Cycle Time
Order is taken
for Order is
production complete
| | | ]
| | | | >
Order Order is
received form delivered
customer
Lead Time
Figure 1.2

Importance of Cycle Time

Measuring and optimizing cycle times is crucial for several reasons:
Productivity and Efficiency

A shorter cycle time indicates a more efficient and productive process. By
reducing it, businesses can increase their output and throughput without
necessarily increasing resources or capacity.

Cost Reduction

Longer cycle times often translate to higher costs, as they involve more labor,
overhead, and inventory carrying costs. Minimizing it can help businesses

reduce their operational costs and improve profitability.
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Customer Satisfaction

In many industries, shorter cycle times lead to faster delivery times, which can
improve customer satisfaction and competitiveness. Customers generally
prefer products or services that can be delivered quickly without
compromising quality.

Process Improvement

Analyzing it can reveal bottlenecks, inefficiencies, and areas for improvement
within a process. Six Sigma certification involves training to systematically
identify inefficiencies by leveraging data-driven methodologies to streamline
operations and reduce cycle times.

Cycle Time vs. Lead Time

It’s important to distinguish cycle time from lead time, as these two terms are
often confused. Lead time is the total time it takes from the initiation of a
process or order until its completion, including any waiting or queue time.

In other words, lead time encompasses it but also includes additional time for
activities such as order processing, material procurement, and transportation.
By understanding the difference between the both, businesses can identify
opportunities to reduce both metrics and improve their overall operational
performance.

Calculating Cycle Time

Accurately calculating cycle time is crucial for understanding and optimizing
your manufacturing or operational processes. The formula is relatively
straightforward:

Cycle Time = Operating Time / Number of Units Produced
Operating time refers to the total time the process was running to produce the
units, including any minor stops or delays. This does not include significant
downtime events like shift changes, maintenance, etc.

For example, if a machine ran for 7 hours and produced 350 units in that time,
the cycle time would be:

Cycle Time = 7 hours x 60 minutes/hour = 420 minutes
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420 minutes / 350 units = 1.2 minutes per unit
Calculating cycle times for each step of a multi-step process is important, as
bottlenecks can occur at any point. The overall cycle time will be determined
by the slowest operation.

For processes with significant variations, using an average calculation may
not provide an accurate picture. In this case, tracking cycle times for each unit
and analyzing the distribution can reveal more insights.

Some advanced calculation methods account for factors like:

e Non-Value Added Time (inspections, material handling, etc.)

e Simultaneous Cycle Times (for parallel operations)

e Shared Resources Between Products
Cycle time calculation (the formula) becomes more complex for re-entrant
processes where units revisit the same operation multiple times. However, the
core principle of operating time divided by throughput still applies.
Analyzing and Optimizing Cycle Time
Regularly analyzing this data is crucial for identifying bottlenecks and
opportunities for improvement. There are several key metrics and methods
used:
Cycle Time Analysis
Calculate it for each process step and the total. Look for steps with excessive
cycle times that may constrain the entire process flow. Techniques like value
stream mapping can provide more detailed insights.
Cycle Time Variation
Track how much cycle times vary from cycle to cycle and the distribution.
Excessive variation often indicates inconsistent methods, material issues,
equipment problems, etc. Reducing variation can optimize it.
Takt Time Comparison
Takt time is the maximum cycle time allowed to meet customer demand.
Compare it to the takt time — if the cycle time exceeds the takt time, you

cannot keep up with demand. This signals the need to reduce cycle times.
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Benchmarking

Compare your cycle times to similar processes internally or industry
benchmarks for the same products/processes. Large gaps indicate room for
optimization. Once problem areas are identified through analysis, there are
many potential improvement techniques:

Mistake-Proofing: Implement poka-yoke methods to prevent defects and
errors that require rework and increase cycle times.

Workspace Organization: Organize tools, materials, and the workspace (5S)
for more efficient movements and material handling to reduce it.

Process Streamlining: Eliminate unnecessary steps, transportation, and
waiting through techniques like continuous flow, cellular manufacturing, etc.
Automation: Automated equipment, machines, or processes can perform
steps much faster than manual cycles.

Cycle Time Optimization

e Applying lean tools like SMED, cycle time analysis, theory of
constraints, and designed experiments can further optimize it.

e Monitoring cycle times and continuously working to reduce them is
key to improving process velocity and throughput.

e The tight integration between cycle times and overall equipment
effectiveness (OEE) means optimizing cycles directly impacts
manufacturing productivity and profitability.

Cycle Time in Lean Manufacturing
Cycle time is a critical metric in lean manufacturing principles and practices.
In a lean production system, the focus is on maximizing value for the customer
while minimizing waste. It directly impacts manufacturing lead times,
inventory levels, and overall productivity. In lean terms, it refers to the total
time required to complete one cycle of an operation from start to finish.
Organizations often encourage employees to obtain Six Sigma Green Belt
certification to effectively implement these methodologies, ensuring alignment

with lean principles like waste reduction and continuous flow. This includes
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processing time as well as inspection, movement of materials, queuing delays,
etc. Minimizing it allows manufacturers to produce only to customer demand,
reducing excess inventory.

2. Lead Time:

Lead time, a crucial component in manufacturing and supply chain
management, measures the duration from the beginning to the end of a
process. Companies assess lead time during the pre-processing, processing,
and post-processing phases to pinpoint and address inefficiencies. By reducing
lead time, businesses can enhance operations, boost productivity, and increase
both output and revenue. Conversely, extended lead times can disrupt sales
and manufacturing processes, underlining the importance of efficient

management.

Order Date Invoice Date Delivery Date Payment Date

Figure 1.3

Components of Lead Time

1. Preprocessing time: This is also referred to as the planning time, and it
includes the time taken to receive a request for replenishment, understand it
and create a purchase order (when buying an item), or create a job in the case
of a manufacturing firm.

2. Processing time: The processing time is the time taken after receiving a
purchase order to procure or produce the item.

3. Waiting time: The waiting time is the time that’s taken between procuring
necessary items to the time when the production process commences.

4. Storage time: Storage time is the amount of time that items stay in the

warehouse or factory awaiting delivery.
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5. Transportation time: The transportation time is the time that the produced
item takes to move from the warehouse/factory to the customer.

6. Inspection time: The inspection time is the time spent by the customer
checking the product to see if it meets the specifications. It also refers to the
time required to deal with any non-conformity with the order request.

How to Reduce Lead Time

The following are some of the ways that a company can reduce lead time:
Reduce non-value-added activities

The company should perform value stream mapping to identify non-value-
added activities that prolong the lead times. Prepare a list of these activities
and eliminate those that the company can do without, and maintain those that
provide a positive impact on product quality.

Change shipping methods

The company can also organize alternative shipping methods that are quicker
than the current shipping methods or offer more frequent shipments. The
suppliers may prefer shipping methods that are slow but result in more cost
savings, which can affect lead times. Transitioning to a more flexible shipping
method can gradually reduce the lead time, even though it may come at an
additional cost.

Source locally

If the raw materials imported by the company are available locally, the
company can change to the local suppliers, as long as that does not
compromise the quality of products. Buying products locally, as opposed to
sourcing from international suppliers, reduces the lead time because the goods
are transported over shorter distances.

Vertical integration

Vertical integration may involve combining the processes of two suppliers or
the production processes of the company. For example, where a company

manufactures and assembles components in locations that are far apart, it may
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consolidate the two processes internally. This reduces the transportation time

of the components from one location to another.

Automate the process

Sometimes, lead time delays are caused by human errors when the person

responsible for ordering new stock delays contacting suppliers. The company

can use a Vendor-Managed Inventory (VMI) or a Vendor-Owned Inventory

(VOI) system to replenish the stock automatically when it nears completion.

Such a system reduces lead time since the supplier gets a request early enough

before the company experiences a stock out.

Lead Time vs. Cycle Time

Both lead time and cycle time measure the duration it takes from the start of a

process to the end. Cycle time is the time it takes from the start to the end of

an internal process, while lead time is the duration it takes from the start to the

end to fulfill a customer’s request, which may be an inquiry or delivery of a

product.

3. First Pass Yield (FPY):

This important number acts like a lighthouse, guiding the way towards better

quality, higher productivity, and ultimately increased profits down the road.

First Pass Yield (FPY) is a vyardstick for measuring how smoothly a

manufacturing process runs. It tells you what percentage of items sail through

production on the first try without needing fixes or ending up as trash.
Essentially, the FPY shows what portion of “good” products fully meet all

quality standards right away, without wasting time and materials on fixes later

on. While it sounds pretty straightforward, tracking the FPY has huge

importance. The greater the percentage of items that don’t need re-working,

the more streamlined and affordable it is to make everything. Keeping FPY

numbers high is key to an efficient operation.

Importance of First Pass Yield

The importance of First Pass Yield cannot be overstated in today’s highly

competitive manufacturing landscape. By serving as a barometer for process
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health, FPY empowers organizations to identify inefficiencies, pinpoint areas
for improvement, and implement targeted strategies to enhance overall
performance.

A high FPY not only translates to reduced waste and increased resource
utilization but also fosters customer satisfaction by consistently delivering
high-quality products. Besides, a low FPY can be a harbinger of underlying
issues, such as material defects, equipment malfunctions, or process
bottlenecks, all of which can have cascading effects on productivity, costs, and
customer confidence.

Calculating and Monitoring First Pass Yield

Merely understanding the concept of First Pass Yield (FPY) is insufficient;
accurate calculation and meticulous monitoring are paramount to harnessing
its full potential.

The FPY Formula

The FPY formula is a simple yet powerful equation that quantifies the
efficiency of a manufacturing process. It is calculated by dividing the number
of units that meet all quality specifications on the first pass by the total number
of units entering the process. This ratio is typically expressed as a percentage,
providing a clear and concise metric for assessing process performance.

FPY = (Number of good units + Number of acceptable units) / Total units

entering the process x 100%
While the formula itself is straightforward, its application requires a deep
understanding of the manufacturing process, quality standards, and the ability
to distinguish between “good” units, “acceptable” units (those with minor
defects), and outright defective units that require rework or scrapping. To
illustrate, let’s consider a hypothetical scenario where a batch of 1,000 units
enters a production line.

Upon inspection, 950 units meet all quality specifications, 30 units have
minor defects but are still deemed acceptable, and 20 units require rework. In

this case, the FPY would be calculated as follows:
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FPY = (950 + 30) / 1,000 x 100% = 98%
This quantitative metric provides a clear and concise assessment of
the process’s efficiency, enabling data-driven decision-making and targeted
improvement efforts.
Key Metrics Related to First Pass Yield
While FPY is a powerful metric in its own right, it is inextricably linked to
several other key performance indicators that collectively paint a
comprehensive picture of manufacturing excellence. Understanding and
monitoring these related metrics is crucial for gaining a holistic view of
process health and identifying areas for optimization.
Rework rate: This metric quantifies the percentage of units that require rework
or additional processing to meet quality standards. A high rework rate can be
indicative of process inefficiencies, material defects, or equipment
malfunctions, all of which can impact FPY and overall productivity.
Scrap rate: The scrap rate measures the percentage of units that are deemed
unusable and must be discarded due to non-conformities or defects. A high
scrap rate not only represents wasted resources but can also signal underlying
quality issues that need to be addressed to improve FPY.
Cycle time: This metric measures the total time required for a unit to complete
the entire manufacturing process, from raw material input to finished product
output. Optimizing cycle time is crucial for improving productivity and
reducing lead times, both of which can positively impact FPY.
Setup time: The time required to prepare equipment, tooling, and materials for
a production run can significantly impact overall efficiency and FPY. By
minimizing setup time, manufacturers can increase productive uptime and
reduce the potential for defects or non-conformities during changeovers.
4. Work in Progress (WIP):
Work in progress (WIP) is a form of inventory, usually unfinished goods
which still require further work, processing, assembly and or inspection. This

type of inventoryis usually found within steps or sub-processes of a
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production process. Only raw materials which have commenced to move
through their value adding processes can be classified as WIP. Raw materials
which have still not been worked with are still classified as raw materials.
Work in progress is usually the major type of inventory in a one bin or two bin
system.

The presence of unnecessary work in progress can also be an indicator of an
unreliable supply chain, lack of proper production planning, excessive manual
labour required in the production process, production line balancing or supply
chain which are causing unnecessary delays and build-up of work in progress
inventory. This may warrant further analysis. An efficient productive system
should only pull materials through when needed , without the need for much
WIP.

Work in progress is considered a type of waste just like inventory as it ties
up cash for a certain period of time which could be generating higher returns
elsewhere in the organization. In a large manufacturing facility even small
amounts of WIP can add up to a large sums of capital locked up in this type of
inventory.

Work in progress also presents a business risk to the company because WIP
will usually be stored on the factory floor, close to machinery, plant and
equipment and also mobile equipment traffic areas.

Examples and uses of work in progress

Necessary work in progress

A cake shop may bake the bread bases required for different tarts and store
them in the cool room until the cake shop is ready to use them. The tart bread
bases are of better quality when they are made first and allowed to rest as part
of the production process. They can also be used for different tarts so the risk
of them going to waste is minimal.

This can be described as necessary work in progress, because in order to
have better quality tarts the bread bases must be made first and then set to rest

in the cool room. The bread bases may be used in different products thus
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minimizing the risk of inventory loses. Care must still be taken to estimate
accurately the required finished tarts per day in order to optimize inventory
holdings of both tart bases in the cool room and raw materials required to
make them.

Unnecessary work in progress

In a motorbike engine plant the work station which manufactures the
carburetor components feeds parts to the workstation that assembles the
carburetor. At the assembly station the pin on which the butterfly pivots has
been found in some instances to be the wrong dimension and cannot be
assembled in the carburetor, this then stops production and a new pin needs to
be manually installed. For this reason and the delays caused, the carburetor
assembly line is forced to produce and stock more carburetor units than
required to reduce or eliminate delays for the following production processes
and the assembly time of each motorbike unit.

This forces the production plant to carry excess work in progress (carburetor
units) stock to absorb any delays in the assembly of the motorbikes because of
a manufacturing fault and is unnecessary work in progress used to compensate
for other manufacturing issues.

5. Throughput:

Throughput time plays a big role in manufacturing, supply chain, and process
upgrade efforts. It measures the total duration needed to finish one process
from start to end. In other words, it’s the cycle time tracking an item’s journey
through an entire value chain or workflow.

Throughput time includes all periods like queue time, set-up time,
processing time, checks, move time, and any other delays/waits. It starts
clocking when a job hits the production floor and stops when shipping a
completed product to the client or storage. Monitoring throughput time
provides visibility into efficiencies and flags problem areas primed for

improvements.
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It’s a core lean metric supporting continuous upgrades targeting wasted
efforts, optimized flow, and higher productivity. Shrinking times lets
businesses respond faster to demand, lower inventory costs, and maximize
profits.
Calculating Throughput Time
Throughput time, also known as lead time or cycle time, measures the total
time it takes to complete a process from start to finish. Calculating throughput
time accurately is crucial for identifying bottlenecks, optimizing workflow,
and improving overall efficiency.
The basic formula for calculating throughput time is:
Throughput Time = Exit Time — Entry Time
Where:
e Exit Time is the time when the final operation or step in the process is
completed.
e Entry Time is the time when the initial operation or triggering event for
the process occurs.
For example, in a manufacturing setting, the entry time could be when raw
materials are received, and the exit time is when the finished product is
shipped to the customer.

However, this simple calculation may not capture the full complexity of
real-world processes. More comprehensive methods, like value stream
mapping or process mapping, can provide a detailed breakdown of each step’s
cycle time, wait times, and queue times contributing to the overall throughput
time.

Once you have mapped out the entire process flow, you can calculate
throughput time by summing up the cycle times of each process step, plus any
wait times or queue times between steps.

Factors Affecting Throughput Time
Throughput time can be influenced by a variety of factors within a

manufacturing or production process. Understanding these factors is crucial
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for identifying bottlenecks and opportunities for improvement. Some key
factors that can impact throughput time include:

Process Complexity: The more complex a process is, with multiple steps,
handoffs, and dependencies, the longer the throughput time is likely to be.
Simple, streamlined processes tend to have shorter cycle times.

Equipment Reliability: If equipment frequently breaks down or requires
maintenance, it can create delays and increase throughput time. Having
reliable, well-maintained equipment is essential.

Worker Skills: Highly trained and skilled workers can perform tasks more
efficiently, reducing cycle times. A lack of proper training can lead to errors,
rework, and longer throughput times.

Organizations often empower team members to lead improvement projects by
investing in qualifications like a six sigma green belt certification.

Inventory Management: Inadequate inventory levels of raw materials or
components can cause production delays waiting for replenishment. Effective
inventory management helps ensure a smooth flow.

Batch Sizes: Running larger batches generally increases throughput time
compared to smaller batch sizes or single-piece flow. Smaller transfer batches
allow for faster feedback and adjustment.

Changeovers: The time required to change over equipment for different
products or batches directly adds to throughput time. Reducing changeover
times is beneficial.

Material Handling: Excessive material movement, poor layout, and inefficient
handling can increase non-value-added time within the total throughput time.
Quality Issues: Defects, rework, and inspection activities add considerable
time to the throughput cycle that could be avoided through better quality
practices.

Bottlenecks: Any bottleneck operation with insufficient capacity will increase

queuing time and extend the overall throughput time for the entire process.
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6. Takt Time:

Takt Time, a concept central to lean manufacturing, refers to the rate at which
a product needs to be produced to satisfy customer demand. The term “Takt”
is derived from the German word “Taktzeit”, which translates to ‘cycle time*.
The calculation of Takt Time is crucial for businesses looking to optimise their
production processes and eliminate waste.

Takt Time is calculated by dividing the total available production time by
the customer demand. For instance, if a company has a total of 480 minutes
available for production and needs to produce 240 units to meet customer
demand, the Takt Time would be 2 minutes per unit. This calculation enables
businesses to align their production rate with customer demand, thereby

achieving higher efficiency and quality in their operations.

480

@ ~ Available production time per day
Customer demand per day

@
Benefits of Implementing Takt Time in Business Operations
Takt Time is a critical tool to align production with customer demand by
setting a consistent pace for the production process. Calculating Takt Time
establishes a standard that dictates how often a finished product should be
completed to meet customer demand accurately. If a Takt Time of 2 minutes is
established, for example, this means that a completed product should be
coming off the production line every two minutes to meet the customer’s
needs perfectly.

This synchronization not only ensures that the production rate meets demand
but also aids in eliminating waste from overproduction and underutilization of

resources. The balance provided by Takt Time reduces the likelihood of
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stockpiling or shortages, contributing to a more efficient, profitable, and
customer-focused operation.

Challenges in Implementing Takt Time

Setting workstations based on Takt Time establishes a smooth and harmonious
workflow. This is achieved by evenly distributing the workload across various
workstations, each designed to complete a specific task within the determined
Takt Time. Every workstation is aligned to produce at the same rate, ensuring
a continuous production flow with minimal downtime or backlog.

For instance, if the Takt Time is two minutes, each workstation is tailored to
complete its task within this time frame before passing it on to the next station.
This synchronisation results in a production line that is highly coordinated and
efficient, as each product progresses smoothly from one stage to the next
without causing delays or bottlenecks.

Furthermore, by clearly understanding Takt Time, employees can work more
systematically, reducing stress and increasing overall productivity. It also
allows for quicker identification and resolution of any issues that may disrupt
the workflow, thereby ensuring a consistent and high-quality output.

7. Overall Equipment Effectiveness (OEE):

Overall equipment effectiveness (OEE) is a metric used to measure the
effectiveness and performance of manufacturing processes or any individual
piece of equipment. It provides insights into how well equipment is used and
how efficiently it operates in producing goods or delivering services.

The OEE calculation takes into account three key factors:

Availability: The availability score measures the actual production time
compared to the planned production time. It considers factors such as
equipment breakdowns, changeovers and scheduled maintenance.
Performance: The performance score assesses how well the equipment is
performing compared to its maximum potential. It considers factors like

equipment speed, minor stops and idling time.
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Quality: This evaluates the rate of production of “good count” products
without defects or rework. It takes into account factors such as scrap, reject
and rework.
OEE is calculated by multiplying the availability, performance and quality
factors together:
OEE = Availability x Performance x Quality

The result is a percentage value that indicates the overall effectiveness of the
equipment or process. A higher OEE percentage indicates better performance
and effectiveness, while a lower percentage suggests room for improvement.

OEE is commonly used as a performance metric in manufacturing industries
to identify areas for optimization, track improvements over time and
benchmark different equipment or production lines. In an Industry 4.0 context,
technologies like cloud, edge computing, Internet of Things (IoT) devices and
others converge to provide real-time data that can help to gauge and improve
OEE.
Benefits of improving OEE
Improving OEE can bring several significant benefits to organizations in the
manufacturing sector. Here are some key advantages:
Increased productivity: Improving OEE directly correlates to increased
productivity. By reducing downtime, optimizing equipment performance and
minimizing quality issues, organizations can achieve higher production rates
and output without the need for other resources or investments.
Improved efficiency: Enhancing OEE helps in identifying and addressing
inefficiencies in the production process. By optimizing equipment utilization,
reducing idle time and streamlining manufacturing operations organizations
can make better use of their resources, leading to improved overall efficiency.
Cost reduction: Higher OEE often leads to reduced costs, improving the
bottom line. By minimizing equipment downtime, organizations can avoid
costly production delays. Improving quality and reducing defects helps

minimize scrap, rework and material wastage, resulting in cost savings.
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Enhanced quality: OEE improvement initiatives typically focus on reducing
defects, improving process stability and ensuring consistent product quality.
By identifying and addressing quality issues, organizations can deliver
products that meet or exceed customer expectations, leading to increased
customer satisfaction and loyalty.

Better decision-making: Monitoring and analyzing OEE metrics provide
valuable insights into the performance of equipment and the production
process. It enables data-driven decision-making, helping organizations identify
areas for improvement, prioritize investments, allocate resources effectively
and implement targeted process optimizations.

Increased capacity: By optimizing equipment utilization and reducing
bottlenecks, improving OEE can increase the overall capacity of the
production system. This allows organizations to handle higher volumes,
accommodate growing customer demand and potentially expand their business
without significant capital investments.

Equipment reliability and longevity: Improving OEE often involves proactive
maintenance and care for equipment. By implementing preventive
maintenance programs and addressing issues promptly organizations can
improve equipment reliability, extend equipment lifespan and reduce the risk
of unexpected breakdowns.

Challenges for improving OEE

While improving OEE offers numerous benefits organizations might
encounter several common challenges in the process. Here are some
challenges often faced when implementing and optimizing OEE:

Data availability and accessibility: Accessing real-time production data from
equipment or integrating data from different sources can be challenging.
Legacy equipment might lack the necessary sensors or connectivity to provide
real-time data. Also, disparate data sources and systems might require

integration efforts to consolidate information for OEE analysis.
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Data collection and accuracy: Accurate and timely data collection is crucial
for calculating OEE. However, organizations might face challenges in
collecting data consistently and reliably. Issues such as manual data entry,
reliance on operator input or inadequate data tracking systems can lead to data
inaccuracies or incomplete information, affecting the reliability of OEE
measurements.

Understanding OEE metrics: Interpreting OEE metrics and understanding their
implications can be challenging for organizations. Without proper training and
knowledge, it can be difficult to identify the underlying causes of low OEE,
prioritize improvement efforts and implement effective solutions. Education
and training on OEE metrics and their interpretation are essential for
successful implementation.

Organizational alignment and culture: Implementing OEE improvements
requires organizational alignment and a culture that supports continuous
improvement. Resistance to change, lack of buy-in from employees or a
culture that prioritizes short-term productivity over long-term efficiency can
hinder OEE initiatives. Overcoming these challenges requires effective
communication, employee engagement and a focus on promoting a culture of
continuous improvement.

Equipment complexity and variability: Modern production equipment can be
complex and highly variable, with different modes, setups or configurations.
Managing OEE for such equipment can be challenging, as different operating
conditions might result in different OEE values. Accounting for equipment
variability and developing standardized OEE metrics that can capture various
equipment configurations can be a complex task.

Identifying and addressing root causes: Determining the root causes of low
OEE can be challenging, as multiple factors might contribute to inefficiencies.
It requires a systematic approach, data analysis and collaboration among

various stakeholders, including operators, maintenance personnel and process
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engineers. Identifying the underlying issues accurately is crucial for
implementing effective corrective actions.
Balancing tradeoffs: Improving one aspect of OEE (availability, performance
or quality) can sometimes lead to tradeoffs in other areas. For example,
increasing production speed (performance) might result in higher defect rates
(quality). Organizations need to carefully balance these tradeoffs and consider
the overall impact on OEE and customer satisfaction.
Sustaining OEE improvements: Achieving initial improvements in OEE is a
significant accomplishment, but sustaining those gains can be challenging.
Without a focus on continuous monitoring, performance management and
ongoing improvement efforts, OEE can decline over time. Sustaining
improvements requires a commitment to ongoing measurement and analysis.
Why lean metrics matter
They provide focus: They help teams understand what success looks like and
provide a clear target for improvement efforts.
They drive data-driven decisions: They allow teams to measure the impact of
changes and make adjustments based on facts, not just forecasts.
They help identify bottlenecks: By breaking down a process and tracking
different metrics, teams can find where delays or inefficiencies occur.
They align teams: They provide a shared understanding of goals and help
ensure everyone is working toward the same objectives.
LEAN metric (Processor Efficiency)
A specific, technical metric with the acronym LEAN also exists. It stands
for Logic Executing Actual Numbers.

This metric is used to measure how efficiently a processor performs
calculations by determining how many transistors are actually computing a

value that contributes to the final result.
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1.6 Hidden Time Traps

Hidden time traps in Lean are non-value-added activities that waste time, and
they are often the root causes behind the eight wastes of Lean, such as waiting,
overproduction, and unnecessary motion. These traps include issues like
poorly run meetings, fragmented data, manual task-heavy processes, and a
failure to address the root cause of problems, as well as more subtle forms of

waste like over processing and excess inventory that consume time indirectly.

Extro-
Processing /\\ Defects

Motion ﬁg b/&Tb Overproduction

Inventory Waiting

S

Transportation "% @ Non-Utilized
Talent

Figure 1.4
Common hidden time traps
Waste of Waiting: Idle time caused by bottlenecks, waiting for materials, or
waiting for a decision from someone else.
Waste of Over processing: Doing more work on a product or task than is
necessary, such as excessive inspections or polishing.
Waste of Transportation: Moving products or materials more than the
customer requires, which can lead to damage and delay.
Waste of Motion: Unnecessary movement of people, such as walking to a far-
off supply cabinet or searching for tools.
Waste of Inventory: Storing more inventory than is needed, which ties up
capital and space and can hide other problems.
Poorly run meetings: Meetings without clear objectives, necessary attendees,

or a defined agenda are a significant source of wasted time.
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Fragmented and disconnected data: In modern organizations, a lack of
visibility into data or the need to manually piece information together for tasks
like compliance is a major time sink.

Focusing on immediate fixes instead of root causes: The tendency to quickly
fix a problem without investigating and solving the underlying issue, often a
result of pressure to maintain output, leads to recurring problems.

How to identify and eliminate them

Use frameworks like the "8 Wastes of Lean" or the
acronyms DOWNTIME (Defects, Overproduction, Waiting, Non-Utilized
Talent,  Transportation,  Inventory,  Motion, Excess  Processing)
or TIMWOODS (Transportation, Inventory, Motion, Waiting,
Overproduction, Over processing, Defects, Skills) to categorize and identify
different types of waste.

Perform a Value Stream Map to visually map out every step of a process and
identify where time is being lost.

Use Kaizen (continuous  improvement) to encourage small, daily
improvements from everyone on the team.

Implement Jidoka (automation with a human touch), which includes stopping
the line or a process to fix problems as soon as they are detected.

Analyze the frequency, duration, and effectiveness of meetings to find and

eliminate time-wasting practices.

1.7 Definition of six sigma
Six Sigma is a set of techniques and tools used to improve business processes.
It was introduced in 1986 by engineer Bill Smith while working at Motorola.
Six Sigma practitioners use statistics, financial analysis, and project
management to identify and reduce defects and errors, minimize variation, and
increase quality and efficiency.

The five phases of the Six Sigma method, known as DMAIC, are defining,

measuring, analyzing, improving, and controlling.
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Six Sigma is based on the idea that all business processes can be measured and
optimized. The term Six Sigma originated in manufacturing as a means of
quality control. Six Sigma quality is achieved when long-term defect levels are
below 3.4 defects per million opportunities (DPMO).

Six Sigma has since evolved into a more general business concept, focusing
on meeting customer requirements, improving customer retention, and
improving and sustaining business products and services. Among its best-
known proponents was the longtime General Electric CEO Jack Welch. Six
Sigma certification programs confer belt rankings similar to those in the
martial arts, ranging from white belt to black belt.

The 5 Steps of Six Sigma

The Six Sigma method uses a step-by-step approach called DMAIC, an
acronym that stands for Define, Measure, Analyze, Improve, and Control.
According to Six Sigma adherents, a business may solve any seemingly
unsolvable problem by following these five steps.

Define: A team of people, led by a Six Sigma expert, chooses a process to
focus on and defines the problem it wishes to solve.

Measure: The team measures the initial performance of the process, creating a
benchmark, and pinpoints a list of inputs that may be hindering performance.
Analyze: Next the team analyzes the process by isolating each input, or
potential reason for any failures, and testing it as the possible root of the
problem.

Improve: The team works from there to implement changes that will improve
system performance.

Control: The group adds controls to the process to ensure it does not regress
and become ineffective once again.

What Is Lean Six Sigma?

Lean Six Sigma is a team-focused managerial approach that seeks to improve
performance by eliminating waste and defects while boosting the

standardization of work. It combines Six Sigma methods and tools and the
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lean manufacturing/lean enterprise philosophy, striving to reduce the waste of
physical resources, time, effort, and talent while assuring quality in production
and organizational processes. Any use of resources that does not
create value for the end customer is considered a waste and should be
eliminated.

Six Sigma Certification and Belt Rankings

Individuals can obtain Six Sigma certification to attest to their understanding
of the process and their skills in implementing it. These certifications are
awarded through a belt system similar to karate training. The belt levels are:2
White belt: Individuals with a white belt have received some instruction in the
basics of Six Sigma, but have not yet gone through any formal training or
certification program. This gives them enough knowledge to become team
members.

Yellow belt: This level can be attained after several training sessions, and
equips participants with the knowledge to lead small projects and assist
managers who hold more advanced belts.

Green belt: To achieve this level, individuals take a more comprehensive
course that prepares them to become project leaders.

Black belt: After reaching the green belt level, participants can move on to
black belt certification, preparing them for leadership roles in larger and more
complex projects.

People with black belts can become masters and champions. Someone with a
master black belt is considered an expert and strong leader with excellent
problem-solving skills. A champion is a lean Six Sigma leader trained in
maximizing profits through the elimination of waste and defects

Real-World Examples of Six Sigma

Six Sigma is used by many companies, local governments, and other
institutions. Here are two examples of how Six Sigma improved operational

efficiency, saved money, and increased customer satisfaction.
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Microsoft

Microsoft (MSFT) is one of the largest software producers in the world. It
used Six Sigma to help eradicate defects in its systems and data centers and
systematically reduce IT infrastructure failures.

The company first established standards for all of its hardware and software
to create a baseline measurement for detecting defects. It then used root-cause
analysis, including collecting data from past high-priority incidents, server
failures, and recommendations from product group members and customers, to
pinpoint potential problem areas.

Large amounts of data were collected on a daily and weekly basis from
various servers. The incidents were prioritized based on how severely
the defects affected the business and the company's underlying services. Data
analysis and reporting identified the specific defects, after which remediation
steps for each defect were established.

As a result of Six Sigma, Microsoft says it improved the availability of its
servers, boosted productivity, and increased customer satisfaction.

Ventura County, California, Government

Ventura County, California, credited the use of Lean Six Sigma for a savings
of $33 million. The county government began to use the program in 2008 and
has trained more than 5,000 employees in the methodology. The county says
the savings are due in part to the introduction of more efficient new systems
and the elimination of unnecessary, but time-consuming, steps from its prior
processes.

For example, the VC Star newspaper reported in 2019 that the county saved
"$51,000 with an appointments system that reduced labor costs and rates for
maintenance of county vehicles [and] almost $400,000 annually by

implementing a new system to track employee leaves of absence."
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1.8 Case analysis

Six Sigma is a proven methodology for improving business processes by
reducing variation and eliminating defects. While understanding its principles
is essential, seeing Six Sigma in action through real-world case studies offers a
deeper and more practical understanding of its potential.

Case studies are invaluable as they showcase how companies across
industries have successfully implemented Six Sigma to tackle specific
challenges, optimize processes, and drive measurable improvements. In this
blog, we explore several impactful Six Sigma case studies, providing insight
into the strategic application of Six Sigma and the results achieved.

Top Six Sigma Case Studies

To truly grasp the power of Six Sigma, it's essential to look at how it has been
applied in real-world scenarios. These top Six Sigma case studies highlight
some of the most impactful examples from leading organizations. They
showcase the versatility of Six Sigma across various industries and illustrate
how companies have used its tools and techniques to solve critical challenges,
enhance operational efficiency, and significantly improve their bottom line.
Explore these case studies to see Six Sigma's transformative results in action.
1. Toyota's Six-Sigma Success

The case study on Six Sigma in Toyota Motor Corporation explores how the
automotive giant implemented Six Sigma principles to enhance its
manufacturing processes and maintain its leadership in quality and efficiency.
Toyota is renowned for its commitment to quality management and lean
manufacturing, and Six Sigma has played a key role in furthering these
initiatives.

Here are the key takeaways from the case study:

Challenges Addressed

Toyota faced several challenges related to production efficiency, process

variation, and defect reduction. The company needed to ensure that its
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vehicles met the highest quality standards while maintaining cost-effectiveness
and minimizing waste.
Six Sigma Implementation
To address these challenges, Toyota incorporated Six Sigma into its existing
lean practices. The Six Sigma methodology focused on:
e Reducing process variation to ensure consistency in production
e Eliminating defects to improve overall product quality
e Data-driven decision-making to identify the root causes of
inefficiencies
Toyota used the DMAIC (Define, Measure, Analyze, Improve, Control)
process to systematically improve specific areas of production. By collecting
and analyzing data, the company was able to identify problems and areas of
waste in its processes.
Results Achieved
The implementation of Six Sigma led to several positive outcomes for Toyota,
including:
e Increased production efficiency: Streamlined processes resulted in
faster production cycles
e Reduction in defects: The company experienced fewer defects per
vehicle, contributing to higher customer satisfaction
e Cost savings: Reducing waste and improving efficiency led to
significant cost reductions in the manufacturing process
e Continuous improvement culture: Six Sigma reinforced Toyota's
philosophy of continuous improvement (Kaizen), driving ongoing
innovations and improvements
Impact on the Organization
The Six Sigma initiative not only improved Toyota's manufacturing processes
but also had a broader impact on the company's global operations. It helped

Toyota maintain its reputation for reliability and quality, key attributes that
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continue to differentiate the company in the highly competitive automotive
industry.
2. Six Sigma Revolutionized Motorola's Operations
The case study on Six Sigma in Motorola provides an in-depth look at how
Motorola pioneered the Six Sigma methodology, which became one of the
most influential business strategies for quality management across industries.
Motorola's application of Six Sigma is widely regarded as one of the earliest
and most successful implementations of the methodology, revolutionizing the
company's approach to quality and operational efficiency.
Challenges Addressed
Motorola faced significant quality issues during the early 1980s, particularly
high defect rates in its manufacturing processes. These defects increased
operational costs, delayed production schedules, and led to customer
dissatisfaction. In a competitive market, Motorola needed to revamp its
approach to quality management to remain competitive and profitable.
Six Sigma Implementation
To address these challenges, Motorola adopted and developed the Six Sigma
methodology. This approach focused on:
e Minimizing defects: Aiming to achieve less than 3.4 defects per
million opportunities
e Standardizing processes: Improving consistency and reducing
variability across production lines
e Data-driven decision-making: Using statistical tools to identify root
causes of defects and inefficiencies
Motorola pioneered the DMAIC methodology, defining problem areas,
measuring defects, analyzing data, improving processes, and controlling
outcomes to ensure long-term success. The company also made significant
investments in employee training, ensuring that Six Sigma became a

company-wide initiative that engaged all levels of staff.
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Results Achieved
Motorola saw significant improvements after implementing Six Sigma,
including:
e Reduction in defects: Motorola reduced its defects by more than 90%,
which led to higher product reliability and performance
e Cost savings: The company reported savings of around $16 billion
over a 10-year period, driven by lower rework and defect-related costs
e Improved efficiency: Manufacturing cycles were shortened, and
operational efficiency significantly improved due to streamlined
processes
e Customer satisfaction: With improved product quality and reliability,
customer complaints decreased, and brand loyalty increased
Impact on the Organization
Motorola's Six Sigma implementation not only enhanced its internal
operations but also set a new standard for quality management in the global
business community. The success of the Six Sigma methodology led other
major corporations, including General Electric, to adopt similar strategies.
3. Six Sigma Case Study of Amazon.com
Amazon.com is a global leader in e-commerce, renowned for its customer-
centric approach and efficient operations. The company has utilized Six Sigma
principles to streamline its processes, enhance customer satisfaction, and
maintain its competitive edge in the market. This case study focuses on how
Amazon integrated Six Sigma into its business model to improve operational
efficiency and ensure consistent service quality.
Challenges Addressed
Amazon.com faced several operational challenges due to its rapidly expanding
supply chain and increasing customer demands. Managing the complexity of a
vast network of products and delivery points led to inefficiencies and delays in
order fulfillment. Additionally, the company struggled with ensuring timely

and accurate deliveries while reducing order processing errors. These
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challenges affected customer satisfaction and required a strategic approach to
streamline processes and maintain service quality.

Six Sigma Implementation

To address these operational issues, Amazon adopted Six Sigma
methodologies to optimize its processes. Key strategies included:

Defining critical processes: Amazon identified key areas like order fulfillment,
inventory management, and shipping, where defects or inefficiencies were
most likely to occur

Measuring performance: Using Six Sigma's data-driven approach, Amazon
collected metrics on order accuracy, delivery times, and customer satisfaction
to understand baseline performance

Analyzing root causes: Amazon applied statistical analysis tools to identify the
root causes of inefficiencies in its processes, particularly in its supply chain
and logistics operations

Improving processes: Solutions were implemented to address identified
inefficiencies. For example, Amazon focused on reducing order processing
times, improving inventory management, and optimizing shipping routes
Controlling outcomes: Once improvements were in place, Amazon established
control mechanisms to ensure that processes remained efficient and
sustainable over time

Results Achieved

The integration of Six Sigma into Amazon’s operations resulted in several key
benefits:

Increased operational efficiency: Amazon significantly reduced processing
times and optimized its supply chain, leading to faster order fulfillment and
reduced costs.

Reduction in order errors: By identifying and addressing the root causes of
order inaccuracies, Amazon reduced defects in the order fulfillment process,

leading to more accurate deliveries.
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Improved customer satisfaction: With faster delivery times and more reliable
service, Amazon enhanced customer satisfaction, which helped solidify its
reputation as a leader in e-commerce.

Scalability: The improvements driven by Six Sigma allowed Amazon to scale
its operations more effectively as it expanded globally, ensuring consistent
service quality across all markets.

Impact on the Organization

Amazon’s successful implementation of Six Sigma not only improved its
operational efficiency but also helped the company maintain its commitment
to customer satisfaction. By applying Six Sigma principles, Amazon
optimized key aspects of its supply chain, reduced defects, and maintained
high service standards, even as the company scaled rapidly. This case study
demonstrates how Six Sigma can be applied in e-commerce to drive efficiency
and support growth.

Ford Motors, a global leader in automotive manufacturing, sought to
enhance its operational efficiency and product quality in response to growing
competition and increasing customer expectations. By integrating Six Sigma
principles into its processes, Ford aimed to improve quality control, streamline
production, and reduce costs. This case study explores how Ford utilized Six
Sigma methodologies to address key operational challenges, drive continuous
improvement, and ultimately, deliver a better customer experience.
Challenges Addressed
Ford Motors faced multiple challenges, including high defect rates in its
vehicle manufacturing processes, which led to increased customer complaints
and warranty claims. These quality issues not only harmed the company's
reputation but also resulted in significant cost inefficiencies due to rework and
warranty expenses. The rising production costs and customer dissatisfaction
affected Ford's profitability, prompting the need for a structured approach to

address these problems and improve operational efficiency.
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Six Sigma Implementation

Ford implemented Six Sigma to improve product quality and reduce
operational inefficiencies. The company adopted the following Six Sigma
strategies:

e DMAIC approach: Ford used the Define, Measure, Analyze, Improve,
Control (DMAIC) methodology to identify and address defects in its
manufacturing processes

e Focus on critical processes: By focusing on key areas such as
manufacturing, supply chain management, and vehicle design, Ford
aimed to reduce variability and ensure consistency in production

e Cross-functional teams: Ford trained employees across different
departments in Six Sigma, enabling them to work together in
identifying and solving quality issues

Results Achieved

The implementation of Six Sigma at Ford resulted in significant
improvements:

Reduction in defects: Ford successfully reduced vehicle defects by applying
Six Sigma tools to identify root causes and eliminate them, leading to higher
product quality

Cost savings: By reducing rework and warranty claims, Ford saved millions in
production and service costs

Improved customer satisfaction: The enhanced quality of vehicles contributed
to increased customer satisfaction and reduced warranty claims

Cultural change: Six Sigma also fostered a culture of continuous improvement
within Ford, with employees becoming more proactive in identifying and
solving problems

Impact on the Organization

The adoption of Six Sigma had a lasting impact on Ford's operations. It
enabled the company to not only improve the quality of its vehicles but also

strengthen its competitive position in the market. The reduction in defects and
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improved process efficiency allowed Ford to enhance its brand image and
customer trust while achieving significant cost savings.

Conclusion

This blog has showcased real-world Six Sigma case studies, demonstrating its
transformative power. From manufacturing to service industries, organizations
have successfully implemented Six Sigma to drive efficiency, enhance quality,
and reduce costs. By studying these case studies, you can learn from their
experiences, understand common challenges, and discover strategies to apply

in your own organization.
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UNIT 11
INTEGRATION OF LEAN
& SIX SIGMA

2.1 Evolution of Lean Six Sigma

In today’s rapidly evolving industrial landscape, the significance of process
improvement methodologies cannot be overstated. These methodologies act as
the backbone of organizational excellence, ensuring streamlined operations,
enhanced efficiency, and consistent quality. At the forefront of these
methodologies is Six Sigma, a pioneering approach that traces its roots back to
the early stages of the six sigma history timeline. The evolution of Six Sigma
began with the development of foundational frameworks such as the PDCA
cycle and Statistical Process Control (SPC), laying the groundwork for what
would become a revolutionary paradigm in process optimization.
Concurrently, the history of lean six sigma emerged as a fusion of Lean
principles—focused on waste reduction and value creation—and Six Sigma’s
data-driven, defect-reduction techniques. This amalgamation gave birth
to Lean Six Sigma, a holistic methodology that synergizes the strengths of
both approaches to deliver unparalleled results. For those unfamiliar with its
intricacies, understanding what is Lean Six Sigma methodology becomes
imperative. Essentially, it encompasses a structured approach to eliminating
waste (Lean) and reducing variability (Six Sigma), thereby driving
improvements across diverse operational facets. As we delve deeper into the
evolution of Lean Six Sigma, one can observe its transformative impact across
various sectors, shaping organizational cultures and setting new benchmarks
for excellence. Whether it’s exploring what is Lean training for aspiring

professionals or delving into the nuances of the Lean Six Sigma history
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timeline, the journey underscores a relentless pursuit of perfection and
continuous improvement. Thus, as we embark on this exploration titled “The
History and Evolution of Lean Six Sigma,” we aim to unravel the rich tapestry
of its origins, milestones, and enduring legacy in shaping modern industry.
The Roots of Lean and Six Sigma

Six Sigma

Origin and early applications

Introduction to Six Sigma’s Roots: Delve into the historical context that led to
the development of Six Sigma. Highlight the prevalent quality management
challenges faced by industries in the late 20th century.

Emergence at Motorola: Discuss how Motorola became the pioneering
organization to formally adopt and implement Six Sigma, driven by the need
to reduce defects in their manufacturing processes.

Spread Across Industries: Explore the rapid adoption of Six Sigma beyond
manufacturing, into sectors like healthcare, finance, and services, showcasing
its versatility and applicability.

Key figures: Bill Smith, Mikel Harry, and others

Bill Smith: The Engineer Behind Six Sigma: Detail the contributions of Bill
Smith, an instrumental figure at Motorola who recognized the potential of
statistical methods in quality improvement.

Mikel Harry: Architect and Advocate: Provide an overview of Mikel Harry’s
role in shaping Six Sigma’s methodologies and promoting its principles
globally.

Other Influential Figures: Highlight additional contributors and thought
leaders who played significant roles in refining and expanding Six Sigma’s
concepts and applications.

The philosophy behind Six Sigma: Defining, measuring, analyzing,

improving, and controlling processes.
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The DMAIC Framework: Introduce the DMAIC (Define, Measure, Analyze,
Improve, Control) methodology as the cornerstone of Six Sigma, explaining
each phase in detail.

Holistic Approach to Process Improvement: Discuss how Six Sigma
emphasizes a comprehensive approach, focusing not only on defect reduction
but also on enhancing overall process efficiency and customer satisfaction.
Integration of Statistical Tools: Highlight the importance of statistical tools
and techniques in Six Sigma, showcasing how data-driven decision-making
drives tangible improvements and sustainable results.

Cultural Transformation: Emphasize the cultural shift fostered by Six Sigma,
where continuous improvement becomes ingrained in the organizational
mindset, fostering a culture of excellence and innovation.

Lean Thinking

Origins in Toyota Production System (TPS) and the work of Taiichi Ohno.
Historical Context: In the aftermath of World War II, Japan faced a
challenging socio-economic landscape marked by resource constraints, high
variability in customer demand, and intense competition. Within this milieu,
Toyota emerged as a beacon of innovation, pioneering a novel approach to
manufacturing that would later be recognized as Lean Thinking. The Toyota
Production System (TPS) was not merely a set of tools and techniques but a
holistic philosophy grounded in principles of efficiency, continuous
improvement, and respect for people.

Taiichi Ohno: The Architect of TPS: Taiichi Ohno, a visionary engineer and
executive at Toyota, played a pivotal role in conceptualizing and refining the
TPS. Ohno’s insights into the nuances of production processes led to the
development of groundbreaking methodologies, including the Just-In-Time
(JIT) production system and the concept of eliminating waste, known as
Muda. His emphasis on empowering frontline workers, fostering a culture of
problem-solving, and relentlessly pursuing operational excellence laid the

foundation for Lean Thinking’s core tenets.
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Significance in the Six Sigma History Timeline: While Six Sigma and Lean
Thinking emerged from distinct historical contexts and evolved independently,
their trajectories intersect in the pursuit of operational excellence.
Understanding the distinct origins and evolution of Lean Thinking within the
broader six sigma history timeline provides a nuanced appreciation of their
complementary nature, offering organizations a comprehensive toolkit for
addressing diverse operational challenges and opportunities.

Core principles: Value, value stream, flow, pull, and perfection.

Value Creation: At the heart of Lean Thinking lies the principle of ‘Value,’
emphasizing the critical importance of understanding and aligning with
customer needs and expectations. By focusing on value creation, organizations
can streamline processes, eliminate non-value-added activities, and deliver
products or services that resonate with customers, thereby fostering loyalty
and driving sustainable growth.

Value Stream Mapping: The ‘Value Stream’ concept transcends traditional
functional silos, providing a holistic view of end-to-end processes. Value
Stream Mapping, a core Lean tool, enables organizations to visualize
workflow, identify bottlenecks, and optimize processes to enhance efficiency,
reduce lead times, and enhance customer value.

Flow and Pull Systems: ‘Flow’ and ‘Pull’ principles advocate for the seamless,
uninterrupted movement of products or services through the value stream,
driven by actual customer demand. By implementing Pull systems,
organizations can synchronize production with demand, minimize inventory,
and enhance responsiveness, thereby fostering operational flexibility and
adaptability.

Perfection as a Continuous Journey: In Lean Thinking, ‘Perfection’ is not a
static state but a dynamic, aspirational journey characterized by relentless
pursuit of excellence. By embracing a mindset of continuous improvement,

organizations can challenge the status quo, drive innovation, and cultivate a
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culture of excellence that transcends boundaries and fosters sustainable
success.

The focus on waste elimination and continuous improvement.

Elimination of Waste: Lean Thinking’s unequivocal focus on waste
elimination, encapsulated in the concept of Muda, reflects its commitment to
maximizing value and optimizing resource utilization. By categorizing and
systematically addressing seven types of waste—ranging from overproduction
and inventory excess to defects and underutilized talent—organizations can
unlock hidden efficiencies, reduce costs, and enhance overall performance.
Kaizen and Continuous Improvement: ‘Kaizen,” a cornerstone of Lean
Thinking, embodies the ethos of continuous improvement and incremental
enhancement. By engaging employees at all levels, fostering cross-functional
collaboration, and leveraging data-driven insights, organizations can cultivate
a culture of Kaizen that empowers teams, accelerates innovation, and drives
sustainable growth.

Integration with Six Sigma: The convergence of Lean Thinking and Six
Sigma, commonly referred to as Lean Six Sigma, represents a synthesis of
Lean’s focus on waste elimination, flow optimization, and continuous
improvement with Six Sigma’s analytical rigor, data-driven decision-making,
and defect reduction capabilities. This integrated approach amplifies the
impact of process improvement initiatives, enhances organizational resilience,
and fosters a holistic framework for achieving operational excellence in
today’s complex, dynamic business environment.

The Emergence of Lean Six Sigma

Motorola’s Contribution

Introduction to the Motorola case study and the birth of Six Sigma

Historical Context: Delve into the manufacturing landscape of the late 20th
century, highlighting the prevalent quality control challenges faced by

organizations, including Motorola. Detail the imperative need for a systematic
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approach to address these issues, laying the groundwork for the emergence of
Six Sigma.

Pioneering Initiatives: Chronicle Motorola’s proactive stance in championing
quality improvement initiatives, culminating in the formalization of Six
Sigma. Emphasize the organization’s commitment to redefining quality
benchmarks and fostering a culture of continuous improvement.

Significance in the Six Sigma History Timeline: Position Motorola’s
pioneering efforts within the broader context of the six sigma history timeline,
underscoring its role as a seminal moment that catalyzed the methodology’s
evolution and global proliferation.

How Motorola combined statistical methods with lean principles
Integration of Methodologies: Provide a nuanced exploration of how Motorola
amalgamated statistical methods, characterized by rigorous data analysis and
process control, with Lean principles, emphasizing waste reduction and value
enhancement. Illustrate the synergies between these approaches, highlighting
their complementary nature in driving holistic process improvement.

Holistic Approach: Expound on the comprehensive nature of Motorola’s
approach, where the fusion of statistical rigor with Lean’s operational
excellence principles created a robust framework for addressing multifaceted
challenges. Emphasize the organization’s innovative synthesis of these
methodologies, setting a precedent for subsequent implementations.
Contribution to the Evolution of Lean Six Sigma: Chart Motorola’s
instrumental contributions to the evolution of Lean Six Sigma, elucidating its
role in shaping methodologies, refining tools, and fostering best practices.
Highlight the organization’s pivotal influence on Lean Six Sigma’s conceptual
development and practical application.

Training and Skill Development: Illuminate Motorola’s strategic emphasis on
training and skill development, elucidating how the organization cultivated a
cadre of adept practitioners proficient in Lean Six Sigma methodologies.

Discuss the establishment of comprehensive training programs, knowledge
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transfer initiatives, and organizational learning mechanisms that fortified its
implementation capabilities.

Early successes and adoption across the industry

Demonstrable Results: Showcase the tangible outcomes realized by Motorola
through the rigorous application of Six Sigma, delineating notable
improvements in product quality, process efficiency, and customer satisfaction
metrics. Present compelling case studies and performance metrics that attest to
the transformative impact of the methodology.

Industry-wide Impact: Examine the ripple effect triggered by Motorola’s
success stories, exploring how its achievements galvanized interest in Six
Sigma across diverse industry sectors. Chart the methodology’s diffusion,
highlighting pivotal milestones, seminal implementations, and organizations
that championed its adoption.

Benchmark for Excellence: Position Motorola as a paragon of operational
excellence, underscoring its innovative practices, exemplary outcomes, and
enduring commitment to quality improvement. Emphasize the organization’s
role as a benchmark that set new industry standards and catalyzed a paradigm
shift in quality management practices.

Legacy in the History of Six Sigma: Conclude by reaffirming Motorola’s
indelible legacy in the history of Six Sigma, encapsulating its pioneering
spirit, transformative contributions, and lasting influence on the
methodology’s evolution. Reflect on the organization’s enduring impact,
celebrating its role as a trailblazer that illuminated the path for subsequent
generations of practitioners and organizations.

Integration of Lean and Six Sigma

The complementary nature of the two methodologies

Historical Context: The evolution of Six Sigma, rooted in statistical methods
and rigorous data analysis, and Lean Thinking, anchored in waste elimination
and value creation, emerged from distinct historical contexts and

organizational imperatives. While Six Sigma’s origins can be traced back to
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the development of the PDCA cycle and Statistical Process Control (SPC),
Lean Thinking evolved from the Toyota Production System (TPS) and Taiichi
Ohno’s seminal contributions. Despite their unique trajectories, these
methodologies converged in their shared objective of enhancing organizational
performance, fostering a culture of continuous improvement, and delivering
superior customer value.

Complementary Principles: Explore the foundational principles of Six Sigma,
emphasizing defect reduction, process optimization, and data-driven decision-
making, and juxtapose them with Lean’s focus on waste elimination, flow
optimization, and value stream enhancement. Highlight how these principles,
while distinct in their emphasis, are inherently complementary, providing
organizations with a comprehensive framework for addressing multifaceted
operational challenges and opportunities.

Symbiotic Relationship: Illustrate the symbiotic relationship between Lean
and Six Sigma, underscoring how their integration—commonly referred to as
Lean Six Sigma—enables organizations to leverage the strengths of both
methodologies. Discuss how this synergistic approach fosters a holistic,
integrated framework for achieving operational excellence, driving innovation,
and sustaining competitive advantage in today’s dynamic business landscape.
The concept of “Lean Six Sigma” and its foundational principles
Emergence of Lean Six Sigma: Chart the evolution of Lean Six Sigma, tracing
its origins and development within the broader six sigma history timeline and
the history of Lean Six Sigma. Discuss how organizations began to recognize
the complementary nature of Lean and Six Sigma methodologies and the
transformative potential of their integration.

Foundational Principles: Define and elaborate on the foundational principles
of Lean Six Sigma, encompassing elements of waste elimination, defect
reduction, value creation, and continuous improvement. Explore how these
principles provide a robust framework for process optimization, organizational

alignment, and customer-centric innovation.
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Methodological Framework: Provide an overview of what is Lean Six Sigma
methodology, outlining its key components, stages, and tools. Discuss how
Lean Six Sigma’s structured, data-driven approach empowers organizations to
identify root causes, implement targeted interventions, and monitor
performance metrics to drive sustainable improvements and achieve desired
outcomes.

Benefits of combining Lean and Six Sigma: Speed, efficiency, and quality.
Enhanced Speed and Responsiveness: Discuss the tangible benefits
organizations can realize by combining Lean and Six Sigma methodologies,
emphasizing accelerated process cycles, reduced lead times, and enhanced
agility. Hlustrate how Lean Six Sigma enables organizations to streamline
operations, eliminate bottlenecks, and respond swiftly to market dynamics and
customer demands, fostering a competitive edge in today’s fast-paced business
environment.

Optimized Efficiency and Resource Utilization: Explore how the integration
of Lean and Six Sigma enables organizations to optimize resource utilization,
minimize waste, and enhance overall operational efficiency. Discuss the
synergistic benefits of Lean’s focus on waste elimination and flow
optimization, coupled with Six Sigma’s emphasis on data-driven decision-
making and process optimization, in driving tangible improvements in
productivity, cost-effectiveness, and resource allocation.

Superior Quality and Customer Satisfaction: Highlight the profound impact of
Lean Six Sigma on product and service quality, emphasizing defect reduction,
process standardization, and customer-centric innovation. Discuss how Lean
Six Sigma’s relentless pursuit of perfection, coupled with its structured
problem-solving approach, fosters a culture of excellence, customer
satisfaction, and continuous improvement, positioning organizations to deliver

unparalleled value and achieve sustainable growth.
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2.2 The Synergy of Lean and Six Sigma

Six Sigma is a data-driven methodology focused on identifying and
eliminating defects in processes to achieve near-perfect quality. It utilizes a
structured approach called DMAIC (Define, Measure, Analyze, Improve,
Control) to systematically improve processes and reduce variations, ultimately
enhancing customer satisfaction and increasing profitability.

Lean, on the other hand, emphasizes the elimination of waste and non-value-
added activities within processes. It seeks to create more value for customers
with fewer resources by optimizing workflow, reducing lead times, and
minimizing inventory. Lean principles are derived from the Toyota Production
System and are centered around continuous improvement, teamwork, and
respect for people.

The Synergy of Integration

1. Complementary Objectives:

Six Sigma and Lean methodologies have overlapping objectives. While Six
Sigma focuses on reducing defects and variations, Lean targets waste
elimination. By integrating these methodologies, organizations can address
both quality issues and inefficiencies simultaneously, leading to holistic
process improvements.

2. Enhanced Problem-Solving:

Six Sigma provides a structured approach for problem-solving and data
analysis, which complements Lean’s focus on continuous improvement. By
incorporating Six Sigma tools such as statistical analysis and hypothesis
testing, Lean initiatives can be guided by data-driven decision-making,
ensuring sustainable improvements.

3. Customer-Centric Focus:

Both methodologies prioritize understanding customer needs and delivering
value. Integrating Six Sigma and Lean allows organizations to identify critical

customer requirements (Six Sigma) and optimize processes to meet these
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requirements efficiently (Lean). This customer-centric approach leads to
increased customer satisfaction and loyalty.

Strategies for Successful Integration

1. Leadership Commitment:

Senior leadership support is crucial for the successful integration of Six Sigma
and Lean. Leaders must champion the initiative, allocate resources, and
communicate the integration’s strategic importance to the entire organization.
2. Cross-Functional Collaboration:

Integration requires collaboration across departments and teams. Encouraging
open communication and fostering teamwork between Six Sigma and Lean
practitioners ensures a holistic approach to process improvement.

3. Training and Skill Development: Providing comprehensive training in both
Six Sigma and Lean methodologies equips employees with the necessary skills
to apply integrated techniques effectively. Continuous learning and skill
development should be encouraged to sustain the integration process.

4. Data-Driven Decision Making:

Utilizing data analysis tools and statistical methods from Six Sigma enables
informed decision-making within Lean initiatives. Data-driven insights help
identify root causes, prioritize improvement opportunities, and measure the
impact of integrated efforts.

The integration of Six Sigma and Lean methodologies creates a powerful
framework for achieving operational excellence. By combining Six Sigma’s
focus on quality and data-driven analysis with Lean’s emphasis on waste
reduction and continuous improvement, organizations can optimize processes,
enhance customer satisfaction, and gain a competitive edge in the market.
Through strong leadership, collaboration, and a commitment to ongoing
improvement, businesses can harness the synergies of Six Sigma and Lean
integration to drive sustainable growth and deliver exceptional value to

customers.
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2.3 Definition of Lean Six Sigma

Lean Six Sigma is a combination of lean methodology and Six Sigma strategy.
Lean methodology was established by automaker Toyota (TM) in the 1940s.
Its purpose was to remove non-value-adding activities from
the production process.

Six Sigma, on the other hand, was established in 1986 by an engineer at U.S.
telecommunications company Motorola (MSI) who was inspired by
Japan’s Kaizen model. It was trademarked by the company in 1993. Its
method seeks to identify and reduce defects in the production process. It also
strives to streamline the variability of the production process.

Lean Six Sigma emerged in the 1990s as large U.S. manufacturers attempted
to compete with Japan’s better-made products. The combination strategy was
introduced by Michael George and Robert Lawrence Jr. in their 2002 book
"Lean Six Sigma: Combining Six Sigma with Lean Speed."

The Lean Six Sigma Concept

The Lean in this concept refers to any method, measure, or tool that helps in
the identification and elimination of waste. The concept focuses on the
reduction and elimination of eight kinds of waste known as “DOWNTIME,”
an acronym for defects, overproduction, waiting, non-utilized talent,
transportation, inventory, motion, and extra-processing.

The term “Six Sigma” refers to tools and techniques that are used to
improve manufacturing processes. The strategy attempts to identify and
eliminate the causes of defects and variations in business and manufacturing
processes.

Six Sigma’s DMAIC phases are utilized in Lean Six Sigma. The acronym
stands for define, measure, analyze, improve, and control—all of which are
explored in more detail below. Together, they refer to the data-driven five-step
method for improving, optimizing, and stabilizing business and manufacturing

processes.
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A Lean Six Sigma approach that combines lean strategy and Six Sigma’s tools
and techniques highlights processes that are prone to waste, defects, and
variation and then reduces them to ensure improvement in a company’s
operational processes.

Lean Six Sigma Techniques

The techniques and tools used to accomplish essential goals of the Lean Six
Sigma strategy include:

Kanban: This involves workflow management practices, such as work
visualization and limited work in progress, which maximize efficiency and
promote continuous improvement.

Kaizen: This is a Japanese word that denotes change for the better or
continuous improvement. Practices that engage employees and promote a
work environment that emphasizes self-development and ongoing
improvement are its focus.

Value stream mapping: This technique analyzes places to eliminate waste and
optimize process steps.

5S tool: This technique ensures an efficient, productive, safe, and successful
workplace.

Lean Six Sigma Phases

The DMAIC phases of Lean Six Sigma are used to identify and improve
existing process problems with unknown root causes.

Define: Define the problem from a company perspective, stakeholder
perspective, and customer perspective. Figure out the quality expectations that
customers have and the extent of the problem.

Measure: Examine the current process and how it contributes to the problem.
Determine whether the process can meet customers' previously defined quality
expectations. Match each process step to your quality criteria. Support your
measurements with actual performance data.

Analyze: Examine all information gathered thus far to finalize the exact nature

of the problem, its scope, and its cause.
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Improve: Solve the problem and verify the improvement. Collaborate to
structure a solution that eliminates both the problem and its cause. Use your
data to ensure that the solution fits the issue at hand. Test the solution and
derive performance data to support it.
Control: Monitor improvement and continue to improve where possible.
Finalize acceptable performance criteria. Establish a plan that can deal with
variations that occur, sustain improvements, and prevent a reoccurrence of the
original problem.
Benefits of Lean Six Sigma
The benefits of Lean Six Sigma methods extend to employees, customers,
vendors, and the company:
By increasing the efficiency of important processes, companies can improve
the work experience for employees and the customer experience for buyers.
This can build loyalty inside and outside of a company.
Streamlined, simplified processes can increase control and a company’s ability
to capitalize on new opportunities quickly. They can also lead to increased
sales and revenue, lower costs, and more successful business results.
Involving employees in a group or a company-wide efficiency effort can
improve their skills (e.g., analytical thinking and project management) and
growth opportunities while boosting camaraderie. By preventing defects,
companies save on the time, money, and human effort previously required to
identify and eliminate them.
Lean Six Sigma vs. Six Sigma
Lean Six Sigma and Six Sigma are two related strategies that can solve
process problems. Both can help companies make noteworthy improvements
in quality, efficiency, and use of time by analyzing the way their processes
function. Both use the DMAIC phases/method. Both are based on creating a
problem-solving workplace culture.

Six Sigma is focused on reducing defects and process variability to improve

process output and quality to meet customer expectations. Lean Six Sigma is
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focused on reducing or eliminating the wasteful use of resources and defects to
improve workflow and create more value for customers.

Lean Six Sigma combines aspects of Six Sigma (such as data analysis) and
aspects of the Lean methodology (such as waste-eliminating tools) to improve

process flow, maintain continuous improvement, and achieve business goals.

2.4 The laws of lean six sigma

Businesses are responding to these consumer demands by taking a closer look
at their processes. The way they operate determines the delivery, quality, cost-
efficiency, and customer satisfaction that they get from producing their
products and services. Because of this, companies are looking to process
improvement methodologies such as Lean Six Sigmato gain consistency,
predictability, and sustainability. Here, we want to discuss the five laws that
govern any Lean Six Sigma implementation.

The five laws of Lean Six Sigma are based on the combined principles
of Lean and Six Sigma. In our Lean Six Sigma resource article, we explained
how Lean focuses on flow, speed, and cost by reducing or eliminating process
waste and optimizing process flow. Six Sigma, on the other hand, focuses
on consistency and quality by reducing or eliminating process variation and
defects. All of these contribute to greater customer satisfaction and an overall
increase in process efficiency, which then leads to higher ROI.

The observance and application of the five laws of Lean Six Sigma enable
organizations to chart a path towards continuously improving their business
operations and exceeding customer expectations.

The Five Laws of Lean Six Sigma

Let’s get to know the five laws of Lean Six Sigma and what they mean for
business success.

Zeroth Law: The Law of the Market

While there are five laws in Lean Six Sigma, the first law is referred to as the

zeroth law. This is because it is the fundamental law on which all other laws
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are dependent on. It is called the Law of Market. If we go back to
the principles of Lean Six Sigma, the first one states that businesses should
focus on the customer. We must understand that meeting customer needs and
expectations are directly related to profits. In Six Sigma, the concept of
Critical to Quality (CTQ) determines the success of any product or process.
CTQs are derived from the Voice of the Customer (VOC) which is another Six
Sigma concept. What this simply means is customers are the ones who will
define quality.

The standards, requirements, and specifications for the creation and delivery
of products and services are based on these CTQs. The zeroth law of Lean Six
Sigma lays the foundation for sustained business growth and profits. Without
understanding your customer’s needs and expectations, you can’t effectively
and sustainably increase ROI.

First Law: The Law of Flexibility

The Law of Flexibility states that the speed or velocity of any process is
correlated to its ability to adapt to changing requirements. So if you want to
deliver fast, you need to decrease the time it takes for your process to
changeover from one specification to another. Any time that is spent on
changeover is essentially lost or unproductive time. Building a process that is
agile and flexible will allow businesses to meet delivery requirements and
expectations despite changing demands. This is especially crucial for complex
businesses that offer various product and service options.

Second Law: The Law of Focus

The Law of Focus takes its cue from the Pareto Principle. This law states that
80% of the delays experienced in any business process are caused by 20% of
the process activities. To increase gains from any process improvement
initiative, businesses must focus on improving and optimizing those 20%
activities. During your Lean Six Sigma project implementation, you’ll get to
recognize these 20% activities are mostly non-value adding. Eliminating or

reducing the time spent on non-value adding activities will allow your
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business to focus its resources on value-adding activities. This results in higher
levels of cost-efficiency.

Third Law: The Law of Velocity

Also known as Little’s Law, the Law of Velocity states that the speed of a
process is inversely related to the amount of Work-In-Progress (WIP) items at

any given time.

Number of WIP Items
Average Completion Rate

Lead Time =

Our metric for speed, in this case, is the lead time, which is the amount of time
it takes for a product or service to be completed from the time the customer
request is triggered. Average Completion Rate is the number of work items
that get finished within a given period.

Using this formula we know that the more WIP items in your process, the
slower it gets. By limiting the number of WIP items in your system, you can
lower your lead time and deliver faster to customers. Kanban, one of the
pillars of the Toyota Production System, complements this law. One of its key
properties is to limit work-in-progress to avoid tasks from accumulating at any
point in the process.

Fourth Law: The Law of Complexity and Cost

In Lean Six Sigma terms, process complexity can be described by the different
types of products, services, variations, parts, options, or features that your
processes handle. While some complexity or variation is beneficial as this
provides options to customers and can cater to varying preferences, too much
complexity can only become costly for businesses. The Law of Complexity
and Cost push businesses to find the balance in terms of process complexity,
cost, and speed.

Enforcing the Laws of Lean Six Sigma

Strict implementation of Lean Six Sigma is governed by these five laws. This
will ensure a successful implementation and a sustainable process that can

support continuous business growth. While implementing Lean Six Sigma
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requires significant effort and resources, proper implementation is definitely
beneficial for businesses. As businesses optimize their processes, cost
decreases, quality increases, delivery becomes faster, and customer
satisfaction skyrockets. Truly, Lean Six Sigma is one powerful process

improvement tool that companies should not miss.

2.5 Key elements of LSS

LSS gives you the best of both worlds to achieve better quality while getting
rid of any kind of waste. The 5 principles that guide this implementation of
Lean Six Sigma are as follows:

Focus on the Customer

The foundation of Lean Six Sigma is the outlook of the customer. All
organizations must aim to constantly focus on the demands and needs of the
customer. Before making any changes to the process, it is essential to
understand the reason for doing it and the customer should always be at the
center of the reason.

Identify Key Challenges and Zero In

Effectively defining the problem is essential to the LSS Framework. To better
tune the process to optimal standard, it is important to focus on the problems
that hinder the productivity of the process. This involves reviewing data to
identify root causes of problems and prioritizing them according to their
importance. It is also essential to not lose sight of the initial challenges while
applying any change in the processes.

Defect Reduction and Simplify Workflows

Upon recognizing the problem, you need to adapt the tools and methodologies
that help remove these defects and variations to the process. The goal of Six
Sigma and Lean is to ensure an error-free process by defect reduction. Both
focus on removing variability and waste while seeking near perfection in

processes.
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To support these strategies, organizations must use the best methods powered
by Lean Six Sigma Principles. This helps remove any dispensable and
redundant steps and achieve the most standardized level of those processes.
Institutionalize the Principles
The central theory of the Lean Six Sigma principle is optimizing all the
processes. For that, all project teams in the organization need to be proficient
in LSS, know the objectives of the projects, and be aware of the developments
happening. For this, organizations must train all parties contributing to the
process. Employees who are competent with the LSS principles can better
support the improvement initiatives of the business.
Adapt Swiftly
Change and Lean Six Sigma go hand in hand. It is essential to adapt promptly
when an error or variation is identified to improve and establish consistency in
the process. LSS aims to eliminate ineffective methods to achieve flow and
make business practices error-free.

Enforcing change at a swift pace ensures steady improvement that results in
saving time and other resources.
How to apply Lean Six Sigma Principles?
The LSS Principles are useful and meant to work in several sectors to resolve
organizational and process challenges, customer relations, ROI, and way of
working. Drawing from McGraw Hill’s book on Lean Six Sigma, the
implementation process consists of three phases — setting the goal for the
quality initiative, post-strategy alignment & awareness of everyone involved,
and culture “rollout”.
Set The Goal
The first phase is to tune the LSS with the specific quality goal considered for
improvement This step includes determining a target area and establishing the
required organizational structure. A crucial milestone at this stage is to define
a clear plan for the quality program.

The approach should include:
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e Well-defined aims and objectives.

e Resources required to carry out the plan.

e A defined timeline for sustaining efforts.

e Success metrics to measure the effectiveness of the initiative.

e Atalent pipeline ensures effective training and project execution.

e Focus on topics that will produce both rapid results and address
ongoing business difficulties.

End-to-end Alignment

e In this phase, you train the leaders of the initiative, establish metrics,
and identify key projects.

e It is important to raise awareness of the initiative throughout the
organization. It includes developing a communication strategy, training
employees, and sharing the vision for the same.

e Engaging key stakeholders and developing a change management
strategy is also necessary for reducing all kinds of risks.

The Key Actions include —

e Quick wins to build momentum.

e Building teams to guarantee broad involvement and significant results.

e Training employees at all levels.

e Appreciating and rewarding success to highlight the significance of the
initiative.

e Promoting Six Sigma Green Belts and Black Belts who have produced
tangible results.

Culture “Rollout” of the Lean Six Sigma Principles

The final phase of implementing LSS involves the adoption of the principles
in the company’s culture. By this stage, staff are fully trained, and metrics are
in place to guide decision-making. The challenge now is to ensure the

organization has the necessary tools and resources for continued success.

72


https://prothoughts.co.in/course/six-sigma-green-belt/

2.6 Initiation

Initiation in Lean Six Sigma typically refers to the "Define" phase of the
core DMAIC methodology, which is the structured, data-driven framework for
process improvement. It involves setting the foundation for the entire project.
The Initiation (Define) Phase

The primary objective of this initial phase is to clearly define the problem,
project goals, and customer requirements to ensure alignment with business
priorities. Key activities include:

Develop a Project Charter: This formal document outlines the project scope,
objectives, timeline, potential financial impact, and assigned team members
and their roles (e.g., Green Belt, Black Belt, Champion).

Define the Problem and Goal Statements: Clearly articulate the specific
problem that needs fixing and the measurable, time-bound goals for
improvement (e.g., "reduce order late percentage from 10% to 5%").

Identify Customers and Their Requirements: Determine who the internal and
external customers of the process are and what their needs and expectations
are (Voice of the Customer). These requirements are then translated into
measurable terms.

Map the Process: Create a high-level visual representation of the current
process, often using a SIPOC (Suppliers, Inputs, Process, Outputs, Customers)
diagram, to understand the overall flow and identify areas for a more detailed
deep dive later.

Select the Project: Ensure the chosen project has a high potential for impact
and is manageable, aligning with the organization's strategic goals and
potential for measurable improvement.

Overall Implementation Approach

Beyond the individual project level, initiating Lean Six Sigma across an entire
organization involves a strategic approach:

Leadership Commitment: Secure active support, participation, and leadership

from top management to provide necessary resources and guide the initiative.
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Strategic Planning: Align the Lean Six Sigma initiative with the organization's
mission, values, and strategic goals.

Infrastructure Development: Designate and train personnel in various "belts"
(Yellow, Green, Black, Master Black) to lead and support projects.

Culture Change: Foster a culture of continuous improvement, open dialogue,
data-driven decision-making, and responsibility among all employees.

By focusing on these initial steps, organizations can effectively launch Lean
Six Sigma projects that target waste reduction (Lean principles) and variation
elimination (Six Sigma principles), leading to improved quality, reduced costs,

and enhanced customer satisfaction.

2.7 Top management commitment

A Lean Six Sigma culture is not solely the responsibility of process
improvement teams; it’s a commitment that starts at the top. Leadership plays
a pivotal role in shaping an organizational culture that embraces Lean Six
Sigma principles. In this blog post, we’ll explore the critical role of leadership
in cultivating a culture of continuous improvement and how their actions can
influence the success of Lean Six Sigma initiatives.

Setting the Vision: Leadership is the compass guiding organizations toward a
Lean Six Sigma culture, where continuous improvement becomes a collective
commitment and a path to operational excellence. Effective leaders are
visionaries who understand the importance of Lean Six Sigma in achieving
organizational goals. They set a clear vision for process improvement,
emphasizing its significance in delivering value to customers, reducing waste,
and enhancing operational efficiency.

Commitment to Change: Leaders must not only endorse Lean Six Sigma but
also demonstrate a steadfast commitment to change. They lead by example,
participating actively in improvement projects and reinforcing the message

that continuous improvement is a collective responsibility.
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Providing Resources: Lean Six Sigma requires resources, including time,
training, and support. Leaders allocate the necessary resources to ensure that
teams have the tools and knowledge required to drive improvements
effectively.
Removing Barriers: Leadership involves identifying and removing barriers
that hinder the progress of Lean Six Sigma initiatives. This may include
addressing resistance to change, streamlining decision-making processes, and
fostering a culture of open communication.
Encouraging Employee Involvement: Leaders understand that employees
are the backbone of Lean Six Sigma. They encourage and empower employees
to actively participate in improvement efforts, valuing their insights and
contributions.
Celebrating Successes: Leaders celebrate the successes achieved through
Lean Six Sigma. Recognizing and rewarding teams for their efforts and results
reinforces the culture of continuous improvement.
Embracing a Learning Mindset: Leaders foster a learning mindset within
the organization, encouraging experimentation and risk-taking. They
understand that failures can be valuable opportunities for learning and growth.
Monitoring Progress: Leaders regularly monitor the progress of Lean Six
Sigma initiatives. They review key performance indicators (KPIs) and use data
to assess the impact of improvement projects.
Sustaining the Culture: Creating a Lean Six Sigma culture is not a one-time
effort but an ongoing commitment. Leaders ensure that the culture is sustained
by embedding Lean Six Sigma principles into the organization’s DNA.
Continuous Improvement of Leadership Skills: Leaders recognize the need
to continuously improve their own leadership skills. They seek training and
mentorship to enhance their ability to guide Lean Six Sigma efforts
effectively.

Leadership is the linchpin of a successful Lean Six Sigma culture. Effective

leaders set the tone, provide resources, and champion the principles of

75



continuous improvement. They understand that Lean Six Sigma is not just a
methodology but a way of thinking and working that can lead to enhanced
performance, satisfied customers, and sustainable growth.

As organizations embrace Lean Six Sigma, it is imperative for leaders to
lead the way, embodying the principles of continuous improvement in their
actions and decisions. When leadership and Lean Six Sigma align, the result is
a culture that thrives on innovation, efficiency, and a commitment to

delivering exceptional value to both customers and stakeholders.

2.8 Infrastructure and deployment planning

Infrastructure and  deployment planning in Lean Six Sigma
involves establishing a supportive structure and creating a detailed plan to
align projects with business goals and manage the implementation process.
This includes securing executive sponsorship, defining a clear deployment
plan, selecting and training project leaders (Champions and Belts), and
identifying and prioritizing projects that will improve key performance metrics
like cost, quality, and customer service.

Infrastructure planning

Establish a strong network: Create a clear network connecting the executive
team, Champions, Belts, and different business functions.

Secure executive sponsorship: Ensure senior leadership is committed to the
deployment, as their role is crucial for driving strategic initiatives and
providing resources.

Define the structure: Appoint a Six Sigma deployment leader who reports to
top management to oversee the initiative.

Train leadership: Provide leadership with training on how to lead team-based
organizations and strategically deploy resources to ensure project execution is
smooth.

Integrate into corporate culture: Plan to integrate Lean Six Sigma into the

existing business systems and corporate culture for long-term success.
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Deployment planning

A Lean Six Sigma deployment strategy is one of the most exciting and
daunting process initiatives that an organization can ever undertake. Well-
planned Six Sigma initiatives can help reenergize an organization and achieve
breakthrough results. A poorly executed Six Sigma implementation can
demoralize key stakeholders in the organization.

Six Sigma is used by many of the largest companies around the globe. Six
Sigma is more than just a methodology for process improvement. A well-
planned Six Sigma implementation can have a huge impact on an
organization. Six Sigma deployment errors result in a complete failure of
deployment efforts and a waste of resources and time.

The Key Components of a Six Sigma Deployment

1. Planning and Strategy

A Lean Six Sigma deployment strategy that is well-planned will help align the
program’s goals with the organization’s mission and vision. A sound Six
Sigma plan and strategy will also enable the creation and implementation of a
deployment and infrastructure plan for Six Sigma, as well as a management
oversight mechanism and course correction if necessary.

Here are some of the main benefits that come from a well-planned strategy:

e Senior management involvement and support.

e Tailoring Six Sigma initiatives to organizational goals and objectives.

e ldentification of actions needed to achieve both short-term benefits and

long-term Six Sigma.

e Create a structured method to facilitate organizational transformation.

e Management of Six Sigma initiatives that are effective and efficient.
Training and Development: Training and development helps the
organization educate its associates about the Six Sigma philosophy, and
improves the Six Sigma DNA in the organization. Six Sigma is an attitude that

requires constant nurturing and support in order to maintain the enthusiasm for
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implementing this way of living within the organization. The application of
Six Sigma is also enhanced by learning and development.
Here are some of the main benefits that Six Sigma-centric measures can bring
to your learning and development:

e Six Sigma knowledge is deepened.

e Leadership teams are more aware of Six Sigma.

e Create a culture of learning within your organization.

e The workforce has improved their analytical and comprehension skills.
2. Assessment and Selection of Projects
The assessment and selection of projects are two of the key components of any
Six Sigma program. These activities are used to identify and prioritize the Six
Sigma project based on the organization’s short- and long-term goals. The
wrong project can be disastrous and cause the Six Sigma program to fail. The
project assessment and selection process should ensure that selected Six Sigma
projects are aligned with the business, financial, customers, and process
improvement goals.
Below are the key benefits of a project assessment and selection that is
accurate:

e Ascertain that the correct projects are chosen according to

organizational needs.

e Close the project successfully.

e Six Sigma Projects can be progressed more efficiently.

e Assures increased support from key stakeholders
Project execution and coaching support: Project implementation and
coaching support provide the necessary support for Green Belts and Black
Belts to execute Six Sigma projects, and enable the organization to implement
process improvement projects that are of strategic importance. The review of
Six Sigma deliverables and signing off on project tollgates are key activities.
Also, the organization must achieve breakthrough improvements in its core

business processes. Coaching support is a critical component of a Six Sigma
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program. It helps to achieve a timely closure and implementation of the Six
Sigma projects. Project delays are a common problem in many Six Sigma
programs. Effective coaching support can help overcome these hindrances
during the Six Sigma project cycle.
Below are the key benefits of coaching and project execution.

e Ability to better assess the voices of customers, businesses, and

processes.

e Motivated the workforce and improved project closure rates.

e Process improvements can be achieved by reducing cycle times.

e Best-in-class processes can be achieved.

e Improvements in tracking, monitoring, and reporting Six Sigma

progress within the organization.

e Information is easily accessible.

e Knowledge management is a powerful tool.

e Reuse of best practices within the organization.
3. Management of Information
The management of information provides a framework for project governance,
report generation, timely dissemination, and management. Tracking,
monitoring, and reporting Lean Six Sigma deployment strategy progress is a
key activity. Facilitating review meetings between Six Sigma program
champions and senior executives to track progress and knowledge
management are also important. Information management  allows
organizations to get real-time information on the Six Sigma initiative. It also
helps them incorporate mid-course corrections into the Six Sigma deployment
process and strategy. Information management is often overlooked by many
organizations, and they struggle to keep track of the overall Six Sigma
deployment.
Below are the key benefits of Information Management:

e Improvements in tracking, monitoring, and reporting Six Sigma

progress within the organization.
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e Information is easily accessible.

e Knowledge management is a powerful tool.

e Reuse of best practices within the organization.
4. Digitalization and Enablers
Digitalization and enablers refer to the digitization and automation of Six
Sigma processes, products, and groups in order to facilitate an efficient and
smooth Six Sigma implementation within the organization. Classroom training
can be prohibitively expensive and cause logistical problems, especially in
large companies. The problem becomes even more serious when it comes to
global organizations. Online access to Six Sigma can be a great way to train
people on a large scale and provide a simple tracking system for the
program. Six Sigma portals are a cost-effective way to disseminate
information and knowledge. Digitization helps to track the progress of Six
Sigma Projects in real time and ensures timely corrective actions. Process
mapping and data analytics tools can help Green Belts and Black Belts acquire
new skills, and facilitate the closure of projects.
Below is a list of the key benefits and enablers of digitalization.

e The deployment speed is improved.

e Reduces the cost of certification and training.

e The learning experience for users is improved.

e Six Sigma Projects can be tracked and monitored better.

THE KEY COMPONENTS OF A
SIX SIGMA DEPLOYMENT

Management of

Planning and Strategy Information

SIX SIGMA

DEPLOYMENT

Assessment and ) Digitalization and
Selection of Projects Enablers

Figure 2.1
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5 Common Six Sigma Deployment Mistakes & Solutions

1. Leaders are indifferent

Leadership should provide a holistic approach to Six Sigma within an
organization. The leadership’s commitment and support will be a
major factor in the success of Six Sigma. Even at smaller gatherings, such as
meetings, forums, and discussions, senior leadership should emphasize the
importance of Six Sigma. Leadership should support this initiative in a
unanimous manner. Not only should senior leadership support it, but so should
leaders at all levels of the organization. No amount of effort, resources or good
intentions can help you if there is not sustained leadership support.

Solution: It is important to maintain the unity of the leadership throughout the
Six Sigma journey. Senior management must continually emphasize the
importance of Six Sigma and its connection to the business strategy. It is
important that Six Sigma be an agenda for every event.

2. Incorrect Six Sigma Deployment Strategy

Six Sigma is supported by an organization when it has a proper Six Sigma
implementation strategy. When Six Sigma is not deployed correctly, it can
lead to confusion and delays in the deployment of Six Sigma within an
organization.

Solution: Six Sigma implementation strategies must align with the enterprise’s
business objectives to avoid this error. It is important to develop a holistic
strategy that includes planning, learning, development, project management,
information management, and more. The teams must evaluate each strategy
and determine the impact on the business.

3. Six Sigma Certification and Training: Too much stress?

For any successful deployment of a framework/methodology, training and
certification of the workforce are crucial, as it builds competency within the
organization. But enterprises often overdo this and do not support the actual
execution of projects. Without proper coaching and mentoring after their

training, regardless of how many Green Belts or Black Belts are in an
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organization, critical business projects will be delayed, or selected projects
may just be extended to meet certification targets.

Solution: Six Sigma deployers should be more focused on the business
objectives of the organization and lay the foundation for Six Sigma project
selection, along with the proper mentoring that will bring tangible benefits to
an organization. Senior management must review the business results and
Lean Six Sigma deployment strategies, such as certification and training
process, to ensure success.

4. Selecting the wrong project

When an inappropriate/incorrect project is selected to deploy Six Sigma, to
begin with, it will lead to projects that lack sufficient data and focus or
projects that are completely outside the control of Green Belts and Black
Belts. This type of project selection leads to projects being delayed or
scrapped completely, and key personnel losing faith in Six Sigma.

Solution: Teams involved in Lean Six Sigma deployment strategy process
must ensure that the projects selected are data-driven, and are based on
financial, business, and customer goals. These goals should be prioritized to
meet them. Deployment Teams should hold regular workshops in order to
identify the best project. They should also ensure that all projects have a
project sponsor, who will be responsible for tracking the business
benefits. The organization should monitor closely the progress of the Six
Sigma project and adjust it if the business goals aren’t being met.

5. When you don’t segregate the effort

Six Sigma is a tool that can be used by all employees in an organization to
improve the growth of their company. Often, however, the deployment teams
do not communicate to key stakeholders what benefits Six Sigma brings. It is
they alone who set formal goals for Six Sigma results, leaving a significant
gap within an organization.

Solution: Deployment Teams should connect the organization’s goals with Six

Sigma goals and personal goals to show the rest of their workforce how they
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are all related. This will help to gain support from other associates outside the
deployment teams as well as senior management. Management should
showcase deployment results regularly and explain how they can help their
career. Deployment teams should also create a Six Sigma Road Map for the
entire company to ensure that Six Sigma is fully integrated into the culture of
the organization.

2.9 Process focus
Lean Six Sigma aims to maximize efficiency and quality by focusing on two
fundamental goals in process improvement:
e Eliminating Waste: Lean principles identify and remove non-value-
added activities, helping organizations improve speed and reduce costs.
e Reducing Variation: Six Sigma techniques use statistical methods to
minimize process variability, ensuring a consistent and high-quality
output.
These goals work in harmony to create leaner, more efficient, and higher-
quality processes that meet customer needs effectively.
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The success of Lean Six Sigma in process improvement lies in its structured
approach and adherence to five core principles:

Customer-Centric Focus: Processes should add value from the customer’s
perspective. This focus on value ensures that every step in a process serves a
purpose directly or indirectly tied to customer satisfaction.

Identification and Removal of Waste: Lean identifies seven types of waste—
overproduction, waiting, transportation, excess inventory, unnecessary motion,
over-processing, and defects. Reducing these wastes leads to faster processes
with fewer delays.

Variation Reduction: Six Sigma seeks to reduce inconsistencies in processes
by controlling variation, leading to predictable, high-quality outputs. Reducing
variation helps processes run smoothly, with less rework and fewer mistakes.
Employee Empowerment: Lean Six Sigma encourages employees at all levels
to identify inefficiencies and suggest improvements. Involving the people who
work with processes daily often reveals hidden opportunities for improvement.
Continuous Improvement: Lean Six Sigma encourages an ongoing culture of
improvement. Regular, incremental changes rather than radical shifts help
maintain momentum and make improvements sustainable.

Lean Six Sigma Tools for Process Improvement
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Lean Six Sigma offers various tools specifically designed to aid in process
improvement. Each tool targets a specific aspect of a process to improve
efficiency, quality, or both.

DMAIC Framework

The DMAIC (Define, Measure, Analyze, Improve, Control) framework is the
backbone of Six Sigma and serves as a structured, step-by-step approach for
improving processes:

Define: Clearly define the problem, objectives, and project goals. This phase
establishes project boundaries and aligns the team with customer needs.
Measure: Collect data on current process performance to establish a baseline.
Precise data helps identify bottlenecks and quantify inefficiencies.

Analyze: Identify the root cause of process inefficiencies. This step involves
using data-driven tools, such as cause-and-effect analysis, to understand why a
process isn’t meeting objectives.

Improve: Implement solutions to eliminate root causes, focusing on creating
streamlined, waste-free processes.

Control: Establish monitoring practices to sustain improvements over time,
ensuring that processes remain optimized and efficient.

5S for Workplace Organization

5S (Sort, Set in order, Shine, Standardize, and Sustain) is a Lean tool that
enhances workplace organization:

Sort: Remove unnecessary items from the workspace.

Set in order: Arrange tools and materials for easy access.

Shine: Keep the work area clean and functional.

Standardize: Establish standard procedures for organization.

Sustain: Ensure that these practices become habitual.

It helps to create a streamlined environment, reducing waste related to motion

and searching for items, ultimately contributing to process efficiency.
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Value Stream Mapping (VSM)

Value Stream Mapping visualizes each step in a process, making it easier to
spot and eliminate waste. VSM identifies the flow of materials and
information needed to bring a product or service from start to finish, providing
a bird’s-eye view of the entire process and pinpointing areas where delays or
redundancies occur.

Root Cause Analysis (RCA)

RCA is critical for identifying the true cause of process problems, often using
methods such as the5 Whys and Fishbone Diagram (Ishikawa Diagram).
Understanding root causes prevents addressing only symptoms and enables
sustainable improvements.

Kaizen for Continuous Improvement

Kaizen promotes a culture of continuous improvement through small,
incremental changes. Rather than aiming for large, disruptive shifts, Kaizen
encourages consistent, manageable improvements that collectively result in
significant process enhancements.

Steps for Implementing Lean Six Sigma in Process Improvement

A structured approach to implementing Lean Six Sigma is essential to
achieving meaningful process improvements. Here are key steps to ensure
successful implementation:

Set Clear Objectives: Define what the improvement project aims to achieve in
terms of process speed, cost reduction, quality, or customer satisfaction.
Assemble a Skilled Team: Include team members who understand the process
and the tools of Lean Six Sigma. Typically, a team consists of Green Belts or
Black Belts with Lean Six Sigma expertise.

Apply the DMAIC Methodology: Use the DMAIC framework to guide the
project. Each phase should be well-defined and executed with the appropriate
tools to ensure the project stays focused and efficient.

Implement Solutions: Implement changes in a controlled environment,

monitor their impact, and adjust as needed to achieve desired results.
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Establish Controls: Develop metrics and monitoring systems to ensure
improvements are maintained over time, preventing backsliding and
reinforcing new standards.

Encourage a Culture of Continuous Improvement: Promote an environment
where employees at all levels can contribute ideas and improvements,
ensuring that the process remains efficient and effective.

Techniques Specific to Process Improvement

Process Mapping: Visual representation of the steps in a process to identify
waste and opportunities for improvement.

SIPOC Diagrams: Helps outline the process in terms of suppliers, inputs,
process, outputs, and customers, providing a high-level view.

Flowcharts: Detailed diagrams that illustrate each step in a process, aiding in
understanding the sequence and identifying bottlenecks.

Histogram: A graphical representation of data distributionto analyze
variations in process performance.

Control Charts: Used to monitor the process over time, helping identify trends
or deviations that require attention.

Failure Mode and Effects Analysis (FMEA): A systematic approach to
identifying potential failure points in a process and their impacts.
Industry-Specific Applications

Lean Six Sigma’s adaptability makes it useful across various industries, each
with specific applications tailored to industry requirements.

Manufacturing: Lean Six Sigma is widely used to streamline production lines,
reduce lead times, and improve product quality. By minimizing defects and
ensuring standardized processes, manufacturing companies can reduce costs
and improve delivery times.

Healthcare: In healthcare, Lean Six Sigma helps improve patient flow, reduce
wait times, and optimize resource allocation. For example, in hospitals, Lean
Six Sigma can streamline patient admissions and discharge processes,

improving overall patient care.
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Financial Services: Banks and financial institutions use Lean Six Sigma to
accelerate processes like loan approvals and payment processing, enhancing
customer experience and operational efficiency.

Retail: Lean Six Sigma is applied to inventory management, demand
forecasting, and supply chain optimization. By reducing stockouts and
improving logistics, retail companies can improve service quality and reduce
operational costs.

Information Technology: IT departments use Lean Six Sigma to streamline
software development, testing, and project management processes. Techniques
like error-proofing reduce bugs and improve project timelines, leading to more
reliable software delivery.
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Figure 2.4
Implementing Lean Six Sigma for process improvement brings significant
benefits:
Reduced Waste: By eliminating non-value-adding activities, organizations
reduce costs and improve efficiency.
Improved Quality: Lean Six Sigma reduces process variation, ensuring
consistent and high-quality outputs.
Enhanced Customer Satisfaction: Faster, more reliable processes lead to better
customer experiences and increased satisfaction.
Increased Profitability: Efficient processes with fewer defects and wastes lead

to reduced costs and higher profitability.
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Better Resource Utilization: Lean Six Sigma optimizes resources, ensuring
that time, labor, and materials are used effectively.

Challenges in Implementing Lean Six Sigma for Process Improvement
Lean Six Sigma implementation can encounter obstacles:

Resistance to Change: Employees may be hesitant to adopt new processes,
requiring clear communication and change management strategies.
Resource-Intensive Training: Effective Lean Six Sigma implementation
requires skilled practitioners, which involves significant training and
investment.

Sustaining Improvements: Maintaining momentum post-implementation can

be challenging, making ongoing monitoring essential.

2.10 Organizational Structures

Lean Six Sigma uses a hierarchical, "belted" structure that includes roles
like Champions, Master Black Belts, Black Belts, Green Belts, and Yellow
Belts, all working together to drive continuous improvement. This structure
requires a top-down commitment from executives to ensure the methodology
is implemented and aligned with the company's goals, with champions
overseeing deployment, project sponsors providing resources, and process

owners sustaining improvements.

Master Black Belts This slide is fully editable. Change it according to your requirements and catches
yourviewers consideration.

This siide is fully editable. Change it according to your requirements and catches
Black Belts your viewers consideration.
This siide is fully editable. Change it according to your requirements and catches
Green Belts yourviewers consideration.
This slide is fully editable. Change it according to your requirements and catches
frellow Belts your viewers consideration.

Figure 2.5
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Key roles in the structure

Champions: High-level leaders who support the program, align it with
company goals, and help remove roadblocks for project teams.

Master Black Belts: Experts who train and mentor Black Belts, lead
organizational deployment, and provide the overall vision for using Six Sigma.
Black Belts: Lead cross-functional projects, serve as project managers, and act
as mentors to Green Belts. They typically work full-time on quality initiatives.
Green Belts: Apply Six Sigma tools and techniques daily on projects within
their department, often working part-time on these initiatives.

Yellow Belts: Team members with a basic understanding who participate in
projects.

Process Owners: Individuals responsible for maintaining the improved
processes after a project is complete.

Subject Matter Experts (SMESs): Provide specialized expertise to project teams
as needed.

How the structure works

Top-down commitment: The structure relies on a top-down commitment from
senior leadership to successfully implement Lean Six Sigma.

Project sponsorship: Project sponsors, who are existing managers, authorize
Green and Black Belts to work on projects and provide resources.

Project execution: Black and Green Belts lead projects through
the DMAIC (Define, Measure, Analyze, Improve, Control) cycle, with Black
Belts taking on leadership roles and Green Belts working on specific tasks.
Sustaining improvements: Process owners are critical for ensuring that the
improvements made by the project teams are maintained long-term.
Continuous improvement culture: The structure fosters a culture of continuous
improvement where employees are encouraged to identify and solve problems

rather than blame others.

90


https://www.google.com/search?q=DMAIC&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.10664131j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfAsqjnpngp-EM3uhxSYYEZsenFzXOKtD_iNqnDkU1brvmM4ZOPJLlnNvVlfRQxjdz_gOlU00YmY3wx58UidwTMkLgKfQkVpMqx-UVdzA6XpKugOt5WstREDBcZHx_rWVIDgV_dMKJ1TuQQcbwwiHiqzJno-txFbi5souGhYcxoBJxfhBjyDR1O2ab_wHHUwUEIV&csui=3&ved=2ahUKEwjxiIrywZeRAxUhWHADHVVABwgQgK4QegQIBRAD

2.11 Rewards and Recognition

Rewards and recognition are crucial in Lean Six Sigma for creating a culture
of continuous improvement by acknowledging and appreciating employee
efforts and achievements, which can include both financial and non-financial
incentives. These programs can motivate employees, connect their work to
organizational values, and demonstrate that the company supports innovation
and problem-solving.

Why rewards and recognition are important

Reinforce continuous improvement: They act as a feedback mechanism,
reinforcing the behaviors and outcomes that lead to project success and a
culture of constant improvement.

Motivate employees: Recognizing and appreciating contributions makes
employees feel valued, which increases their engagement, satisfaction, and
commitment.

Align with company values: Recognition programs show employees what the
company values, such as quality, innovation, and customer satisfaction.
Improve employee retention: By fostering a sense of ownership and pride
through empowerment and recognition, companies can improve employee
satisfaction and reduce turnover.

Incentivize  innovation: By  rewarding innovation and  continuous
improvements (like Kaizen events), organizations encourage employees to
find new solutions and ideas.

Examples of rewards and recognition

Public praise: Acknowledging achievements in team meetings or departmental
gatherings.

Spot bonuses: Providing immediate financial rewards for exceptional
performance.

Personal thank-you notes: Leadership sending handwritten notes to

acknowledge specific contributions.
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Team celebrations: Organizing social events like lunches or dinners to mark
project completion.

Peer recognition: Enabling social visibility and peer-to-peer appreciation for
good ideas and projects.

Awards: Granting formal awards for achievements, innovation, leadership, or
business impact.

Non-cash rewards: Offering gift certificates or tickets to events.

2.12 Infrastructure tools

Infrastructure tools in Lean Six Sigma are the enablers for implementing the
philosophy, such as the people, processes, and systems that support projects
and continuous improvement. Key infrastructure tools include foundational
documents like the Project Charter and RACI Matrix, process visualization
and analysis tools such as Value Stream Mapping and Process Mapping, and
methods for organization and improvement like the 5S System and Kaizen.
These tools are used to structure, manage, and sustain improvement efforts.
Project definition and management tools

Project Charter: Defines the project's purpose, scope, and goals.

RACI Matrix: Clarifies roles and responsibilities (Responsible, Accountable,
Consulted, Informed) for project tasks.

Stakeholder Analysis: Identifies and analyzes stakeholders to understand their
needs and concerns.

Communication Plan: Outlines how and when project updates will be shared.
Process analysis and visualization tools

Value Stream Mapping: Visualizes the entire process to identify waste and
opportunities for improvement.

Process Mapping: Creates a visual representation of a process flow.

SIPOC Diagram: A high-level map showing Suppliers, Inputs, Process,

Outputs, and Customers.
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Cause and Effect Diagram (Fishbone Diagram): Systematically identifies
potential root causes of a problem.

5 Whys: A technique for asking "why" repeatedly to get to the root cause of an
ISsue.

Improvement and control tools

5S System: A methodology for workplace organization (Sort, Set in Order,
Shine, Standardize, Sustain).

Kaizen: A philosophy of continuous, incremental improvement.

Kanban System: A visual system for managing workflow and limiting work in
progress.

FMEA (Failure Modes and Effects Analysis): Identifies potential failure
points in a process to prevent defects before they occur.

Control Charts: Used to monitor process performance over time and

distinguish between common and special causes of variation.

2.13 Structure of Transforming Event and Launch Preparation

Lean transformation describes the strategic, operational, and tactical
improvements organizations implement to deliver more value to customers.
These changes usually require a fundamental paradigm shift from traditional
operational practices to a more customer-centric and value-driven approach.

There is no "one size fits all" approach to Lean leadership. Instead, your
journey will depend on the organization's current practices, your customers'
needs, and your ultimate purpose. There are, however, some transformation
steps that most Lean organizations have in common.

One common challenge is that top leadership doesn't approach the
transformation as aspirational. As a result, the team does not see the
conviction or understand the importance of this change in a way that
convinces them to actively engage in transforming. Success depends on

getting buy-in that results in extra energy.

93


https://www.google.com/search?q=Cause+and+Effect+Diagram+%28Fishbone+Diagram%29&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.11557753j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfCZzPRwxZ6NkXckqGUaXqZBg_c_KIgmyR7GAVd-Brf2wUwW4UedCGGRvq5X5YP8poGEKmU-E8VKry4WgkLIFx5UWLPl5zT4uqYYdbp6C4pE6apJuQUq4yj7Qz6aNI5odmgacxGxxlE7aARDHKxhFBaWIJmt0UV95YyJgOOv9q8-7D1Jo6vsNje-fkNQCN8xJMqHFWR7qXrOxMcYhT3-i8yBEJFDuxMxgyMm9vqGxsbbKg&csui=3&ved=2ahUKEwjtxZecxZeRAxXjoK8BHUoMBwgQgK4QegQIBRAH
https://www.google.com/search?q=5+Whys&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.11557753j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfCZzPRwxZ6NkXckqGUaXqZBg_c_KIgmyR7GAVd-Brf2wUwW4UedCGGRvq5X5YP8poGEKmU-E8VKry4WgkLIFx5UWLPl5zT4uqYYdbp6C4pE6apJuQUq4yj7Qz6aNI5odmgacxGxxlE7aARDHKxhFBaWIJmt0UV95YyJgOOv9q8-7D1Jo6vsNje-fkNQCN8xJMqHFWR7qXrOxMcYhT3-i8yBEJFDuxMxgyMm9vqGxsbbKg&csui=3&ved=2ahUKEwjtxZecxZeRAxXjoK8BHUoMBwgQgK4QegQIBRAJ
https://www.google.com/search?q=5S+System&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.11557753j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfCZzPRwxZ6NkXckqGUaXqZBg_c_KIgmyR7GAVd-Brf2wUwW4UedCGGRvq5X5YP8poGEKmU-E8VKry4WgkLIFx5UWLPl5zT4uqYYdbp6C4pE6apJuQUq4yj7Qz6aNI5odmgacxGxxlE7aARDHKxhFBaWIJmt0UV95YyJgOOv9q8-7D1Jo6vsNje-fkNQCN8xJMqHFWR7qXrOxMcYhT3-i8yBEJFDuxMxgyMm9vqGxsbbKg&csui=3&ved=2ahUKEwjtxZecxZeRAxXjoK8BHUoMBwgQgK4QegQICBAB
https://www.google.com/search?q=Kaizen&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.11557753j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfCZzPRwxZ6NkXckqGUaXqZBg_c_KIgmyR7GAVd-Brf2wUwW4UedCGGRvq5X5YP8poGEKmU-E8VKry4WgkLIFx5UWLPl5zT4uqYYdbp6C4pE6apJuQUq4yj7Qz6aNI5odmgacxGxxlE7aARDHKxhFBaWIJmt0UV95YyJgOOv9q8-7D1Jo6vsNje-fkNQCN8xJMqHFWR7qXrOxMcYhT3-i8yBEJFDuxMxgyMm9vqGxsbbKg&csui=3&ved=2ahUKEwjtxZecxZeRAxXjoK8BHUoMBwgQgK4QegQICBAD
https://www.google.com/search?q=Kanban+System&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.11557753j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfCZzPRwxZ6NkXckqGUaXqZBg_c_KIgmyR7GAVd-Brf2wUwW4UedCGGRvq5X5YP8poGEKmU-E8VKry4WgkLIFx5UWLPl5zT4uqYYdbp6C4pE6apJuQUq4yj7Qz6aNI5odmgacxGxxlE7aARDHKxhFBaWIJmt0UV95YyJgOOv9q8-7D1Jo6vsNje-fkNQCN8xJMqHFWR7qXrOxMcYhT3-i8yBEJFDuxMxgyMm9vqGxsbbKg&csui=3&ved=2ahUKEwjtxZecxZeRAxXjoK8BHUoMBwgQgK4QegQICBAF
https://www.google.com/search?q=FMEA&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.11557753j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfCZzPRwxZ6NkXckqGUaXqZBg_c_KIgmyR7GAVd-Brf2wUwW4UedCGGRvq5X5YP8poGEKmU-E8VKry4WgkLIFx5UWLPl5zT4uqYYdbp6C4pE6apJuQUq4yj7Qz6aNI5odmgacxGxxlE7aARDHKxhFBaWIJmt0UV95YyJgOOv9q8-7D1Jo6vsNje-fkNQCN8xJMqHFWR7qXrOxMcYhT3-i8yBEJFDuxMxgyMm9vqGxsbbKg&csui=3&ved=2ahUKEwjtxZecxZeRAxXjoK8BHUoMBwgQgK4QegQICBAH
https://www.google.com/search?q=Control+Charts&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.11557753j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfCZzPRwxZ6NkXckqGUaXqZBg_c_KIgmyR7GAVd-Brf2wUwW4UedCGGRvq5X5YP8poGEKmU-E8VKry4WgkLIFx5UWLPl5zT4uqYYdbp6C4pE6apJuQUq4yj7Qz6aNI5odmgacxGxxlE7aARDHKxhFBaWIJmt0UV95YyJgOOv9q8-7D1Jo6vsNje-fkNQCN8xJMqHFWR7qXrOxMcYhT3-i8yBEJFDuxMxgyMm9vqGxsbbKg&csui=3&ved=2ahUKEwjtxZecxZeRAxXjoK8BHUoMBwgQgK4QegQICBAJ

Another barrier is that the leadership team does not invest in building the skills
and space within the organization to bring Lean to life. It is essential to
understand that everyone has day-to-day tasks to complete and that without
intention, there is little room for positive change.

Finally, success requires that leaders implement the infrastructure and
support for Lean activities. Technology for managing Lean projects, regular
performance measurement, and constant feedback are crucial elements of a
Lean transformation.

Critical Lean Transformation Steps
Strategy Deployment (Hoshin Kani)
The first step of a Lean transformation is developing and deploying the
organization's purpose and strategy. The Japanese Lean term for this process
is Hoshin  Kanri, which means policy management. The organization
determines its ultimate vision during strategy deployment, or "True North." It
answers the question, "why do we exist." Once that is established, aligning
every person and process with the objectives necessary to obtain success is
possible. Strategy deployment consists of 8 steps:

e Establish the vision and analyze the current state

e Develop a handful of breakthrough goals that will take three to five

years to complete

e Set annual objectives

e Cascade goals down to the individual level

e Execute the annual objectives

e Perform monthly reviews

e Complete annual reviews
This approach to strategy management ensures that the strategic plan isn't just
a document that is filed away. Instead, executing the breakthrough objectives
becomes a daily concern for each individual. In addition, frequent reviews

mean leaders can act quickly if barriers arise or progress is impeded.
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Value Stream Mapping
The next step is digging deeper into the current state of every process to
ensure that value flows smoothly to the customer. Value Stream Mapping is a
technique for visualizing each step in creating the product or services
delivered.
Value stream mapping involves five steps:
Plan and prepare: Assemble the team members involved in the process. Define
the process to be mapped and the scope of the project. Set goals for
improvement.
Map the current state: Be sure to document the existing steps that are actually
happening, not what managers think should be happening. Include any delays
between process steps and the capacity of each step.
Analyze the current state: Look for opportunities to reduce waste or remove
friction from the process.
Draw a future state value stream map: Brainstorm ideas to create a new value
stream that reduces the number of steps, eliminates rework, or minimizes
delays between steps.
Work toward the future state: Overcoming the gap between the current state
and desired state may require several projects based on each opportunity for
improvement.
Standard Work
The definition of improvement is to make things better, but before you can do
that, you have to answer the question, "Better than what?" That's virtually
impossible to do if there is no standard way of performing each process and
task. The Lean concept of standard work is simply the documentation of the
current best practice for each operation. Work is always completed to the
standard until an improvement cycle results in a new one. To be effective
standard work must be:

e Developed by process operators

e Current
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e Available in the workspace

e Detailed with images or diagrams when needed
Implement Kanban
Kanban is a Lean technique for visual management to streamline the flow of
value. It helps uncover blockages or waste that impedes the progress of work
in progress from one step to another. The three principles of Kanban are:
Visualize workflow: Kanban was initially used by Toyota and involved the
use of cards to indicate inventory levels for parts on the factory floor. Today,
organizations leverage digital Kanban boards to track the flow of work of all
types, from software development to construction projects.
Focus on flow: Once the flow of work from one stage to the next is made
visual, it is easy for leaders and team members to react to obstacles and
eliminate the waste of waiting.
Limit work in progress: The Lean idea of "pull” goes hand in hand with the
flow. It means no work in progress is created until there is demand for it. The
work in progress is limited to what can be accomplished in a reasonable
amount of time.
Employee-Led Continuous Improvement
Now that the organization is aligned around a strategic vision, the value
stream is understood, standards are in place, and there is a method of
visualizing workflow, it is time for employees to engage in continuous
improvement.

In Lean organizations, employees are encouraged to submit opportunities for
improvement to a central platform that collects them and supports the related
projects. Remember that front-line employees are in the best position to
recognize and implement improvement opportunities. In a Lean organization,
continuous daily improvement is both a top-down and bottom-up endeavor.
When it is time to take action, the Lean methodology leverages a structure

improvement cycle called PDSA. The steps are:
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Plan: Define the scope of the project. Gather the current key performance
metrics. Set reasonable goals for the project. Determine who will be involved.
Brainstorm potential improvements.

Do: During this stage, the team will implement ideas for improvement to test
them. ldeally, changes will be contained and variables limited so that an
accurate assessment of the results is possible.

Study: Now, the results of the change are analyzed to see if improvement
occurred. It is also critical to understand if the positive change happened for
the reason the team expected.

Adjust: If the desired results were achieved, team members can update the
Standard work and provide new training to process operators. If not, the cycle
begins again with another hypothesis about what to change.

A successful Lean transformation is not a one-time event. Instead, it is a
reimagining of how work gets done from the C-suite to the front line. The
result is an organization that is constantly learning, taking advantage of all
available resources, engaged in effective problem-solving, and moving ever
closer toward its true north.

Examples of Profitable Lean Transformation

The principles of lean transformation are not just theoretical; they have been
proven time and again in the real world, delivering dramatic results for
companies across countless industries. These examples provide the tangible
proof needed to build a powerful business case.

The Classic: Toyota’s Manufacturing Revolution

No discussion of lean is complete without mentioning its origin: the Toyota
Production System (TPS). In the post-war era, Toyota faced immense resource
constraints and could not compete with the mass-production models of
American automakers.

In response, they engineered a revolutionary system focused on one thing:
eliminating waste to create a seamless, efficient flow of value to the customer.

This was the birth of the modern lean transformation.
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The Result: Instead of building cars in massive, inefficient batches, Toyota
created a system that could produce high-quality vehicles in a matter of days,
not weeks.

They reduced inventory, minimized defects to near-zero, and empowered
employees to continuously improve the process. This relentless focus on
efficiency didn’t just make them competitive; it made them a global leader and
set the standard for operational excellence worldwide.

Beyond the Factory: Lean in Financial Services
The power of the lean transformation method is its universal applicability. It is
just as effective in an office environment as it is on a factory floor.

Consider the case of a major bank that was struggling with its mortgage
application process. It was slow, riddled with errors, and frustrating for both
customers and employees.

By applying lean principles, the bank mapped out its entire value stream and
identified dozens of non-value-added steps: redundant data entry, unnecessary
handoffs between departments, and long wait times for approvals.

The Result: Through a focused lean transformation, they redesigned the entire
workflow. The outcome was staggering: the average time to process a loan
application dropped from 30 days to just 24 hours.

This not only slashed operational costs but also dramatically increased
customer satisfaction and boosted application volume, giving them a
significant competitive advantage. This proves that no matter the industry,
a lean approach can unlock hidden capacity and value. Many companies
striving for these kinds of breakthrough results find that the most effective

path is to partner with experts.

2.14 Case study presentations
A Lean Six Sigma case study presentation should outline the project's
problem, methodology (like DMAIC), data-driven analysis, implemented

solutions, and results. Key elements include project justification, scope,
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process mapping, root cause analysis, risk assessment, solution validation, and
final outcomes showing quantifiable improvements, such as cost savings or
increased efficiency. The presentation should clearly demonstrate how Lean
Six Sigma principles were applied to achieve business objectives.
Key components of a presentation
Project justification and scope:
e Explain why the project was necessary and its alignment with business
goals.
e Define the project's boundaries, including the specific process and
expected timeline.
Problem definition and analysis:
e Describe the current process, often with process maps, and present
baseline data showing the problem.
e Use tools to analyze data and identify root causes, such as statistical
analysis, brainstorming, or the Five Whys.
Solution development and implementation:
e Detail the solutions generated to address the root causes.
e Include a risk analysis for the chosen solutions and create an
implementation plan.
e Show how changes were applied to the process.
Results and control:
e Present the final results using metrics to show the project's success
(e.g., cost reduction, defect reduction, or increased efficiency).
e Explain the control plan put in place to sustain the improvements.
Examples of tools used:
Data analysis: Data collection, control charts, and statistical analysis.
Process improvement: Process mapping, brainstorming, and risk analysis.
Methodology: DMAIC (Define, Measure, Analyze, Improve, Control) is a

common framework.
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Example case studies

Call center efficiency: A case study on improving call center speed to answer
showed a reduction in customer downtime costs by using cross-training and
staffing changes.

Manufacturing defects: A case study on a foundry reported implementing
Lean Six Sigma practices to improve operational efficiency and reduce
defects.

Software development: A case study in software development used Lean
principles to streamline testing and debugging, helping a team complete a
project on time and within budget.
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UNIT 111
PROJECT SELECTION &
TEAM BUILDING

3.1 Resource and Project Selection
The Lean Six Sigma framework is designed to phase out problems and reduce
waste within the production process and inefficiency. It combines two of the
strongest business methods to achieve maximum benefits for the
organization; Lean principles (that focus on creating products and services
using only what the production process requires) and Six Sigma (a method that
focuses on increasing production efficiently and effectively).

In order to understand the value of selecting projects that is Lean Six Sigma
positive, the organization should introduce change in terms of;
Tools and Techniques — Maximising production through enhancing tools and
production techniques that eradicate the waste during the process
Process and Methodology - Equipping staff with production solving
techniques and understanding the root of problems and tackling them from the
ground up
Mindset and Culture — Editing ground-level processing capabilities to build a
strong foundation that centers around bettering the organization as a whole
Projects in Lean Six Sigma Belts
If you’ve started your training, you know you can achieve different Lean Six
Sigma belt levels, with Yellow Beltas a beginner, Green Beltas an
intermediate, and Black Belt as an advanced.
The project’s complexity will depend on the belt certification you’re aiming

for.
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Yellow Belt: As a Yellow Belt, you focus on getting familiar with processes
and Process Improvement. Start with a familiar process representing a
substantial portion of your work, and look for ways to improve it.
Green Belt: The problems you solve on a Green Belt project will be larger and
more complex. With your knowledge of DMAIC and the 8 Wastes, you can go
after specific problems that don’t have established root causes or solutions.
These problems can also be departmental, instead of relating only to your
workflow.
Black Belt: Black Belts operate as change agents, responsible for projects that
bring about widespread, positive transformation for their company. You’ll
want to go for a project that challenges you from a technical and leadership
standpoint.
Roles in Project Selection
When you embark on a new project, you’ll need the support and approval of a
few key individuals. These are as follows:
e Project Lead: A Green Belt or Black Belt who is responsible for the
success of the project.
e Sponsor/Project Champion: A person in a leadership position who
supports your project.
e Team Members: Individuals involved in the project applying the Lean
Six Sigma Process.
e Process Owner: The person in charge of the process you’re trying to
improve.
e Getting these individuals on your side before starting your project is
vital for success.
The Project Selection Criteria
Although projects vary widely in scope, the underlying criteria remain the

same. Here’s what to look for to choose a winning project.
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Identify Business Objectives

Outstanding LSS projects align with the organization’s broader business
goals—enhanced customer satisfaction, improved productivity, lowered costs,
or even all three!

Narrow your Project Selection ideas by asking yourself: what has the most
potential to improve business outcomes? For additional help, use our free
project selection tool and project selection guide.

Data-Driven Approach

Saying your project will improve customer satisfaction isn’t the same as
proving it. All Lean Six Sigma projects are firmly grounded in quantifiable
metrics. That’s how you prove the value of LSS implementation.

Before selecting a project, look at the readily available data, such as Voice
of the Customer market surveys, and so forth.

If you’re embarking on a Yellow Belt project, choose a problem where all
the metrics you need are in place, making it easy to kickstart the DMAIC
process. For Green and Black Belts, you may need to dig deeper to uncover
your baseline data.

Stakeholder Input

Stakeholders can either be blockers of change or champions of progress. To
make your project a success, you’ll need stakeholders to fall into the latter
category. Influencing people can be tricky, but our free Stakeholder
Analysis template equips you with a proven strategy.

The Stakeholder Analysis is about building empathy: understanding what
matters to them, any resistances they have, and how you can get them to care
about your project. Once you understand your stakeholders’ perspectives more
deeply, you can devise a strategy to build buy-in.

Project Feasibility Assessment
Imagine that your proposed project is a house design. You’re eager to get
building, but you need to check that it’s possible for your idea to come to life.

Do you have enough resources, funds, and time?
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The Project Feasibility Assessment is a data-driven analysis that helps you
understand whether or not it makes good business sense to go ahead with your
project. Common frameworks include the SWOT (Strengths, Weaknesses,
Opportunities, Threats) analysis, cost-benefit analysis, or technical feasibility
assessment.

Lean Six Sigma Project Types

Knowing what kind of Lean Six Sigma project you’re considering is essential.
There are 5 project types to choose from. If you’re looking to conduct a Green
Belt or Black Belt project, you should be working on a Process Improvement
Project.

Quick Win: Also known as “Just-Do-It” or Fast Track projects, Quick Wins
involve implementing a simple, low-cost solution for a known problem. These
projects are fast to plan and deploy because the root cause is established, and
the fix is easy.

Process Improvement: With these projects, the presenting problem has an
unknown root cause and undetermined solutions. You’ll use the DMAIC
Improvement Cycle to work through the problem and enhance the process.
Process Design: Focus is on developing a new process or service, rather than
improving it. This is also known as DFSS (Design for Six Sigma) or DMADV
(Define-Measure-Analyze-Design-Validate).

Process Redesign: Sometimes, entire processes are no longer fit for purpose,
meaning focusing on incremental improvements won’t do. When this happens,
process redesign projects are the way to go. Here, the team looks at
overhauling the holistic process.

Infrastructure Implementation: These projects, also known as Process
Management, involve meticulously monitoring established processes.
Parameters for Selecting Successful Lean Six Sigma Projects

The project selection within an organization is not only critical but difficult to
execute to consistent success. While being able to identify a host of

prospective opportunities is common, streamlining down to meaningful
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projects must include a well-defined framework. The benefits of undertaking a
successful lean six sigma project revolve around three key steps;
Having a Project Selection Committee
The feasibility study must be conducted by Lean Six Sigma trained and
certified employees. The team commonly referred to as “Six Sigma
Champions”, includes a manager, deployment champions, master black belts,
and black belts. These employees bring an abundance of knowledge and
adaptation abilities that allow them to carefully assess the value creation of
executing projects.
Generating Project Ideas
Conducting a similar analysis to the SWOT (Strengths, Weaknesses,
Opportunities, Threats) allows organizations to understand the practical
undertaking of the prospective project. In order to generate viable Lean Six
Sigma projects, businesses identify possible impacts on not only the
organization but employees, customers, and other stakeholders.
Project Champions flow through a series of questions recognizing the impact
on:
Defect Reduction:

e \Was the waste created during the production process?

e Were all produced items in line with the desired output specifications?

e In the production of higher volumes, what has to be reworked to

accommodate the output?

e Isthere any degree of variation in the output produced?
Cycle Time Reduction:

e Do any processes include multiple handovers between individuals to

be completed?
e Does the production process satisfy expectations?
e Does the production process entail employees working beyond

working hours?
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e Does the lag of mechanized elements significantly affect the
production process?
Resource Consumption Reduction:
e Does the production process include materials of varying qualities?
e How much labor is required to process parts of the production
process?
Through this questioning process, a “Lean Six Sigma Project Tile” can be
created. The tile includes a problem/need statement that defines the problem
and the outcomes specific to the problem created. Vague statements are
discouraged.

The current process impact is the second tile. It consists of quantifiable data
and statistics that outline the current process and the results of the same. The
third tile follows the Six Sigma Objective benefit. This tile explains the
objective of the product with reference to utilizing six sigma. The positive
outcomes of the organization are explained in detail.

Finally, the fourth tile covers deliverables and milestones. A timeline is
established covering in detail the time in months and the expected phases of
project completion. Key drivers to accomplish every phase are retailed in line
with effective project completion.

Assess and Prioritize Projects using a Project Selection Matrix

While conducting the internal project selection, all identified prospects are
reviewed together to determine the most seamless integration possibility and
possible benefits. Ongoing projects are simultaneously reassessed and in the
process ranked according to a selection matrix.

All projects are identified and numbered and ranked according to questions
listed within project characteristics e.g. the likelihood of a project being
completed within six months or whether a project would result in the
development of quality improvement. When all projects are ranked, an overall
pattern of success will reveal itself allowing for companies to decide their

trajectory.
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An assessment as to whether the project is also feasible to tackle utilizing
DMAIC (Define, Measure, Analyze, Improve, and Control) is additionally
conducted.

Value mapping is an important tool to understand how a business could
potentially operate with better processes internally and as a result build more
efficient results. At the end of the Lean Six Sigma assessment, companies are
able to segregate and prioritize. The clear path of implementation reduces
prospective risks and allows organizations to thrive when implemented
successfully.

Lean Six Sigma Positive projects have a 99.97% rate of success when
implemented correctly and thoroughly. Business organizations now have an
opportunity to put a granular understanding of their company through a
building process to create results that are not only desirable but also

sustainable.

3.2 Selection of Black belts

The selection of a Lean Six Sigma Black Belt involves a multi-step process of
acquiring the necessary skills through training and experience, demonstrating
leadership and process improvement capabilities, and meeting specific project
requirements. Candidates must often hold a Green Belt certification and
complete a minimum of two Six Sigma projects to be eligible for the Black
Belt designation. Key selection criteria focus on the ability to lead and mentor
teams, analyze and improve processes using statistical tools, and drive
significant business improvements.

Experience and qualifications

Prior certification: Typically requires a Green Belt certification. Some
organizations may have a separate process for those who are already certified
as a Green Belt.

Work experience: At least three years of full-time professional experience is

often required.
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Project completion: Must have completed a minimum of two Six Sigma
projects with verifiable documentation, such as signed affidavits.

Skills and knowledge

Leadership: A Black Belt must be a proven leader, capable of coaching and
training project teams, and able to influence change at a senior level.

Process improvement: Advanced knowledge of Lean Six Sigma
methodologies, especially the DMAIC (Define, Measure, Analyze, Improve,
Control) framework, is essential.

Statistical analysis: Must be proficient in using statistical tools like Minitab,
and capable of applying multivariate metrics, hypothesis testing, and Design
of Experiments (DOE).

Problem-solving: Must be able to identify and understand complex problems
and use data to develop fact-based solutions.

Roles and responsibilities

Project management: Manage more complex and demanding projects from
initiation to completion.

Coaching and mentoring: Act as a mentor or coach to Green and Yellow Belts,
providing guidance on projects and methodology.

Training: Often involved in training and developing other Six Sigma team
members within the organization.

Strategic leadership: In larger organizations, experienced Black Belts may
advance to become a Master Black Belt, taking on a strategic role that

involves coordinating Six Sigma efforts across the entire business.

3.3 Training of Black belts and Champions

Training for Lean Six Sigma Black Belts and Champions involves advanced
project leadership, strategic change management, and in-depth statistical
analysis, with Black Belts focusing on leading projects and mentoring Green
Belts, while Champions oversee strategic deployment and ensure sustained

results. Black Belt training builds on Green Belt knowledge with hands-on
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project experience, advanced tools, and leadership skills, while Champion
training emphasizes performance monitoring, accountability, and strategic
integration to drive enterprise-level transformation.

Black Belt training

Focus: Leading complex, cross-functional projects and mentoring Green Belts.
Skills: Advanced statistical analysis, project management, leadership, and
team dynamics.

Methodology: Hands-on experience is gained by completing a real-world
project, often under the guidance of a Master Black Belt or Champion.
Responsibilities: Project execution, decision-making, setting goals, and
ensuring deadlines are met.

Prerequisites: A Green Belt certification may be a prerequisite for some Black
Belt programs, and some programs require a completed project for
certification.

Champion training

Focus: Strategic leadership, change management, and the organization-wide
deployment of Lean Six Sigma to achieve business objectives.

Skills: Performance monitoring, accountability structures, and integrating Six
Sigma results into business performance reviews.

Methodology: Reviewing project progress, resolving issues, providing
guidance to project teams, and ensuring that improvements are sustained over
time.

Responsibilities: Leading enterprise-level deployment, mentoring Black Belts,
and driving cultural change to embed a systematic way of thinking across the

organization.

3.4 ldentification of potential projects
Improving the performance of a business strategy is integral for any
organization that deals in products or services. This blog revolves around

project identification and all the factors involved, in relation with the Lean Six
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Sigma methodologies. Six sigma is often used by organizations to understand
the demands of customers, statistical analysis, management and improvement
of their business process. The need of the hour is to improvise and improve
your process according to internal and external factors, both.

Project identification, as the name suggests means identifying potential
projects and then implementing Lean Six Sigma methodologies according to
the goals of your business. It mainly depends on two factors: Internal and
External. External factors denote the threats and opportunities to satisfy client
demands, responding to market trends or tracking the competitor’s activities.
Whereas, internal sources are related to the factors influencing the project,
within the organization. Such sources become the base of a project and can be
used to further select which project would comply with the Lean Six Sigma
methodologies. After project identification, selection of the appropriate project
that needs six sigma is the next step of the process flow.

Project Selection:

Six Sigma projects should positively impact Key Performance Indicators
related to areas of Customer, Financial, internal business presses,
knowledge/education & growth.

People get confused between other quality or process improvement
methodologies and Six Sigma but, it is very different from the others. It
demands results. The outcome is conveyed by projects that are tightly
connected to customer demands and business strategy. Over the years, Six
Sigma projects are combined together with project management and business
process improvement practices. This further helps in selecting the projects for
Lean Six Sigma. A project is a short-term endeavor accepted to create a
unique product, service or result.

Process Elements
The provisional nature of the project requires a fixed beginning and end. The
end is finalized when the project’s goals have been accomplished, when the

project is dismissed due to its objectives will not or cannot be met, or when the
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project is no longer needed. Most projects are taken to create a lasting
outcome.
The logical process flow as explained by Thomas Pyzdek is as follows,
e Define the project’s goals and deliverables.
e Define the current process.
e Analyze the measurement system.
e Measure the current process and analyze the data using exploratory and
descriptive statistical methods.
e Review the current process and correct any threats found.
e Use SPC to perform a process capability study.
e Recognize and correct special causes of variation.
e Apply statistically designed experiments to improve the current
process.
e Cultivate and implement an entirely new process that meets the
project’s goals using an Employ breakthrough strategy.
e Institute control and nonstop improvement systems and stop.
Process Benchmarking:
Process benchmarking is one of the most important factors of the Project
identification process. It is a method of comparing company’s internal
business processes and its performance measure with that industry’s best
practices.
Generally, they are related with quality, time and costs.
For example: Cost of Poor Quality (CoPQ), Defects, Cycle Time, Overall
Equipment Effectiveness (OEE), Productivity, and Cost per unit Cost.
For example, a manufacturing company having an Assembly unit benchmark
its OEE as 85% as it is Industry’s best practice.
Process Inputs and Outputs:
The inputs signify the flow of data and materials into the process. The

processing step includes all tasks required to effect a transformation of the
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inputs to an output. The results are the data and resources streaming out of the
transformation process.

Owners and Stakeholders:

A process owner is responsible for managing a process in a project. Their
responsibility includes continuous management and improvement of this
process. Understanding how a process interacts with the upstream and
downstream processes is what makes a Process Owner the most effective at
his job.

For example, a Sales Engineer is responsible for responding to new Request
for Quotation (RFQ) or Request for Proposal (RFP) by new customer. So he is
process owner of the business process of Sales. Stakeholders are those People
who are the end user of project or product or any service by which they are
getting benefitted. For example: The users of new ERP system are

stakeholders who are getting benefitted by that ERP.

3.5 Top Down (Balanced score card) and Bottom up Approach

The strategies organizations use to manage and make decisions can
significantly influence their success and adaptability. Among the most debated
strategies are the top-down and bottom-up approaches, each offering distinct
advantages and posing unique challenges. This article explores these two
management styles, delving into their characteristics, the environments in
which they thrive, and the outcomes they typically produce. Whether you're a
seasoned leader re-evaluating your organization's direction or a startup
entrepreneur deciding on your first management framework, understanding the
nuances of the top-down versus bottom-up approaches can equip you with the
knowledge to choose the best path for your team or business.

What Is a Top-Down Approach?

A top-down approach is a method or strategy of analysis, problem-solving, or
organization where the process begins at the highest conceptual level and

progresses to the details. This approach often contrasts with the bottom-up
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approach, which starts with the details and works upwards to form a
comprehensive view or solution. Here are some key aspects of the top-down
approach:

Overview First: The top-down approach starts with a broad overview or
general outline of the system, project, or problem. This includes defining main
objectives and goals before diving into specifics.

Breaking Down: After establishing a high-level perspective, the next step
involves breaking down the larger system or problem into smaller, more
manageable components or tasks. This division continues until the desired
level of detail is achieved.

Simplifies Complexity: This approach starts with a macro view, simplifying
complex systems or problems, making them easier to understand and manage
by showing how different parts relate to the whole.

Focus on Priorities: It allows managers or decision-makers to focus on key
priorities and strategic alignments from the outset, which can guide the
detailed work that follows.

Decision Making: In planning and decision-making, top-down approaches
align lower-level activities and decisions with the overarching goals or
policies decided at higher levels.

Benefits of a Top-Down Approach

Advantages of top-down management

. . Th. I/ d
e
Widespread Clearer Problems are Faster
familiarity communication easily located implementation

Figure 3.1
The top-down approach offers several benefits across different fields,
from project management to software development. Here are some of the key

advantages:
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Clear Vision and Direction: Starting from the top allows leaders to set clear
objectives and establish a vision for the entire project or organization. This
helps ensure that all efforts are aligned with the overarching goals, providing a
consistent direction that guides all subsequent actions and decisions.
Simplified Decision Making: The top-down approach simplifies decision-
making processes by focusing on the big picture and main priorities. It helps
filter out less relevant issues and concentrate resources on what truly matters,
improving efficiency and effectiveness.

Easier Management and Control: This approach facilitates management and
control as the hierarchy and roles are clearly defined from the outset. Higher-
level managers can more easily oversee and coordinate various parts of a
project or organization since each lower level's activities are designed to align
with top-level objectives.

Facilitates Planning and Allocation of Resources: With a comprehensive
view from the top, it becomes easier to plan and allocate resources effectively
across different parts of the organization or project. Leaders can assess needs
and distribute resources in a manner that supports the most critical aspects
first.

Improves Communication: A top-down approach can streamline
communication by clarifying what information needs to flow between
different levels of the organization. It ensures that all members are on the same
page and that important messages and strategies are communicated clearly and
directly from the top.

Quick Implementation: In some cases, especially where rapid decision-
making is critical, the top-down approach allows for quicker implementation
of policies and decisions since directives come from the top and move down
without requiring extensive consultations at every level.

Reduces Complexity: This approach can reduce complexity by breaking

down large projects or problems into smaller, more manageable parts after

114


https://www.simplilearn.com/how-to-improve-communication-skills-article

defining the main goals and structures. This simplifies understanding and
executing tasks.

Companies Using Top-Down Approach

The companies listed below are recognized for their structured hierarchy and
centralized decision-making processes, which are characteristic of the top-
down approach:

General Electric (GE): Historically known for its strong central leadership
and hierarchical structure.

IBM: A legacy company that has used a top-down approach to drive
innovation and maintain order across its global operations.

Toyota: While known for its bottom-up elements like the Toyota Production
System, Toyota's strategic decisions come from the top to ensure global
consistency and quality control.

Apple: Particularly under Steve Jobs, Apple was known for its top-down
approach to product design and decision-making.

McDonald's: Uses a top-down approach to maintain consistent service and
product quality worldwide.

Walmart: Employs a structured top-down management style to ensure
uniformity and efficiency across all its stores and operations.

Boeing: As a major manufacturer, Boeing uses a top-down approach to
manage its complex projects and products.

Goldman Sachs: In the financial industry, a top-down approach helps
maintain strict control over decision-making processes and aligns operations
with broader business strategies.

Lockheed Martin: This defense contractor uses a top-down approach to align
with governmental contracts and control project management.

ExxonMobil: In the oil and gas industry, centralized decision-making is

crucial for managing extensive resources and investments.
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Top-Down Approach Examples

The top-down approach can be applied in various fields and projects. Here are
some examples across different domains to illustrate how the top-down
approach works in practice:

Corporate Strategy Development

A multinational corporation like Coca-Cola formulates global strategic goals
at its headquarters. These strategies are then communicated to regional
managers, who adapt and implement these strategies at the local level to align
with local market conditions and opportunities.

Software Development

In software engineering, a top-down approach might involve defining the
software's architecture and high-level functionality before breaking these
down into modules and detailed coding tasks. For instance, a development
team at Microsoft might start by defining the overall functionality for a new
feature in Microsoft Office and then detailing the specific components and
tasks required to build that feature.

Government Policy Making

A government might use a top-down approach when implementing new
national policies. For example, introducing a new healthcare reform might
start with legislation at the national level, followed by directives issued to state
and local governments on how to implement the changes.

Event Planning

In planning a large event, such as the Olympics, the organizing committee first
sets the vision and key objectives. They then outline the major focus areas,
such as logistics, security, and marketing, before detailing the specific tasks
within each area.

Educational Program Design

A university might redesign its curriculum using a top-down approach. First,
the educational goals and outcomes for a department are defined. Then,

specific courses and content are developed to meet these predefined goals.
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Marketing Campaigns

A large retail company planning a national marketing campaign for a new
product launch would start by setting the overall campaign goals and key
messages at the corporate level. Then, specific marketing tactics, such as
social media ads, in-store promotions, and online marketing, would be
developed to support these goals.

Military Operations

Military strategies often begin with broad objectives determined by high-level
leadership. Based on these top-level strategies, detailed operational plans are
developed, specifying the tactics and resources needed for each operation
phase.

Financial Budgeting

In financial management, a company may use a top-down approach for
budgeting where top executives establish the overall budget limits based on
strategic objectives. Departmental budgets are then created within these top-
level constraints.

What Is a Bottom-Up Approach?

A bottom-up approach is a strategy used across various fields, including
management, software development, and project planning, where the process
begins at the most detailed and basic level and works upwards to form a
comprehensive picture or solution. This approach often contrasts with the top-
down approach, which starts at the highest conceptual level and progresses to
the details. Here are the key aspects of the bottom-up approach:
Detail-Oriented Start: The bottom-up approach starts at the grassroots level,
focusing on specific details, small components, or individual elements before
integrating them into a larger system or conclusion.

Incremental Development: This method involves building systems
incrementally, piece by piece, ensuring that each component works properly
before integrating it into the larger system. This helps identify and fix issues at

an early stage.
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Empowerment and Participation: The bottom-up approach encourages
participation and decision-making from the lower levels of the organization or
group. This can increase engagement, innovation, and morale as individuals
feel their contributions are valued.

Local Insights and Adaptability: The bottom-up approach starts at the
grassroots level and takes advantage of local knowledge and expertise. This
can be particularly beneficial in solving complex problems that require a
nuanced understanding of specific contexts.

Flexibility: This approach allows for more flexibility as changes can be made
more easily at the lower levels without needing extensive revisions to a top-
level plan.

Problem-Solving: In a bottom-up approach, problem-solving is often more
effective because it's done at the level where the problems occur, allowing for
more accurate and tailored solutions.

Benefits of a Bottom-Up Approach

Advantages of bottom-up management

More informed decisions Better team morale More room for creativity

Figure 3.2
The bottom-up approach offers several benefits, particularly when flexibility,
innovation, and detailed insight are crucial. Here are some key advantages of
using a bottom-up approach:
Enhanced Innovation: A bottom-up approach can foster greater innovation
by involving team members closest to the problems or tasks. These individuals

often have unique insights and creative ideas that can lead to novel solutions.
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Increased Employee Engagement: This approach empowers employees by
actively involving them in decision-making processes, which can boost
morale, increase job satisfaction, and reduce turnover. Employees are more
likely to be engaged when they feel their opinions are valued, and their
contributions can make a direct impact.

Greater Flexibility and Responsiveness: Starting from the ground allows
organizations to adapt more to changes and challenges. Since decisions are
made closer to the operational level, responses can be quicker and more
tailored to the specific context or issue.

Improved Problem-Solving: Problems are often identified and solved more
effectively when tackled by those who encounter them daily. The bottom-up
approach leverages individuals' hands-on experience to address issues
accurately and efficiently.

Detailed and Comprehensive Understanding: As the process starts at the
ground level, it naturally incorporates a deeper understanding of all aspects of
the project or problem, ensuring no detail is overlooked. This detailed scrutiny
helps in building a thorough and robust overall picture.

Democratization of the Workplace: It democratizes the workplace by
distributing decision-making authority. This can lead to a more inclusive work
culture where diverse perspectives are considered, leading to well-rounded
decisions.

Better Risk Management: With more individuals involved in the analysis
and decision-making process, risks can be identified early and managed more
effectively from various angles and perspectives.

Local Optimization: In a bottom-up approach, each component or part of a
project is optimized independently, leading to better performance and
efficiency at the local level positively impacting the overall outcome.
Companies Using Bottom-Up Approach

The bottom-up approach is particularly prevalent in industries and companies

emphasizing innovation, flexibility, and rapid adaptation to changing market
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conditions. Here are some examples of companies known for leveraging a
bottom-up approach:

Google: Known for encouraging its employees to work on projects that
interest them personally, Google's bottom-up approach has led to many
innovations and improvements to existing products.

Valve Corporation: This video game developer operates without a formal
management hierarchy, allowing employees to choose the projects they work
on and make decisions collectively.

W.L. Gore & Associates: The maker of Gore-Tex and other products, W.L.
Gore, operates with a famously flat organizational structure. Teams form
organically around projects rather than being assigned by top management.
Semco Partners: Under the leadership of Ricardo Semler, Semco radically
restructured its management approach to give a significant amount of
autonomy to its employees, influencing everything from their salaries to the
direction of the business.

Whole Foods (now part of Amazon): Before its acquisition by Amazon,
Whole Foods was known for allowing individual stores to decide what
products to stock based on local customer preferences and feedback.

Pixar: Known for its creative processes, Pixar encourages a collaborative and
inclusive approach where everyone can pitch ideas and provide project
feedback.

Spotify: Spotify utilizes a structure composed of small, autonomous "squads”
responsible for specific features or aspects of the business, allowing for agile
development processes and quick adaptation to user needs.

Zappos: Focused on delivering exceptional customer service, Zappos
empowers its representatives to make independent decisions to satisfy
customers without managerial approval.

Patagonia: This outdoor clothing and gear designer is committed to
environmental sustainability and involves employees at all levels in its

initiatives and product development strategies.
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Atlassian: The Australian enterprise software company uses a bottom-up
approach to foster innovation within its teams, allowing them to pursue
projects that they believe will benefit the company most.

Bottom-Up Approach Examples

The bottom-up approach can be highly effective in various contexts,
emphasizing grassroots involvement, detailed insights, and local
optimizations. Here are some examples illustrating how the bottom-up
approach is used across different fields:

Product Development in Tech Startups

A tech startup might use a bottom-up approach by allowing software
developers to create small, independent features or improvements based on
user feedback and analytics. These features are then integrated into the broader
product framework, enhancing user experience and product functionality.
Community-Led Urban Planning

Local government agencies may employ a bottom-up approach by engaging
community members in planning neighborhood improvements. Through
community meetings and feedback sessions, residents have direct input on
projects such as park placements, road improvements, and public service
enhancements, ensuring the plans reflect the actual needs and desires of the
community.

Research and Development (R&D)

In an R&D setting, such as at a biotech firm, scientists and researchers might
work independently or in small teams on specific experiments or studies based
on their areas of expertise. The results from these individual projects
contribute to the overall understanding of a larger research question, like
developing a new pharmaceutical drug.

Financial Services

A financial services firm might use a bottom-up approach in investment

management, where individual portfolio managers can make investment
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decisions based on their research and analysis of specific sectors or
companies. Their decisions contribute to the performance of the overall fund.
Environmental Conservation Initiatives

Non-governmental organizations (NGOs) working on environmental
conservation often use a bottom-up approach by involving local communities
in the conservation efforts. This could include training locals to monitor and
report on wildlife activity or involving them in reforestation projects, ensuring
that conservation efforts are tailored to the local ecology and community
needs.

Educational Curriculum Development

Teachers in a school district might collaborate to develop curriculum modules
based on their experiences and the specific needs of their students. These
modules are then integrated into the district’s overall curriculum, ensuring it is
comprehensive and meets the needs of all students.

Healthcare Public Health Campaigns

In public health, a bottom-up approach might involve local health workers in
designing and implementing health campaigns that are culturally appropriate
and relevant to the community's specific health challenges. This approach can
increase the effectiveness and acceptance of health initiatives.

Software Bug Fixes and Enhancements

A software company might employ a bottom-up approach by encouraging
developers to identify and fix bugs or enhancements based on user feedback.
These improvements are incorporated into the next software release cycle,
improving product quality.

Top Down vs Bottom Up Management: Key Differences

Here is a table that summarizes the major differences between top-down and

bottom-up management styles:
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Aspect

Decision
Making

Control

Communication

Innovation

Employee Role

Problem-
Solving

Feedback

Adaptability

Engagement

Top-Down Management

Decisions are made by higher-
level executives and passed
down.

A high degree of control from
the top; hierarchical structure.

Typically flows from the top
down.

Innovation may be more
structured and aligned with
organizational goals.

Roles and responsibilities are
clearly defined and structured.

Problems are generally solved
based on senior management's
directives.

Feedback tends to be less
frequent and more formal.

Changes are generally slower
and top-directed.

Employee engagement can be
lower due to less involvement in

decision-making.
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Bottom-Up Management

Decisions are made
collaboratively at all levels,
often initiated by frontline

employees.

Decentralized control;
encourages autonomy among
teams.

Typically flows more freely
among all levels.

Encourages grassroots
innovation, which can be more
experimental and diverse.

Employees often have flexible
roles with opportunities for
cross-functional involvement.

Problems are often solved
locally by employees closest to
the issue.

Feedback is continuous and
often informal, fostering rapid
adjustments.

Quick to adapt due to local
input and decision-making.

Higher employee engagement
due to active participation and
empowerment.



Choosing the Best Approach for Your Team or Business

Top Down vs Bottom Up - choosing one approach depends on your business
objectives, organizational culture, industry, and specific team dynamics.
Here’s how you can determine the best approach for your team or business:

1. Consider Your Business Objectives

Top-Down: A top-down approach may be more suitable if your objectives
require strict organizational compliance and uniformity or are safety-critical.
This approach ensures that decisions align closely with the overarching goals
set by the upper management.

Bottom-Up: If your objectives include fostering innovation, adapting quickly
to market changes, or developing tailored solutions, a bottom-up approach
might be better. It leverages the diverse ideas and expertise of employees at all
levels.

2. Assess Organizational Culture

Top-Down: This approach works well in organizations that value structure,
clear authority lines, and predictable outcomes. Traditional corporations,
governmental organizations, and military setups often benefit from it.
Bottom-up: This approach is ideal for organizations that value flexibility,
employee empowerment, and a collaborative work environment. Startups,
creative industries, and research institutions might find it more effective.

3. Evaluate Industry Requirements

Top-Down: This approach is essential in industries where regulations and
compliance are crucial, such as finance, healthcare, and manufacturing. It
helps maintain control and ensures that all parts of the organization comply
with external standards and internal policies.

Bottom-up: This approach is beneficial in dynamic industries such as
technology and marketing, where customer feedback and rapid innovation are

keys to success. It can quickly integrate new insights and adapt to changes.
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4. Analyze Team Dynamics and Size

Top-Down: More effective in larger organizations or teams where managing a
large number of employees systematically is crucial. It helps in maintaining
order and disseminating information efficiently.

Bottom-Up: Suitable for smaller teams or organizations where close
collaboration and quick decision-making are needed. It allows for greater
flexibility and faster response times.

5. Examine Decision-Making Preferences

Top-Down: If decision-making is to remain centralized with senior leaders
who have overarching knowledge and responsibility, this approach would be
preferable.

Bottom-Up: If decision-making should be more democratic and include inputs
from a wider range of stakeholders, consider adopting a bottom-up approach.
6. Look at the Need for Innovation vs. Control

Top-Down: Emphasizes control and a unified strategic direction, which can be
beneficial when clear guidance and compliance are necessary.

Bottom-Up: Drives innovation by utilizing all employees' creative and
intellectual capital, which can be more suited to environments where
innovation provides a competitive edge.

Consider Long-Term Strategic Goals

Align the choice of management approach with your long-term strategic goals.
If the goal is to scale and standardize operations, top-down might be
advantageous. Conversely, bottom-up could be more effective if the goal is to
disrupt the market or continuously innovate.

Decision Process

When choosing the best approach, consider a hybrid approach that combines
top-down and bottom-up elements. Many successful organizations find that a
balance of these approaches allows them to benefit from structured strategic

alignment while also capitalizing on their employees' innovative potential.
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This flexibility can be particularly valuable in rapidly changing industries or
during organizational change.

Conclusion

Whether you lean towards a top-down or bottom-up approach depends on your
organization's specific needs, the nature of the industry, and the culture you
want to cultivate. While the top-down approach offers clear direction and
control, ideal for organizations requiring strict compliance and uniformity, the
bottom-up approach excels in environments that demand flexibility, rapid
innovation, and employee empowerment. Understanding the strengths and
limitations of each management style can greatly enhance how effectively you
lead and manage your team.

3.6 Methods of selecting projects

Lean Six Sigma project selection involves identifying opportunities, defining
clear criteria, prioritizing the opportunities, and selecting the best
project based on factors like strategic alignment, financial viability, and
feasibility. Common methods include using performance data analysis, a cost-
benefit analysis, scoring models, and evaluating the project's impact
on critical-to-quality (CTQ) metrics.

1. Identify project opportunities

Gather potential project ideas from various sources, such as employee
suggestions, management, client complaints, legal requirements, and value
stream maps.

Analyze performance data to find areas for improvement. This could involve
looking at Cost of Poor Quality (COPQ), defects, cycle time, or productivity.
Use the Voice of the Customer (VOC)to identify what is important to
customers and translate those desires into measurable Critical-to-Quality
(CTQ) metrics.

2. Define selection criteria

Establish clear criteria for evaluating potential projects, such as:
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Strategic Alignment: How well the project supports the organization's mission

and goals.

Financial Viability: Estimated costs, potential ROI, and profitability.

Feasibility: Technical, market, and resource feasibility.

Risk Profile: Potential risks and the organization's ability to manage them.

Measurability: The ability to collect baseline and post-improvement data to

prove success.

Employee Acceptance: How well the project will be received by employees

and the ease of implementation.

3. Prioritize project opportunities

Shortlist opportunities and apply the established selection criteria to
them.

Use tools like a priority matrix to compare projects based on factors
like the scale of benefit and ease of implementation.

Conduct a cost-benefit analysis or use a scoring model to quantify the
potential value of each project.

Consider other financial methods like Payback Period or Net Present
Value (NPV).

4. Select the best project

Choose the project that ranks highest based on the defined criteria and
prioritization process.

Ensure the project has a clear charter, including a problem statement,
goal statement, and aim statements that are concise and measurable.
Confirm that the project is within the scope and resources of the team,
and that there is buy-in from stakeholders.

Ensure the project has a clear need and a defined scope, distinguishing

it from a simple "just do it" improvement.
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3.7 Benefit/Effort graph

Selecting the appropriate tasks from endless possibilities requires available
resources to be effective in a world with limited resources. The benefit and
effort matrix emerges to help with decision-making. The basic blueprint
enables task selection by maximizing benefit potential compared to the
necessary work expenditure. Your project and process management will
benefit from using the benefit-effort matrix as your preferred productivity
solution for decision-making tasks.

The Benefit and Effort Matrix is a visual tool that assists people and groups
in evaluating priorities between expected advantages and needed work
dedication.

People use the benefit and effort matrix as a visual tool that evaluates
initiatives across benefit and effort scales to help make decisions. The tool
displays its data through four sections that form a two-dimensional 2x2 grid
structure.

e Tasks that produce big benefits through minimal investment fall into
this category.
e Large initiatives fall under the quadrant of high benefit alongside high
effort requirements.
e Fill-ins—Low Benefit, Low Effort
e Time Wasters—Low Benefit, High Effort
The matrix enables you to arrange decisions using benefit and effort axes,
which helps you determine where your resources will produce the most
benefit.
Why Use the Benefit and Effort Matrix?
The advantage of implementing the benefit and effort matrix stems from its
straightforward, practical design. Here’s why it’s so useful:
e The matrix function allows you to simplify complex decision-making

by providing clear definitions.
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e Focus is an instrument to keep teams and individual members on
essential, high-value work assignments.

e The implementation generates more efficient use of time and money,
together with energy consumption.

e Alignment: Ensures alignment with strategic goals and priorities.

e The evaluation method stimulates team members to actively participate
in determining priorities during their brainstorming sessions.

e People in all leadership positions can enhance their productivity and
decrease their stress levels through the implementation of the benefit
and effort matrix.

Breaking Down the Four Quadrants
The successful application of the benefit and effort matrix depends on
grasping the meaning behind each section.

1. The quick wins segment offers high benefits with minimum effort.

Quadrant Il { Quadrant |
(-, +) 1 (+, +)

Quadrant lll + Quadrant IV
(_, _) o (+: -)

Figure 3.3
Among the four sections of the matrix, these represent the key chances for
success. The combination provides maximum value while requiring little
spending. Successful implementation of these opportunities establishes
momentum that builds morale before projecting success.

Examples:
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e A quick remedy to repair any malfunctioning CTA element located on
your website’s interface
e When contacting a hot lead, you must additionally send them a follow-
up email.
e A straightforward tool can handle an existing manual process that
requires no extra effort.
e The advantage-effort matrix serves as a tool that pushes teams to
pursue these tasks quickly because they offer rapid accomplishments.
2. The category of major projects involves maximizing high benefits with
notable effort expenditure.
Although these specific initiatives add value to your work, they must be
supported by appropriate scheduling, resource allocation, and duration
considerations. These projects have strategic value, and their execution takes
place over a long period.
Examples:
Organizations use the creation of fresh product features as an example of
major project work.
Rebranding your company
e A company must relocate to different CRM platforms.
e In order to make actions from your benefit versus effort matrix more
manageable, consider splitting them into various smaller quick wins.
3. Fill-ins (Low Benefit, Low Effort)
These tasks hold a low priority ranking, so they become available projects for
your available time or suitable delegate assignments. These non-urgent tasks
require attention despite their lower priority in the organization.
Examples:
Organizing folders
e You should review and modernize the descriptions that accompany

your old blogs.
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e A minor website plugin operates as the subject of testing during this
phase.

e Per best practice as described by the benefit and effort matrix, any
organization should be cautious about allocating too much time to
these specific tasks.

4. Time Wasters (Low Benefit, High Effort)

These are the dangerous traps. The activities that absorb time and money from
the operation produce insufficient results. These activities need to be
completely dismissed, or their execution should be postponed until a later
time.

Examples:

The effort of redesigning a landing page when it receives no traffic does not
create any beneficial outcomes.

e Attending non-essential meetings

e Your resources should avoid ranking for terms that demand excessive
competition with no potential profits.

e The benefit and effort matrix functions to help teams both verify their
assumptions and reduce their unproductive activities.

How to Create a Benefit and Effort Matrix

The construction of your own benefit and effort matrix does not require
special tools to operate. The following steps will guide you through the benefit
and effort matrix development process:

Step 1: The first step requires you to write down every task and project
that needs attention.

Develop the list of outstanding initiatives either alone or with your team
members.

Step 2: Estimate the Benefits

Assess the business and customer value and financial worth of each project.
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Step 3: Estimate the Effort
Analyze both time and expense requirements, as well as needed skills,
resources, and complexity levels of each upcoming task.
Step 4: Plot on the Matrix
The analysis-based grid assessment leads to the placement of each assignment
into the respective quadrants on your 2x2 chart.
Step 5: Prioritize and Take Action
Quick wins are the first step in implementation, followed by addressing major
projects. Avoid Time Wasters. Handle fill-ins only when needed.
Tools to use:

e The quick brainstorming will require paper and pen.

e Online platforms like Creately, Plaky, and Smartsheet

e Templates from ASQ or Google Sheets
Examples of Benefit and Effort Matrix in Real Life
The benefit and effort matrix functions productively in these real-life
situations:
1. Marketing Campaign Planning
The first marketing initiative requires an assessment of potential options. The
matrix should help users maintain a balance between lead generation activities
and budget and manpower allocation needs.
2. Software Development
Software development teams adopt this tool to determine which customer
demands should be addressed in the development cycle.
3. Personal Productivity
People employ the benefit and effort matrix to arrange their weekly
assignments or annual resolution items.
4. Six Sigma Projects
Six Sigma teams utilize the information provided by the Pyzdek Institute to
choose process improvements that offer maximum ROl with manageable

implementation costs according to the matrix.
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The world spends most of its time in constant motion without delivering actual
productivity, which makes the benefit and effort matrix a powerful solution.
This tool helps you achieve critical thinking between value creation and
investment allocation to make purposeful selections.

This tool enables smarter work by directing users toward effective decisions
regardless of their current projects, which range from business expansion to

operational optimization to time management.

3.8 Process mapping

Six Sigma is a rigorous, data-driven approach aimed at improving business
processes by reducing errors and achieving near-perfect operations. A key
component of the Lean Six Sigma methodology is Process Mapping. This tool
visually represents a process detailing the steps and elements involved in
accomplishing a task within an organization. Essentially, it acts as a blueprint,
showing the sequence of activities, the flow of materials or information, and

the relationships between different process steps.

Phase Description Role of Process Mapping
Define Outlining the problem, objectives, and lllustrates current process flow; sets the
scope; identifying customer needs and stage for in-depth analysis.

the process to be improved.

Measure | Quantifying current performance to set a | Identifies critical inputs and outputs; helps
benchmark. understand the current state and pinpoint
variability areas.

Analyze | Uncovering root causes of variations or Identifies where issues occur; highlights
defects through in-depth data analysis. bottlenecks, redundancies, and
unnecessary steps.

Improve | Developing and testing solutions to Facilitates simulation of process changes;
address identified root causes. visualizes potential improvements and
eliminates inefficiencies.
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The DMAIC Process

DEFINE MEASURE
D: Define the project goals > M: Measure the process
and customer (internal and to determine current
aexternal) deliverables. performance and quantify
the problem.
CONTROL AMNALYZE

C: Control future process
performance so improved
process doesn't degrade.

A Analyze and determina
the root cause(s) of
the defects.

IMPROVE
I Improve the process by eliminating defects.

Figure 3.5
Process Mapping is integral to the DMAIC framework, providing a visual
representation of the process that highlights areas of waste, variability, and
opportunities for improvement.
It aligns with Six Sigma’s goals in several ways:
Reduction of Variability: By visualizing the process, teams can identify and
eliminate sources of variability, leading to more consistent and predictable
outcomes.
Improvement of Quality: Process Mapping helps in understanding the flow
and interdependencies of process steps, which is crucial in identifying and
removing defects or non-value-adding activities, thereby enhancing the quality
of the output.
Facilitation of Communication: A process map is an effective communication
tool that helps stakeholders understand the process flow and the impact of
proposed changes, fostering collaboration, and consensus.
Documentation and Standardization: It provides a documented version of the
process that can be used for training, troubleshooting, and future improvement
projects, ensuring that quality improvements are standardized and sustained.
Types of Process Maps in Six Sigma
Each type of process map serves various purposes, depending on the specific

aspect of the process you want to understand or improve. Here are the key
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types of process maps used in Six Sigma, along with explanations of when and
why each is used:

Flowchart: Flowcharts are the foundational tool for documenting sequential
steps and are great for initial process analysis. Flowcharts help to identify key
steps and potential improvement areas and are ideal for simplifying complex
processes.

SIPOC Diagram: This process map offers a high-level view, highlighting
Suppliers, Inputs, Processes, Outputs, and Customers. These are used early in
projects to define scope and understand process context, ensuring a
comprehensive approach to improvement.

Value Stream Mapping (VSM): This process map analyzes material and
information flow from start to finish, identifying inefficiencies and waste.
Aimed at optimizing end-to-end processes, VSM is crucial for enhancing
efficiency and customer value.

6 Steps to Create a Six Sigma Process Map

Creating a Six Sigma process map involves a systematic approach to visualize
and analyze a process to identify areas for improvement. Here’s a concise
guide to creating a process map, focusing on the Flowchart type for detailed
guidance, along with tips for ensuring clarity and effectiveness.

Step 1: Identify the Process

Start by clearly defining the process you want to map. Outline the start and
end points to set the scope and understand the purpose behind mapping this
process. Knowing your goals will guide you in creating a map that is both
relevant and useful.

Step 2: Gather Data and Tools

Gather detailed information about each step of the process. This includes
inputs, outputs, and decision points. Decide on whether you’ll use software or
manual tools to create your flowchart. Digital tools like Visio or Lucid
Chart can be particularly helpful as they offer templates and easy editing

features..
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Step 3: Involve the Right Team Members

Create a cross-functional team by including individuals from different
departments who are directly involved in the process. This ensures that all
perspectives are considered and that the process map accurately reflects
reality. Including the right people is crucial for getting complete insights and
ensuring everyone supports the project.

Step 4: Create the Process Map (Flowchart Example)

Now it’s time to build your process map. This step involves drafting, refining,
and finalizing your flowchart to accurately represent the process.

Start with a Draft: Start with a rough sketch of the entire process. Map out the
main steps in the order they occur, from start to finish.

Use Standard Symbols: Apply universally recognized flowchart symbols—
rectangles for steps or actions, diamonds for decision points, and arrows to
indicate flow direction.

Detail Each Step: Document every action, decision, and outcome in sequence
from start to finish. Ensure no step is overlooked.

Label Clearly: Ensure each step is clearly labeled and described. This helps
anyone unfamiliar with the process understand the flowchart at a glance.

Team Review: Review the draft flowchart with the team involved in the
process. Their insights can help correct inaccuracies and identify missing
steps.

Iterative Revisions: Make necessary adjustments based on feedback to ensure
the flowchart accurately represents the process.

Completion: Once the flowchart accurately reflects the process and has been
validated by the team, finalize it.

Distribution

Share the finalized process map with all relevant stakeholders. Make sure it’s
easily accessible so it can be used as a reference for process improvement
efforts. Distribution is key to ensuring that everyone is on the same page and

can contribute to continuous improvement.
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Ongoing Review

Finally, regularly review and update the process map to ensure it remains
accurate. Processes can evolve over time, and your process map should reflect
these changes. Regular updates help maintain its relevance and usefulness as a
tool for ongoing process enhancement.

Tips to Ensure Clarity and Effectiveness

Keep It Simple: Avoid cluttering the map with too much detail. Focus on the
steps that add value and impact the process outcome.

Use Clear Labels: Make sure every step and decision point is clearly labeled
and easy to understand for anyone unfamiliar with the process.

Regular Updates: Process maps should be living documents. Update them as
processes change to maintain their usefulness.

Seek Feedback: Regularly consult with stakeholders and team members to
ensure the process map remains clear, accurate, and useful.

Common Mistakes in Process Mapping and How to Avoid Them

Several common mistakes can reduce the effectiveness of process maps.
Address these pitfalls to create a more accurate, clear, useful, and detailed
process map that effectively supports process improvement initiatives:

e Overcomplicating the Map: Keep the map simple and focused.

e Ignoring Variations: Acknowledge and document any variations within
the process to capture the full scope of operations accurately.

e Failing to Update the Map: Regularly review and revise the process
map to reflect any changes in the process.

e Not Involving a Cross-Functional Team: Engage team members from
different areas of the organization in the mapping process to gain
diverse perspectives and a comprehensive understanding of the
process.

Case Study: Six Sigma Process Mapping in Action
In this case study focusing on process mapping within a product fulfillment

context, a company encountered operational inefficiencies despite initial
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efforts to establish a structured workflow. After several months, stakeholders
began expressing concerns about the complexity and perceived redundancy of
certain steps within the process.

While logical in theory, the process ended up receiving major criticism and
facing several challenges:

Complex Process with Diverse Stakeholder Input: The process involved inputs
and requirements from various departments, including executives, sales, and
operations, making it complex and multifaceted.

Inefficiencies and Perceived Waste: The process was criticized for being over-
engineered and inefficient, with allegations of unnecessary steps that did not
add value.

Discrepancies Between Theory and Practice: There was a significant gap
between how the process was designed to function and how it was actually
executed, leading to delays and inefficiencies. For instance, a step allocated 3
days for completion was, on average, taking 3.5 days, causing downstream
delays.

To address these concerns, a comprehensive meeting was convened
involving all relevant stakeholders. Through rigorous discussion, it became
apparent that there was a lack of alignment regarding the necessity of specific
process steps among different departments. During the meeting, it was
discovered that steps that were deemed irrelevant by one department were
vital for other departments. Each step was found to be necessary.

Upon closer examination, discrepancies emerged between the documented
process and its actual execution, particularly in areas such as approval
timelines. Delays in approval processes were identified as significant
bottlenecks contributing to overall inefficiency.

However, the pivotal realization from this discussion was that the solution
did not lie in wholesale process redesign, but rather in enhancing

understanding and adherence to the existing process. Achieving clarity and
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alignment across all departments was recognized as paramount for improving
operational efficiency.

By fostering a culture of compliance and execution excellence, the
organization embarked on a journey of process optimization. This involved
refining existing workflows, addressing bottlenecks, and ensuring consistent
adherence to established processes.

Ultimately, this case study underscores the importance of process mapping
as a strategic tool for driving organizational efficiency. Through meticulous
analysis and alignment of stakeholders, businesses can identify opportunities
for improvement and implement targeted interventions to enhance operational
performance.

Best Practices for Six Sigma Process Mapping

To maximize the effectiveness of process mapping within Six Sigma projects,
here are some best practices to follow:

Keeping the Process Map Simple and Understandable

Focus on Clarity: Avoid overcomplicating the map with excessive detail that’s
confusing or overwhelming. Use clear, concise labeling and standard symbols
to ensure that the map is easily understandable by all stakeholders.

Prioritize Key Steps: Highlight the most critical steps in the process to
maintain focus on areas that significantly impact performance and outcomes.
Regularly Reviewing and Updating the Process Map

Dynamic Nature of Processes: Processes can evolve due to changes in
technology, regulations, or business objectives. Regularly review and update
the process map to reflect these changes.

Continuous Improvement: Use the process map as a living document that
supports ongoing improvement efforts. Revisiting the process map can help
identify new process inefficiencies and areas for further optimization.

Using Process Mapping Software Tools

Leverage Technology: Many software tools are designed specifically for

process mapping, offering features like drag-and-drop elements, templates,
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and collaboration capabilities. These tools can simplify the creation, sharing,
and updating of process maps.

Enhance Collaboration: Choose software that enables real-time collaboration
among team members, allowing for easier collection of input and consensus
building.

Training Team Members on How to Read and Use Process Maps

Build Process Literacy: Ensure that all team members, regardless of their
familiarity with Six Sigma, understand how to interpret and utilize process
maps. This involves training on the symbols, flow, and conventions used in
process mapping.

Empower Teams: By educating team members on how to read and use process
maps, you empower them to identify inefficiencies and suggest improvements,
fostering a culture of continuous improvement.

Elevate Efficiency and Quality with Six Sigma Process Mapping

Process Mapping is vital in Six Sigma for boosting efficiency and visualizing
processes to pinpoint and remove inefficiencies. It aligns with Six Sigma’s
objectives of minimizing variability and enhancing quality, proving essential
for achieving operational excellence.

Embracing Process Mapping in your quality improvement initiatives can
lead to transformative results, making your operations smoother and more
efficient. Whether you’re a beginner, a Six Sigma Green Belt, or a Black Belt,
it’s an invaluable tool for anyone looking to drive meaningful changes in their

organization.

3.9 Value Stream Mapping

Value stream mapping analyzes and optimizes the flow of materials and
information required to bring a product or service to the customer. It typically
involves taking a high-level process map and expanding on it to deeply
analyze each step in an overall workflow or series of processes. Think of it

as assessing an existing process map more rigorously by accounting for every
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action required to turn a product from raw materials into a beneficial result
that ultimately ends up in the customer’s hands.

Creating a visual representation of all the elements that go into making a
process enables organizations to apply Lean Six Sigma principles to reduce
waste in specific areas of their processes.

History of Value Stream Mapping

VSM as a concept has existed for over a century. As Jim Womack explains,
the core ideas behind value-stream mapping were originally invented by
Henry Ford in the early 20th century at his Highland Park plant for the Model
T. Ford lined up fabrication activities like casting, machining, and welding
into a continuous flow he called “flow production.” However, it was limited to
a single product with no variations. Toyota later advanced these concepts
through the work of Taiichi Ohno, who developed ways to create flow with
high variety and low volume products, pulled by customer demand.

While schematics illustrating material and information flow existed earlier,
such as in Charles E. Knoeppel’s 1918 book Installing Efficiency Methods,
significant industrial implementation came with the Toyota Production System
in the 1950s. By the 1990s, value-stream mapping had spread beyond
manufacturing into more information-based industries like software
development, logistics, and healthcare.

Key Components and Symbols

Value stream mapping uses common components to identify value-adding
activities, non-value-adding activities, bottlenecks, inventory levels, and other
critical aspects of a process. There can be hundreds of potential types of inputs
when value stream mapping, but some common symbols include:

e A Process Box or Activity Symbol represents a specific step or activity
within the process. It uses a rectangular box with a brief description of
the activity inside.

e Customer/Supplier represents the external entities that receive or

provide inputs to the process. Customers are typically depicted with an
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arrow pointing toward them, while suppliers are shown with an arrow
pointing away from them.
e Material Flow is depicted as solid lines or arrows
e Information Flow is illustrated as dashed lines or arrows
e Inventories are typically shown as triangles or stacks of boxes, with the
height indicating the inventory quantity.
e Inventories Work in Process (WIP) are triangles with a diagonal line
indicating incomplete status.
e Wait Time/Delay is depicted as a clock or hourglass
e Kaizen Burst represents areas of improvement or opportunities for
continuous improvement, which is fundamental to Six Sigma. Kaizen
appears as a small explosion or lightning bolt symbol pointing toward
the area of improvement.
An example of a value stream map format is a generic map showing the
physical product flow from suppliers to customers, indicating inventory
stages, transport modes, and delays at each step.
The Six Sigma Approach to Value Stream Mapping
Six Sigma’s goal is to rigorously analyze a process to surface wasteful
activities, defects, and variability to optimize the workflow for smooth overall
flow at each stage. The purpose of VSM is the same: finding and eliminating
waste to maximize value to you and your customers. VSM is a valuable Six
Sigma tool for identifying and removing the time and energy of no value.
During value stream mapping, organizations can conduct statistical analysis
to quantify process inefficiencies, identify root causes of waste, and prioritize
improvement opportunities. By leveraging Six Sigma tools such as Statistical
Process Control (SPC) or hypothesis testing, organizations can validate the
effectiveness of process improvements identified through VSM.
Benefits of Six Sigma Value Stream Mapping:
e Enhanced process visibility and understanding

e Improved operational efficiency and waste reduction
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e Better product quality and customer satisfaction

e Inexpensive and easy to implement

e A comprehensive view of your entire production and delivery process

e Find problems and fix them

e Applicable throughout an organization

e Builds an environment that values collaboration, teamwork, and

communication.

Examples of VSM
We encounter simple situations in everyday life that lend themselves well to
value stream mapping. Take, for example, when you buy something online
and track your package from the point of purchase until it reaches your
doorstep. You can visually map the entire process, starting when you, the
customer, purchase an item and ending when the eCommerce company
delivers it to your doorstep.
VSM Case Study: Healthcare
Imagine the emergency room of a large hospital with long patient wait times,
overcrowding, and dissatisfaction among patients and staff. Using value
stream mapping, they could analyze the patient flow and treatment process in
the emergency department and consult with physicians, nurses, administrators,
and Six Sigma facilitators to map out the current state of patient flow, from
triage to discharge.

Value stream mapping would help the hospital system find areas for
improvement. If there are excessive wait times for diagnostic tests or
discharge procedures, the hospital must understand the choke points. Once it
does, it can streamline diagnostic testing and improve communication between
departments to get more patients in and out faster and increase patient
satisfaction scores.

VSM Case Study: Manufacturing
In this scenario, an appliance manufacturer faces long lead times and high

inventory levels in their assembly line. These problems are driving up costs
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and making it harder to respond to customer demand. Using value stream
mapping, the manufacturer will analyze their assembly process from raw
materials to finished vehicles, pulling in cross-functional teams of production
engineers, supply chain experts, and frontline workers to map out the current
state of the assembly line.

Through VSM, they will pinpoint a few non-value-adding activities,
including excessive downtime between steps on the assembly line and
overproduction of specific appliance components. The response is
reorganizing workstations and implementing pull-based production, which
drops lead times and inventory levels, driving significant cost savings and
better customer responsiveness.

7 Steps to Create a Value Stream Map
Creating a value stream map is a powerful way to visualize, analyze and
improve the flow of materials and information in a process. It allows you to
identify waste, inefficiencies, and opportunities for optimization from the
customer’s perspective. Follow these seven steps to create an effective value
stream map:

e Identify the process you want to map

e Draw your current value stream map

e Assess your current value stream

e C(Create a “future state” value stream map

e Develop a plan to implement the desired state

e Implement the plan

e Review and repeat for continuous improvement
Step 1: Identify the process you want to map
Put yourself in your customer’s shoes to determine their issues with your
organization. The problems could be a product manufacturing process, a
service delivery process, or any other sequence of activities that delivers value

to the customer.
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Step 2: Draw your current value stream map

Define the starting and ending points of the value stream, including all
relevant processes, departments, and stakeholders involved in delivering the
final product or service. Trace the flow of one unit (product or service)
through the process and consult with the relevant personnel to ensure you have
all the steps.

Step 3: Assess your current value stream

Observe the process in action, interview employees and stakeholders, review
process documentation, and collect relevant performance metrics and data.
Include metrics for each process step, such as how long it takes, the median
time, and resource usage. Review the current state map to identify
inefficiencies, bottlenecks, waste, and opportunities for improvement.

Step 4: Create a “future state” value stream map

Look at the waste you’ve identified, and then ask yourself:

e What’s your vision for the ideal future state of the value stream?

e What are your specific improvement goals?

e Isitreducing lead times, improving quality, or increasing productivity?
Your future state map should incorporate changes and improvements
identified during the analysis of the current state and present a complete
picture of what the final version would ideally look like (always aligning with
the organization’s visions and goals).

Step 5: Develop a plan to implement the desired state
It’s now time for the action plan, which details how to implement your
mapped solutions. The plan should:

e Assign responsibilities to appropriate personnel, allocate resources,

and establish timelines for implementing improvement initiatives.

e Prioritize improvement opportunities based on their potential impact

on key performance metrics, alignment with organizational goals, and

feasibility of implementation.
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e When prioritizing, consider factors such as resource availability, the
complexity of changes, and dependencies between improvement
initiatives.

e Include metrics aligned with the objectives and provide meaningful
insights into process performance.

Step 6: Implement the plan

Monitor progress closely against the established timelines, milestones, and
KPIs and adjust as needed to ensure success. As the plan begins, provide
training and resources to ensure teams have the knowledge and tools to
execute their assigned tasks effectively.

Step 7: Review and repeat

Six Sigma, by design, creates a culture of lasting change and continuous
improvements. Implementing your improvements isn’t the end of your job; it’s
the beginning. Establish a system for continuous monitoring and evaluation of
the value stream’s performance and track key performance indicators and
metrics to assess the effectiveness of process improvements.

Advanced Techniques and Tools for Value Stream Mapping

Lean Six Sigma professionals have been using value stream mapping for
decades without the benefit of digital tools. Today, it’s imperative to integrate
technology for real-time data analysis and tracking. But not just any software
will do; you want VSM tools that have:

e Visualization capabilities

e Built-in data analysis

e Integration capabilities with other business tools

e Collaboration features

e Microsoft Visio, MindMeister, GitMind, and others are great ways to
bring flowcharting and mapping into the modern era.

Value stream mapping allows one to analyze any organizational process
rigorously enough to surface wasteful activities, defects, and variability so that

the workflow can be optimized for smooth overall flow at each stage.
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Six Sigma VSM helps maximize value and minimize waste by enabling:
e Better communication and collaboration
e Continuous process improvements
e A culture of excellence in your organization
e Easy visualizations of waste, excess inventory, and production

constraints

3.9 Predicting and Improving Team Performance

Predicting and improving team performance in Lean Six Sigma
involves focusing on specific team behaviors, providing strong leadership
support, and utilizing a data-driven methodology like DMAIC (Define,
Measure, Analyze, Improve, Control).

Predicting Team Performance

Successful Lean Six Sigma (LSS) teams and their performance can be
predicted by the presence of several key factors:

Higher-Level Leadership Behaviors: Active involvement from senior
management, clear strategic communication, and allocation of necessary
resources (time, budget, training) are crucial for team success and motivation.

Team Leader Behaviors: Effective team leaders balance both relations-
oriented (mentoring, active listening, showing respect) and task-oriented
behaviors (coordinating work, providing problem-solving support).

Team Behaviors: High-performing teams consistently demonstrate frequent
performance monitoring, information sharing, peer support, and proactive
process improvement initiatives.

Data and Metrics: The ability to establish baseline metrics (defects, cycle time,
cost) and make data-driven decisions helps predict the potential for
measurable, lasting improvements.

Organizational Culture: A culture that supports continuous improvement,
encourages employee engagement, and is open to change is a strong predictor

of sustained success.
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Improving Team Performance

Improving team performance in a Lean Six Sigma environment relies heavily
on a structured approach and specific tools:

Structured Methodology (DMAIC): The DMAIC roadmap provides a clear,
five-phase process for solving problems, ensuring the team stays focused on
root causes rather than symptoms.

Define: Clearly articulate the problem, goals, and project scope using tools
like a project charter and SIPOC diagrams.

Measure: Collect reliable data to establish the current performance baseline.
Analyze: Use tools like cause-and-effect (fishbone) diagrams and the 5 Whys
to identify the true root causes of defects and variation.

Improve: Develop, test (often via pilot studies or Design of Experiments), and
implement solutions to address the root causes.

Control: Standardize the new process and implement control mechanisms
(e.g., control charts, standard operating procedures, Poka-Yoke) to sustain the
gains and prevent the process from reverting to old ways.

Cross-Functional Teams: Assemble teams with diverse expertise from
different departments to get a holistic view of the process and ensure buy-in
across the organization.

Comprehensive Training: Provide appropriate Lean Six Sigma training and
certification (Yellow, Green, Black Belts) to equip employees with the
necessary problem-solving skills and statistical tools.

Recognition and Empowerment: Empower employees to identify issues and
implement solutions. Recognizing their contributions and celebrating
successes helps maintain momentum and engagement.

Data Analytics Integration: Leverage modern data analytics, Al, and machine
learning to analyze vast data volumes, predict deviations, and automate

monitoring, which enhances the precision and speed of improvement efforts.
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3.10 Nine team roles and Team leadership

In Lean Six Sigma, team structures generally involve a tiered "belt" system
and supporting roles, rather than a fixed "nine roles” framework unique to the
methodology itself. The "nine team roles™ concept you may be referring to is
likely the Belbin Team Roles model, a separate management theory used to
ensure a balanced team dynamic, which can be applied to LSS projects.

Lean Six Sigma Leadership and Key Roles

Lean Six Sigma projects require strong leadership at both the initiative and
project levels to ensure strategic alignment and effective execution.

Initiative Leadership

Executive Leadership/Quality Council: Top management (e.g., CEO, VPs)
who establish the strategic vision for LSS, set business objectives, provide
resources, and create an environment for success.

Champion/Sponsor: Senior executives or process owners who drive the
initiative, select specific projects, secure necessary resources (funding,
personnel), and remove organizational barriers. They link projects to
organizational priorities and are responsible for validating the project results.
Deployment Leader: In large organizations, this leader is responsible for the
overall rollout plan and administration of the LSS program across the
enterprise.

Project Leadership

Master Black Belt (MBB): The in-house LSS expert and internal consultant.
MBBs train and coach Black Belts and Green Belts, help identify high-
leverage opportunities, and ensure project quality, value, and sustainability.
Black Belt (BB): Full-time project leaders who are experts in the DMAIC
methodology and statistical analysis. They lead complex problem-solving
projects, mentor Green Belts, and are responsible for delivering tangible
results and driving change.

Green Belt (GB): Part-time team leaders or members who work on projects

within their functional areas under the guidance of a Black Belt. They assist
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with data collection and analysis and may lead smaller projects using basic
LSS tools.
Yellow Belt (YB): Project team members with a basic understanding of LSS
who support data collection, process mapping, and small improvement efforts,
often as subject matter experts.
Process Owner: The individual accountable for the specific business process
being improved. They work with the project team to implement solutions and
ensure improvements are sustained after the project is complete.
Team Member/Subject Matter Expert (SME): Individuals with specific skills
and knowledge relevant to the process under review who actively participate
in project activities, brainstorming, and data analysis.
The Nine Belbin Team Roles Model
The nine Belbin team roles are descriptions of job duties that fall into three
broad categories: thought-oriented roles, action-oriented roles and people-
oriented roles. Understanding each role a team member can play may help you
to work more efficiently as a team:

e The Monitor Evaluator (thought-oriented)

e The Specialist (thought-oriented)

e The Plant (thought-oriented)

e The Shaper (action-oriented)

e The Implementer (action-oriented)

e The Completer/Finisher (action-oriented)

e The Coordinator (people-oriented)

e The Team Worker (people-oriented)

e The Resource Investigator (people-oriented)
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Figure 3.6
Action Oriented roles
Action Oriented roles focuses on improving team’s performance and turn
ideas into action. Shapers, Implementer and Completer Finisher are action
oriented team roles.
Shaper (SH)
Shapers are task-focused and have the drive to keep the team moving and
reach achievements. They are the ones who challenge the team to improve and
to overcome obstacles. They enjoy stimulating others and questioning norms.
Shapers like to challenge and their concern is to win. They are often extroverts
and possess strong drive skills. Shapers are generally perceived as managers
because they generate action. The weakness of Shaper is that they can be too
aggressive and offend people’s feelings just to get things done.
Implementer (IMP)
Implementers turn ideas into actions and organize work that needs to be done.
They turn strategies and decisions into defined and manageable tasks and sort
out objectives. They are efficient, self-disciplined and they favor hard work.

They are reliable and one can be sure that they will deliver on time.
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Implementers are often loyal to the team or have loyalty or interest with the
company and will take on jobs everyone else avoids or dislikes.

The weakness of Implementer is that they can be inflexible, find it hard to
accept new ideas and be slow to respond to new possibilities. They might lack
imagination and have difficulty in inspiring others.

Completer Finisher (CF)

The Completer Finisher is a perfectionist and is most effective at the end of a
task. They will do quality control by check and double-check just to see
everything is done right and completed thoroughly. They constantly strive for
perfection and correct errors. They are very concerned with deadlines and will
push the team to make sure the job is delivered on time. Completer Finisher is
introverted and has the drive within themselves and don’t need external
stimulus.

The weakness of Completer Finisher is that they can be perceived as anxious
and too fussy when hanging up on minor details and refusing to delegate tasks
since they trust no one else by themselves.

People oriented roles

People oriented roles bring people and ideas together. They keep up the team
spirit. Coordinator, Team worker and Resource Investigator are People
oriented roles.

Coordinator (CO)

Coordinators are good at seeing the big picture. They are needed to make the
team focus on team’s objectives and to make the team to work towards a
shared goal. They clarify the objectives and delegate tasks and ensure the best
use is made of each member’s potential. One can say that they take the
traditional team leader role. Coordinators are good speakers and thinks
positively. They are also good at summing up team discussion. The weakness
of Coordinator is that they can be interpreted to be manipulative and delegate

work onto others and leaving themselves little work to do.
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Team worker (TW)

Team workers are the most supporting members of a team. They are mild,
sociable, good listeners and are concerned about others. Their strengths are
that they are flexible, cooperative, perceptive and diplomatic. Their role within
a team is to keep up the team spirit, to prevent interpersonal problems and
allow other team members to contribute effectively. They might often become
Senior Managers. They create and maintain informal network of
communication between team members.

The weakness of Team Worker might be that they tend to avoid
confrontation and might hesitate to make unpopular decisions.

Resource Investigator (RI)

Resource Investigators perform best at the beginning of a project. They give
the team a rush of enthusiasm by pursuing contacts and opportunities. They
are good at picking up other people’s ideas and promoting them. Resource
Investigators are good networkers and are good at communication both inside
and outside the company. They go outside the team to get information and
new ideas. They explore opportunities and develop contacts. They are
extroverted, have relaxed personalities and are often perceived positively from
others.

The weakness of Resource Investigator is that they can become too
optimistic and loose enthusiasm once the initial eagerness has passed and by
this be lazy at the end of the project. They will also forget to follow things up.
Thought Oriented Roles
Thought oriented roles analyze options and provide technical expertise. Plants,
Monitor Evaluator and Specialists are Thought Oriented roles.

Plants (PL)

Plants are good especially at the beginning of the projects or when projects
start to fail. They are highly creative and can come up with good ideas and
new proposals and solve difficult problems. They use their imagination and

work in an unorthodox way. They tend to be introverted and might prefer to
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work apart from the team. They are usually original and radial. The weakness
of Plant is that they react strongly to criticisms and praise. They might not
communicate so effectively and might get isolated from team.

Monitor Evaluator (ME)

Monitor Evaluator thinks in a logical way and show seldom enthusiasm.
Making decisions may take time, but once the decision is made, they are
seldom wrong. They are best suited for analyzing problems and evaluating
ideas and suggestions. They try to make sure the team doesn’t make mistakes
and is not affected by emotions and personality.

The weakness of Monitor Evaluator is that they sometimes lacks the drive
and ability to inspire others and can be overly critical. They might therefore be
perceived as boring, over-critical and pessimistic.

Specialist (SP)

Specialists bring in-depth knowledge in the area they are specialized in. The
team role Specialist main attributes are their love of learning. They are self-
starting and dedicated. Their colleagues see them as experts to turn to for help
and guidance.

The weakness of Specialist is that they may not contribute so much to the
team, only in their own area. They may also overload one with information.

Belbin team roles have been described in short above. These roles can be
determined by questionnaires available at belbin.com. The questionnaire cost
around £20-£42 depending on how many individual reports that is going to be
purchased. | have made search on the Internet to see if there are free
questionnaires, but it is said in different Forums that these questionnaires are
not thorough as the original. Bu to be honest, | am not sure if it is price worthy
to investigate in these questionnaires. Reading about these roles will also give
knowledge and one will be able to determine which roles each team member

act upon.
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UNIT 1V
THE DMAIC PROCESS
AND TOOLS

4.1 The DMAIC process

Define, Measure, Analyze, Improve, and Control is a DMAIC acronym. The
process includes five phases: defining the problem, improving the activity,
identifying the opportunities for improvement, setting project goals, and
meeting the needs of the customer (internal and external).

DMAIC refers to a cycle of process improvement that is data-driven and
aims at improving, optimizing, and stabilizing business processes and designs.
A Six Sigma project is driven by the DMAIC improvement cycle.

When we look into the definition of DMAIC, it is a five-phase strategy for
improving a wide variety of organizational processes, whether it’s software
development, manufacturing, or some other process. While it’s associated
with Six Sigma, this strategy can also be applied to lean and other process-
improvement strategies. DMAIC is a data-driven problem-solving technique
designed to identify and address inefficiencies in a process, which improves its
outcomes and makes these improvements more predictable.

The acronym stands for the five phases — Define, Measure, Analyze,
Improve, and Control, and it is pronounced “duh-may-ik.”

The DMAIC methodology has its roots in the PDSA (“plan, do, study, act”)
cycle developed by statistician Walter A. Shewhart at Bell Laboratories in the
1930s. But the technique as we know it today has been shaped by some of the
largest organizations in the world such as Toyota, Motorola, GE, and Ford
Motor Company. You can read more about the history behind DMAIC and Six

Sigma developments here.
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Why the DMAIC Process?

Before we dive into the main process, there’s one additional step that some
companies employ in order to figure out whether DMAIC is the right approach
to solve their problems. This step is called “Recognize”.

The reason why this step is important, despite not being formally a part of
DMAIC, is that DMAIC cannot be applied to all situations. There are specific
conditions where this technique can be the right fit for process improvement.
Recognizing the right conditions and choosing the right problem to solve are
key to understanding whether DMAIC is the right tool for you.

How do you evaluate those conditions? Here are three main factors to
consider:
e There are apparent inefficiencies and defects in the existing process.
e There is potential to reduce variables such as lead times or other flaws
while improving variables like productivity or cost savings.
e The condition is assessable, and the outcomes can be understood
appropriately through quantifiable means.
e After you have evaluated the above factors, you can conclusively
determine if your process can benefit from implementing DMAIC.
The Five Phases of DMAIC
The DMAIC process follows five key phases, which are intended to lay the
groundwork for your process improvement, chart goals, track progress, and
analyze results. The five phases (and an explanation of each) are:
1. Define
During this phase, we select the most critical and impactful opportunities for
improvement. This phase is also about mapping the process, focus, scope, and
the ultimate goal as well as understanding how the problem affects all
stakeholders. The way to jumpstart a DMAIC cycle is by crafting the problem
statement.
The other critical steps at this stage are:

¢ Identify the opportunities with high potential for improvement
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e Outline the scope of the project
e Create a value stream map (VSM) to document every step in the
process
e Develop a voice of the customer table (VOCT) to pinpoint the
customer needs
e ldentify all stakeholders
e Estimate project impact and completion
e Identify and document business opportunity
e Draw out other related processes
A successful Define phase helps you move forward with clear, well-defined
objectives and timeline for project completion.
2. Measure
The Measure phase is where baselines are drawn to assess the performance of
a given process. Without having sound benchmarks for comparison, it’s
difficult to track improvements. Hence, at this stage, we:
e Develop the data collection methods to be used to measure success
e Recognize input, processes, and output indicators
e Collect and examine current state data
e Outline the failure modes and effects analysis
e Implement process capability analysis
e The use of visual management tools such as control charts, bar charts,
and run charts etc. can help you achieve better results at this stage
3. Analyze
In this phase, your goal is to identify and test the underlying causes of
problems to make sure that improvement takes place from deep down where
the problems stem from.
The critical steps at this stage include:
e Performing a complete root cause analysis (RCA), which covers a

broad range of techniques and methodologies, including change
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analysis, events and causal factor analysis, and the Kepner-Tregoe
Problem Solving and Decision Making model.

Doing failure mode and effects analysis (FMEA) to identify all
possible problem areas, inefficiencies, flaws, defects, and
shortcomings.

Getting a visual representation of the variations within a given process
using a multi-vari chart.

Implementing process control

Developing a plan for improvement

After this phase, you will be able to capture and document all opportunities for

improvement successfully, and your plan of action will start taking shape.

4. Improve

With the analysis done and the data in front of you, now is the time to start

making the improvements.

This stage includes the following activities:

Brainstorm and put forth solution ideas

Develop a design of experiments (DOE) to determine the expected
benefits of a solution

Revise process maps and plans according to the data collected in the
previous stage

Outline a test solution and plan

Implement Kaizen events to improve the process

Inform all stakeholders about the solution

The use of improvement management software is helpful at this stage. This

helps to move the process seamlessly, achieve cross-functional collaboration

and makes it easier for the management and executives to follow the progress

of a given DMAIC project.
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5. Control
After changes are in place and are successfully addressing the problems to
improve your operations, it’s time to bring the process under control to ensure
its long-term effectiveness.
This is where you:
e Identify and document the new work standard
e Develop a quality control plan which ensures the entire team is
working with the same techniques and metrics
e Confirm reduction in failures due to the targeted cause
e Use statistical process control (SPC) to monitor process execution and
identify any issues that arise
e Determine additional improvements, if needed, to meet process
objectives
e Streamline process improvements using the “Five S’s” of Lean
e Integrate, document, and communicate the lessons learned
After the Control phase, you can quantify the complete impact of process
changes in terms of cost reduction, efficiency, quality improvement,
productivity increase, and customer satisfaction.

This phase continues until new opportunities for improvements arise, and
then, the DMAIC cycle runs from start all over again. Starting a DMAIC
process involves time, effort, and discipline, but once your team gets the hang
of it, they will become comfortable with the approach.

Benefits of DMAIC: Why It’s Needed

When your organization is trying to improve a particular process, such as
decreasing the number of defects or increasing overall quality, it’s important
to have a clear path for reaching your goals. The main benefit of the DMAIC
process is its simple but highly structured approach. Without this kind of
structure, organizations will have a difficult time tracking what works (and

why) or eliminating process changes that don’t work. And without
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implementing effective controls, even the best process changes won’t be
properly adhered to.

Since this approach is so structured and requires detailed documentation, it
allows businesses to hone their approach to problem-solving and increase
productivity continually. Data collected through the process can be used for
other projects within the same organization, providing more accurate baselines

along the way.

4.2 Toll Gate Reviews
Tollgate reviews typically occur after each phase of a project and involve
stakeholders, team members, and project leaders. These reviews assess
whether the project has achieved its objectives and if it’s ready to move
forward to the next phase. They ensure that decisions are data-driven and that
necessary improvements are incorporated to enhance project outcomes.
Key Elements of a Six Sigma Tollgate Review
Evaluation of Deliverables: Assessing the completion and quality of the
deliverables produced in the current phase.
Review of Metrics and Data: Analyzing relevant metrics and data to ensure
they meet the predefined targets and objectives.
Stakeholder Alignment: Ensuring that stakeholders are aligned with the
project’s progress, goals, and outcomes.
Risk Assessment: Identifying any potential risks or issues that might affect the
project’s success and devising mitigation strategies.
Decision-Making: Deciding whether the project should proceed to the next
phase, be adjusted, or be halted based on the review’s findings.
Documentation: Proper documentation of the review findings, decisions made,
and actions required for the subsequent phase.

These checkpoints or tollgates, as part of the Six Sigma tollgate definition,

are critical in maintaining project discipline, ensuring alignment with
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organizational goals, and minimizing risks throughout the project lifecycle in
the Six Sigma process.

By conducting tollgate reviews, organizations implementing Lean Six Sigma
can maintain control over project progress, validate improvements, and ensure
that projects stay aligned with organizational goals. These reviews also
facilitate continuous improvement by allowing teams to learn from each phase
and make necessary adjustments for better results in subsequent stages.
“Define” the Tollgate Review in Six Sigma
The Six Sigma tollgate definition is a structured checkpoint or milestone that
serves as an evaluation point during different stages of a project. It acts as a
gatekeeper before progressing from one phase to the next. These reviews
ensure that the project is meeting predefined objectives, adhering to
established timelines, and maintaining quality standards. Tollgate reviews are
crucial for assessing project readiness and determining whether to proceed,
pause, modify, or terminate the project.

Key aspects of a tollgate review include:

Evaluation Criteria: Clear criteria and metrics are established at the
beginning of the project for each phase. These criteria define what success
looks like at each checkpoint, helping in the assessment of project progress.
Documentation and Reporting: The team compiles relevant data, reports,
and documentation to present the project status, achievements, challenges, and
plans. This information helps stakeholders understand the project’s current
state and what to expect in the upcoming phase.

Decision Making: Stakeholders, project sponsors, and relevant personnel
convene to review the project’s status and determine whether it meets the
criteria for advancing to the next phase. Decisions might involve approving
the continuation of the project, requesting modifications, or deciding to
terminate it.

Risk Assessment: Tollgate reviews often involve a risk assessment to identify

potential risks or issues that could impact project success. Addressing these
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concerns helps in mitigating risks or making informed decisions about project
modifications.

Quality Control: Ensuring that the project aligns with quality standards and
meets customer requirements is paramount. The tollgate review evaluates
whether the project output aligns with these quality parameters.

Learning and Improvement: Lessons learned from the current phase are
often discussed during tollgate reviews. This includes identifying what worked
well, what didn’t, and how processes can be improved in subsequent phases.
Executing a Successful “Define” Tollgate Review

Executing a successful Define Tollgate Review in the context of Six Sigma
involves careful planning, preparation, and adherence to specific steps to
ensure that the project is set up for success right from the start. The Define
phase is the first phase in the DMAIC (Define, Measure, Analyze, Improve,
Control) framework of Six Sigma, and the tollgate review at this stage is
critical in laying the foundation for the project’s success. Here’s a step-by-step
guide to executing a successful define Tollgate Review:

Establish Clear Objectives: Clearly define the project objectives, scope, and
goals. Ensure that these are aligned with the organization’s overall strategic
goals.

Assemble the Project Team: Form a cross-functional team comprising
individuals with diverse skills and expertise relevant to the project, including a
thorough understanding of Six Sigma tollgate principles. Ensure that team
members understand their roles, responsibilities, and contributions.

Create a Project Charter: Develop a project charter that outlines the
project’s purpose, scope, objectives, stakeholders, expected outcomes, and
initial timeline. This document serves as a roadmap for the project, including
considerations for Six Sigma tollgate checkpoints.

Define Metrics and Success Criteria: Establish key metrics and success

criteria that will be used to measure the achievement of objectives, integrating
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elements pertinent to Six Sigma tollgate methodologies. These metrics should
be specific, measurable, achievable, relevant, and time-bound (SMART).
Perform Stakeholder Analysis: ldentify and analyze stakeholders who will
be impacted by or have an influence on the project, incorporating perspectives
crucial for Six Sigma tollgate assessments. Understand their needs,
expectations, and levels of involvement.

Gather Voice of the Customer (VOC): Collect and analyze customer
requirements, preferences, and expectations, aligning findings with the Six
Sigma Tollgate principles. This helps in ensuring that the project aligns with
customer needs as well as the tollgate review criteria.

Develop Process Maps and High-Level Scope: Create process maps or
flowcharts to understand the current process and identify areas for
improvement, aligning with Six Sigma tollgate checkpoints. Determine the
high-level scope of the project while considering tollgate review milestones.
Risk Assessment and Mitigation Plan: Identify potential risks and
uncertainties that could affect the project’s success, accounting for Six Sigma
tollgate assessments. Develop a risk mitigation plan to address these risks
proactively, in line with tollgate review requirements.

Prepare for the Tollgate Review: Compile all the necessary documentation,
including the project charter, stakeholder analysis, VOC data, process maps,
risk assessment, and any other relevant information essential for Six Sigma
Tollgate evaluations.

Conduct the Tollgate Review Meeting: Schedule a meeting with key
stakeholders, sponsors, and relevant team members to present the findings,
progress, and plans from the Define phase, aligning with Six Sigma Tollgate
protocols and the Six Sigma Tollgate definition. Present the project charter,
objectives, scope, metrics, stakeholder analysis, VOC findings, process maps,
and risk mitigation plan. Facilitate discussions to seek feedback, address
concerns, and obtain approval to proceed to the Measure phase, adhering to

tollgate review guidelines.
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Document Feedback and Next Steps: Document the feedback received
during the tollgate review meeting in accordance with Six Sigma tollgate
standards. Capture any action items, modifications, or additional requirements
for the next phase. Obtain formal approval or authorization to move forward to
the Measure phase while considering tollgate criteria.

Closure and Communication: Communicate the outcomes of the tollgate
review to all stakeholders, ensuring clarity on decisions made, any changes,
and the next steps in the project while adhering to Six Sigma tollgate
principles.

By following these steps and ensuring thorough preparation and
documentation, the Define Tollgate Review can be effectively executed,
setting the stage for a successful Six Sigma project. Regular reviews and
adherence to the DMAIC methodology throughout the project lifecycle will

help maintain momentum and ensure continuous improvement.

4.3 The DMAIC tools

DMAIC Tools for Define Phase

The define phase is the critical first step of the DMAIC methodology. It lays
the foundation for the rest of the process by clearly defining the problem,
project goals, scope, and customer requirements. Several useful tools can be
employed during this phase:

Project Charter

A project charter formally authorizes the project and provides a statement of
the business case, problem statement, goals, scope, roles, and responsibilities.
It ensures all stakeholders are aligned on the purpose and objectives.

Voice of the Customer (VOC)

Capturing the voice of the customer through surveys, interviews, focus groups,
etc. is vital to understand customer needs, and requirements, and identify areas
for improvement from their perspective. Tools like quality function

deployment (QFD) translate the VOC into critical quality characteristics.
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Process Mapping

Creating a high-level process map or SIPOC (Suppliers, Inputs, Processes,
Outputs, Customers) diagram defines the process boundaries and scope. It
identifies key process steps, inputs, outputs and customers served.
Stakeholder Analysis

This identifies all stakeholders impacted by the process and their
requirements. It analyzes their level of influence and prioritizes managing
relationships with key stakeholders.

Critical to Quality (CTQ) Tree

The CTQ treetranslates customer requirements and specifications into
measurable critical to-quality characteristics for the process.

DMAIC Tools for Measure Phase

The Measure phase of DMAIC aims to gather data and establish metrics to
understand the current state of the process. Several tools are employed during
this phase:

Process Mapping

Creating a detailed flow chart or diagram of the process steps is crucial. Tools
like swimlane diagrams, value stream maps, and SIPOC (Suppliers, Inputs,
Processes, Outputs, Customers) help visualize the process flow.

Data Collection Plan

A systematic approach is needed to determine the types of data required, data
sources, collection methods, sample sizes, and measurement system analysis.
Tools like gage R&R are used to validate measurement systems.

Check Sheets

These simple data recording forms allow teams to tally and compile data in a
structured manner for processes with discrete data points.

Trend Analysis Graphs

Tools like run charts, control charts, and time series plots help identify
patterns, trends, and shifts in process performance over time using continuous
data.
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Histograms

This bar chart of a distribution curve provides a snapshot of how a process
data is distributed, highlighting things like the mean, spread, and shape.
DMAIC Tools for Analyze Phase

The Analyze phase of DMAIC is focused on identifying the root causes of the
problems or defects identified in the Measure phase. Several powerful tools
can be utilized to thoroughly analyze data and get to the bottom of what is
driving the issues.

Root Cause Analysis

Root cause analysis techniques like cause-and-effect diagrams (also
called fishbone or Ishikawa diagrams) and the 5 Whys method are invaluable
for the Analyze phase.

Cause-and-effect diagrams visually map out all the potential causes for a
problem, organizing them into major categories like materials, methods,
measurements, environment, people, and machines. The 5 Whys repeatedly
asks “Why?” to peel back layers of symptoms to uncover the root cause.
Brainstorming Techniques
To ensure all potential root causes are considered, brainstorming techniques
like brainstorming sessions and the Nominal Group Technique can stimulate
creative thinking within the project team. Having a structured way to generate
and evaluate many ideas increases the chance of identifying the true root
causes.

Data Analysis Tools
Once root causes are theorized, data analysis tools help determine which
causes are statistically significant through techniques like:

e Hypothesis Testing (T-Tests, ANOVA, etc.)

e Correlation/Regression Analysis

e Design of Experiments (DOE)

e Process Capability Analysis
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These statistical methods analyze process data to validate which factors or root
causes have a meaningful impact worthy of addressing in the Improve phase.
Tools for Improve Phase
The Improve phase is where solutions are identified and implemented to
address the root causes determined in the Analyze phase.

Applying 5S effectively often requires a solid grasp of lean fundamentals,
which emphasize waste reduction and workplace efficiency.
Several useful tools can be leveraged during this stage:
Design of Experiments (DOE)
DOE is a structured testing method that allows you to identify the process
inputs or factors that have the greatest impact on critical quality
characteristics. By systematically changing factor levels, you can determine
optimal configurations to improve the process.
Failure Mode and Effects Analysis (FMEA)
FMEA is a risk assessment tool that evaluates potential failure modes, their
causes, and their effects. It helps prioritize improvement actions by identifying
high-risk failures to prevent issues.
Mistake Proofing (Poka Yoke)
Poka Yoke involves techniques for preventing errors through mechanisms that
help avoid, identify, and mitigate defects. Examples include physical devices
or process steps that make it impossible for a mistake to occur.
Kaizen Events
Kaizen events are rapid process improvement workshops that bring together a
cross-functional team to quickly implement solutions over a concentrated
timeframe, usually 3 to 5 days.
5S Workplace Organization
5S (Sort, Straighten, Shine, Standardize, Sustain) improves efficiency by
better organizing the work area and reducing waste from unnecessary motion

and searching.
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Solution Implementation Planning
This involves developing a detailed plan for rolling out the selected
improvements across the organization, including logistics, training,
documentation updates, and performance tracking.
Piloting and Simulations
Before full implementation, it’s wise to pilot or simulate solutions on a small
scale to validate their effectiveness and identify any issues before broader
deployment.
DMAIC Tools for Control Phase
The control phase is the final stage of the DMAIC methodology. At this point,
you have implemented solutions to improve the process.
However, your work isn’t done yet — you need to ensure the improvements
stick and the process remains stable over time. Several tools can help you
control and monitor the improved process:
Statistical Process Control (SPC)
SPC techniques like control charts allow you to study process behavior over
time. Control charts have statistically determined upper and lower control
limits. As long as the process measurements stay within these limits, it
indicates the process is in control. If points fall outside the limits, it signals the
process has gone out of statistical control and you need to investigate special
cause variation.
Some common SPC control charts used in DMAIC include:

e X-bar and R charts for variables data

e P charts for pass/fail data

e C charts for count/defect data
Process Capability Analysis
Process capability studies tell you how well the process can hold tolerances
and meet specifications. Metrics like Cp, Cpk, and process performance
indices show if the process can consistently produce acceptable output. If not

capable, you may need to reduce variation further.
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Control Plans
A control plan documents how you will monitor and control the improved
process long-term. It lists measurement techniques, sampling plans, control
charts to use, response plans if issues arise, and more. Documenting the plan
ensures consistent execution.
Procedural Control Tools
To lock in the improvements, you may need to update work instructions,
training, standard operating procedures (SOPs), maintenance plans, and other
documented process controls. Revising these ensures the improved methods
become the new standard way of operating.
Audits and Management Reviews
Even with controls in place, you should still periodically audit the process to
ensure it remains in control over time. Management review sessions evaluate
the latest control data and determine if any adjustments are needed.
The Seven Quality Tools in DMAIC
The “seven quality tools” are a set of statistical and graphical Six Sigma
methods used to help define, measure, analyze, improve, and control
processes. They include:
1. Check Sheets
The Check Sheet is a simple document used to record information as it is
being created. Simply stated, it’s a blank form filled out so that data can be
organized and collected quickly. Check Sheets are a standard Six Sigma tool
for collecting information on the frequency and severity of issues with a
certain product or service.

You can use Check Sheets to log information about both variables and
attributes. The information gathered may be quantitative or qualitative. In
addition, you can feed the data collected into other quality analysis

instruments, including histograms, bar graphs, and Pareto charts.
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2. Graphs (Trend Analysis)

The purpose of conducting a trend analysis is to better anticipate and plan for
the future by recognizing trends in historical data. While various methods are
available for analyzing trends, graphs are a common way to see patterns
emerge.

Six Sigma teams typically deal with enormous amounts of data, so much so
that it is impractical to convey the information using the raw data alone.
Instead, when trend analysis data is displayed graphically, the underlying
patterns and relationships between process parameters become clear. The first
step in any strategy to improve a problem is usually a trend analysis of the
issue at hand.

3. Histograms

Histograms are useful for visualizing how data is distributed by frequency in a
Six Sigma project. The goal is to arrange the data in a way that makes sense. A
histogram’s key benefits are its ease of use and adaptability.

There are a variety of contexts in which you can apply this tool to provide a
helpful glimpse into a frequency distribution. It can be used in the realm of
sales and marketing, for instance, to determine the best price structure and
advertising strategy. With Six Sigma, you can use it to analyze processes for
sources of variation. By determining the frequency of delays in each stage of
the process, you can illustrate where the delays are happening.

4. Pareto Charts

The Pareto Chart is a great tool for analyzing processes since it graphically
displays the relationship between the source and the cause of problems. The
Pareto Chart is your best bet when you need a quick visual representation of
where most of your process’s issues are coming from. In addition, you can
develop a successful approach to reduce a project’s complexity with the help
of a Pareto Chart at the early stage of a Six Sigma process improvement

project.
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5. Cause-and-Effect Diagrams

Cause-and-effect diagrams are used to identify and measure the relationships
between different variables. Six Sigma experts employ tools like cause-and-
effect diagrams to create a visual method for identifying potential root causes
of an issue. This tool can benefit both the analyze and improve phases since
you can use it to anticipate and prepare for possible failure scenarios.

6. Scatter Diagrams

A scatter diagram is a graphical representation of a collection of data that uses
the relationship between two variables to draw conclusions. It’s a fantastic tool
for displaying nonlinear correlations between variables, and it’s frequently
employed in Six Sigma strategies to reduce decision risk and understand how
two factors impact or don’t impact each other.

7. Control Charts

When assessing the stability of a process or operation across time, a Six Sigma
control chart is a simple yet potent tool. A control chart consists of a graph
that spans a specific time, a central line that displays the outcomes of a process
throughout that time, and upper and lower limits that show whether the
variance in the process is acceptable or not.

The DMAIC process is a powerful Six Sigma methodology tool that can
help you improve processes in the workplace. Applied correctly, it will result
in some effective solutions to issues. In general, these tools can help you and
your team improve your work and better implement the DMAIC process. With
that said, to maximize your benefit from these tools, you will have to learn
how to use them effectively and understand how to utilize your team to work

with you on the issues you are facing during a Six Sigma project.

4.4 SIPOC diagram
At its core, a SIPOC diagram is a visual representation of a process that

captures the key elements involved from start to finish. The acronym SIPOC
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stands for Suppliers, Inputs, Process, Outputs, and Customers, which are the
essential components depicted in this powerful tool.
A SIPOC diagram is a high-level process map that outlines the following:
e Suppliers: The individuals, departments, or entities that provide the
necessary inputs for the process.
e Inputs: The resources, materials, or information required for the
process to function properly.
e Process: The series of steps or activities that transform the inputs into
outputs.
e Outputs: The end products, services, or deliverables generated by the
process.
e Customers: The recipients or beneficiaries of the outputs, whether
internal or external to the organization
Role of SIPOC in Six Sigma DMAIC methodology
Within the Six Sigma framework, the SIPOC diagram plays a crucial role in
the Define phase of the DMAIC (Define, Measure, Analyze, Improve,
Control) methodology.

By creating a SIPOC diagram, project teams led by Six Sigma Green Belt
certification can clearly articulate the scope of the process under investigation,
identify key stakeholders, and align project goals with customer requirements
from the outset.

SIPOC in Six Sigma as a process mapping tool

The SIPOC diagram is a type of process map that provides a high-level
overview of a process. Unlike detailed process maps that delve into granular
steps and decision points, the SIPOC diagram offers a simplified, yet
comprehensive, representation of the process flow.

This makes it an ideal tool for quickly communicating the essence of a
process to stakeholders and facilitating a shared understanding among team

members.
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A high-level overview of a process

By capturing the suppliers, inputs, process steps, outputs, and customers in a
single diagram, the SIPOC provides a holistic view of the process under
consideration.

This  high-level perspective allows teams to identify potential
bottlenecks, inefficiencies, or areas for improvement without getting bogged
down in excessive detail. The SIPOC diagram serves as a starting point for
further analysis and process optimization efforts.

Components of a SIPOC Diagram

A SIPOC diagram consists of five key components that collectively provide a
comprehensive overview of a process. Understanding each of these
components is essential to effectively leveraging the power of this tool in Six

Sigma projects.
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Figure 4.1

Let’s explore each component in detail:
Suppliers
Suppliers are the individuals, departments, or external entities that provide the

necessary inputs for the process under consideration. Accurately identifying
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suppliers is crucial, as they play a vital role in determining the quality and
availability of the inputs required for the process to function effectively.
Identifying suppliers: When creating a SIPOC diagram, it is important to
carefully identify all relevant suppliers, both internal and external to the
organization.

Internal suppliers may include departments or teams within the same
organization, while external suppliers could be vendors, contractors, or third-
party providers.

External and internal suppliers: External suppliers are typically easier to
identify, as they are separate entities that provide raw materials, components,
or services to the organization.

Internal suppliers, on the other hand, may be less obvious but equally
important. These could include departments that provide information,
approvals, or resources necessary for the process to proceed.

Importance of suppliers in the process: Recognizing the importance of
suppliers is crucial because their performance and reliability can significantly
impact the quality of the inputs and, consequently, the outputs of the process.
By clearly identifying suppliers in the SIPOC diagram, teams can better
understand potential risks, dependencies, and areas for improvement in
supplier relationships and management.

Inputs

Inputs are the materials, resources, or information required for the process to
function properly. Accurately identifying and understanding the inputs is
crucial, as they directly influence the quality and performance of the process
outputs.

Key inputs for the process: When mapping a process using a SIPOC diagram,
it is essential to identify the key inputs that are critical to the successful
execution of the process. These inputs can vary depending on the nature of the

process, but they typically fall into three broad categories:
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Materials: This includes raw materials, components, or physical resources
required for the process, such as raw materials for manufacturing, ingredients
for food production, or office supplies for administrative processes.

Resources: These are the human, financial, or technological resources needed
to carry out the process effectively. Examples include skilled labor,
equipment, software, or financial capital.

Information: Processes often rely on accurate and timely information, such as
data, specifications, instructions, or requirements, to ensure proper execution
and decision-making.

Impact of input variation on outputs: It is crucial to recognize that variations in
the quality, quantity, or timing of inputs can have a direct impact on the
outputs of the process.

For example, if raw materials do not meet specified quality standards, the
resulting product may be defective or subpar. Similarly, if critical information
is incomplete or inaccurate, the process may produce incorrect or unsuitable
outputs, leading to customer dissatisfaction or rework.

By clearly identifying and understanding the inputs in the SIPOC diagram,
teams can pinpoint potential sources of variation or defects, enabling proactive
measures to control and improve input quality.

This, in turn, can lead to more consistent and higher-quality outputs,
aligning with the Six Sigma principles of reducing variation and enhancing
process performance.

Process

The “Process” component of the SIPOC diagram is the heart of the tool,
depicting the series of steps or activities that transform inputs into outputs.
Accurately mapping the process steps is crucial for understanding the current
state of the process and identifying potential areas for improvement.

Mapping the process steps: When creating a SIPOC diagram, it is essential to

map the process steps logically and sequentially.
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This involves breaking down the process into its constituent activities
or tasks, ensuring that no critical step is overlooked.

The level of detail captured in the process steps should strike a balance
between providing a high-level overview and capturing the essence of
the process flow.

High-level process flow: One of the key advantages of the SIPOC diagram is

its ability to provide a high-level process flow.

Unlike detailed process maps that delve into granular activities and
decision points, the SIPOC diagram focuses on the major steps that
drive the transformation of inputs into outputs.

This high-level perspective allows stakeholders to quickly grasp the
overall process and identify potential bottlenecks or areas for

optimization.

Limiting process steps: While there is no strict rule on the number of process

steps to include in a SIPOC diagram, it is generally recommended to limit the

steps to arange of 5 to 7.

This guideline strikes a balance between capturing the essential
elements of the process and maintaining simplicity and clarity in the
diagram.

Exceeding 7 steps may result in an overly detailed and cluttered
representation, defeating the purpose of a high-level overview.

By mapping the process steps effectively in the SIPOC diagram, teams
can visualize the flow of activities, identify potential inefficiencies or
redundancies, and determine opportunities for streamlining or
improving the process.

This lays the foundation for subsequent phases of the Six Sigma
DMAIC methodology, where more detailed process analysis and

improvement efforts can be undertaken.
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Outputs

The outputs component of the SIPOC diagram represents the end products,
services, or deliverables generated by the process under consideration. Clearly
defining and understanding the outputs is crucial for ensuring that the process
aligns with customer requirements and meets their expectations.

End products or services: Outputs can take various forms, depending on the
nature of the process. In a manufacturing setting, the outputs may be physical
products, such as automobiles, electronic devices, or consumer goods.

In a service-oriented industry, the outputs could be intangible services, such
as financial advice, healthcare services, or consulting solutions.

Outputs based on customer requirements: One of the fundamental principles of
Six Sigma is a customer-centric approach. As such, the outputs of a process
should be directly linked to and driven by customer requirements.

By clearly identifying the customers in the SIPOC diagram and
understanding their needs and expectations, teams can ensure that the outputs
are designed and delivered to meet or exceed those requirements.

Neutral and measurable outputs: When defining outputs in a SIPOC diagram,
it is essential to use neutral language and focus on measurable characteristics.

Outputs should be described objectively, avoiding subjective or value-laden
terms. Additionally, outputs should be defined in a way that allows for
quantitative measurement and analysis, enabling teams to track and improve
performance over time.

By accurately capturing the outputs in the SIPOC diagram, teams can
establish a clear target for their process improvement efforts.

This understanding enables them to identify potential gaps between the
current outputs and customer requirements, prioritize areas for improvement,
and implement changes that directly impact customer satisfaction and process

performance.
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Customers

The “Customers” component of the SIPOC diagram represents the individuals
or entities that receive and benefit from the outputs of the process. Accurately
identifying and understanding customers is crucial for ensuring that the
process delivers value and meets their expectations.

Internal and external customers: Customers can be classified as either internal
or external to the organization. Internal customers are individuals or
departments within the same organization that receive the outputs of the
process for further processing or use.

External customers, on the other hand, are those outside the organization
who are the ultimate beneficiaries of the process outputs, such as end-users,
clients, or consumers.

Customer requirements: One of the fundamental principles of Six Sigma is a
customer-centric approach, where processes are designed and optimized to
meet or exceed customer requirements.

In the SIPOC diagram, it is essential to clearly define and understand the
requirements of both internal and external customers. These requirements may
include specifications, quality standards, delivery timelines, or specific
functional or aesthetic attributes that the outputs must possess.

Voice of the Customer (VOC): The concept of “Voice of the Customer”
(VOC) is a critical aspect of Six Sigma and plays a significant role in the
SIPOC diagram.

e  VOC refers to the process of capturing and understanding the needs,
expectations, and preferences of customers through various data
collection methods, such as surveys, interviews, or focus groups.

e Incorporating VOC into the SIPOC diagram ensures that the process
outputs are aligned with customer requirements and expectations.

e By accurately identifying and understanding customers in the SIPOC
diagram, teams can prioritize their process improvement efforts to

deliver outputs that meet or exceed customer requirements.
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This customer-centric approach is at the core of Six Sigma, as it drives
continuous improvement and enhances customer satisfaction, ultimately

leading to increased competitiveness and business success.

4.5 Lead time/Cycle time

Cycle time, in the context of process optimization and workflow management,
refers to the total time taken to complete one cycle or iteration of a repeatable
process. It measures the duration from when active work begins on a task or
item until that work is finalized and ready to move to the next step.

The basic formula for calculating cycle time is:

Cycle Time = Total Active Working Time / Number of Items Completed
Tracking cycle time is crucial for identifying bottlenecks and inefficiencies
within your production or development workflows. By pinpointing where
work gets held up or slowed down, you can take targeted actions to boost
throughput and enhance overall efficiency.

Cycle time is a core concept inlean manufacturing principlesand
the Kanban methodology for agile project management. In Kanban,
visualizing cycle times on the Kanban board helps teams optimize their work-
in-progress (WIP) limits, ultimately improving flow and delivery speed.
Example: In a software development team using Scrum, the cycle time for a
user story could be measured from when a developer starts coding until that
story is completed, tested, and ready for deployment.

Lead Time

While cycle time focuses on active working periods, lead time takes a broader
view by measuring the total elapsed time from when a customer request or
work item is initiated until its final delivery or completion. Lead time
essentially encompasses cycle time within its calculation but also accounts for
periods when work is queueing, blocked, or waiting in buffers.

The typical formula for lead time is:

Lead Time = Total Time from Initial Request to Final Delivery
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Understanding and optimizing lead time is paramount in customer-centric

environments like supply chain management or service delivery. It directly

impacts an organization’s ability to meet customer expectations and service

level agreements (SLAs) in a timely manner.

A key distinction is that while cycle time is viewed from the producer’s

perspective, lead time aligns with the customer’s point of view on how long it

takes to fulfill their request or receive a product/service.

Example: For a furniture manufacturer, the lead time would span from when a

customer places an order to when that order is ultimately shipped and

delivered to their doorstep.

Cycle Time vs Lead Time

Definition
Importance

Factors Influencing Cycle Time

Time Metrics
in Process

Management

Figure 4.2

Definition
Importance

Factors Influencing Lead Time

Key Differences Between Cycle Time and Lead Time

To better grasp how cycle time and lead time differ, let’s compare them side-

by-side:
Aspect Cycle Time Lead Time
Time taken to complete one Total elapsed time fo deliver a
Definition iteration of a repeatable product/service from initial
process request
Encompasses only active Includes active work as well as
Scope

Perspective

Key Use

Calculation Method

working periods

Internal/producer point-of-view

Optimize internal workflows,
reduce bottlenecks

Total Working Time / Items
Completed
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periods of waiting/queueing

External/customer point-of-
view

Set accurate delivery
expectations, improve
responsiveness

Total Elapsed Time from
Request to Delivery



While cycle time is a powerful tool for streamlining your processes, lead time
takes precedence when it comes to keeping customers happy and maintaining
a competitive edge. Optimizing both metrics is essential for achieving true
operational excellence.

Example: In a Kanban system for managing software deployments, cycle time
would measure just the active periods of coding, testing, and approvals. Lead
time, on the other hand, would span the entire duration from when a
deployment request is created to when the completed version goes live.

By understanding the key differences between cycle time vs. lead time, you
can leverage the right metric at the right time — boosting efficiency with cycle
time while elevating customer satisfaction through optimized lead times.
Mastering Cycle Time and Lead Time Calculations
While the basic formulas for cycle time and lead time provide a good starting
point, taking a more advanced approach can yield deeper insights and
opportunities for optimization.

Let’s explore some next-level calculation methods and best practices.

Cycle Time and Lead Time
Calculations

Define Cycle
Time and Calculate Analyze
Lead Time Cycle Time Results

% &
(8 KA Ve

Gather Data Calculate Make
Lead Time Improvements

Figure 4.3
Advanced Cycle Time Calculations
Tie-in to Throughput, WIP Limits, and Little’s Law
In lean manufacturing and agile methodologies like Kanban, cycle time is
closely linked to key concepts like throughput (the number of items completed

per unit time) and work-in-progress (WIP) limits.
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According to Little’s Law, a fundamental principle in queuing theory, cycle
time is directly proportional to WIP and inversely proportional to throughput.
Cycle Time = WIP / Throughput
By carefully managing WIP limits and optimizing flow efficiency, teams can
effectively reduce cycle times, leading to faster deliveries and increased
productivity.
Complex Calculation Methods
While average cycle time gives you a general sense of your process
performance, more advanced statistical methods can provide better
predictability and opportunities for improvement:
Percentile Measurements: Instead of just the mean, analyze cycle times at
specific percentiles (e.g., 85th, 95th) to understand outliers and set more
accurate delivery targets.
Cycle Time Scatterplots: Visualize cycle time data points over time to identify
trends, abnormalities, and the impact of process changes.
Cycle Time Histograms: Frequency distributions can reveal multi-modality
(multiple peaks), potentially indicating distinct workflow phases or process
Versions.
Advanced Lead Time Calculations
Factoring in Wait Times and Queue Lengths
While cycle time focuses solely on active working periods, precisely
calculating lead time requires accounting for various forms of wait time and
queue lengths that can impact the overall duration:
e Order processing and material procurement delays
e Transportation and shipping times
e Blocked/starved resources due to upstream/downstream dependencies
e Buffers and batch delay accumulation at each process stage
Industry-Specific Formulas
Different industries may use specialized lead time calculation formulas based

on their unique workflows and constraints:
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Manufacturing Lead Time = Procurement Time + Production Run Time +
Move Time + Queue Time + Wait Time
Software Lead Time = Requirements Time + Design Time + Code Time +
Test Time + Deploy Time
Case Study: Automotive Lead Time Calculation
Consider an automotive manufacturer with the following process:
e Order Processing: 3 days
e Procurement of Raw Materials: 12 days
e Production Run: 6 days (2 shifts per day)
e Transfer to Distribution Center: 2 days
e Held in Queue at DC: 4 days
e Final Delivery to Dealer: 5 days
Total Lead Time=3+12+(6*2)+2+4 +5=232days
By breaking down lead time into its components, manufacturers can identify
delay points and implement targeted solutions like just-in-time logistics or

pulling work based on available capacity.

4.6 Pareto chart
The Pareto Principle, also known as the 80/20 Rule or the Pareto Analysis
Principle, is a cornerstone concept in Six Sigma. Named after Italian
economist Vilfredo Pareto, the principle states that 80% of the effects come
from just 20% of the causes. In the context of Six Sigma, this means that a
small number of issues, often referred to as the “vital few,” account for the
majority of problems. The remaining 80% of issues are called the “trivial
many” and typically have a lesser impact on the overall process.

According to SME Michaal Peasely (Trainer, United Training), “A Pareto
chart allows us to identify the root causes that are most frequently creating
defects. Eliminating defects that occur the most gives the effect of the biggest

bang for the buck in terms of improvement investments.”
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Understanding the 80/20 Rule is crucial for Six Sigma teams, as it helps them
focus their attention and resources on the most impactful issues. By targeting
the vital few causes, teams can achieve significant improvements in a process,
while avoiding the pitfalls of spreading their efforts too thinly across all
problems.

But how is this principle visually represented? That’s where the Pareto
Chart, also known as a pareto graph, comes into play. A Pareto Chart is a bar
chart, arranged in order of highest frequency to lowest frequency, showcasing
how frequent or impactful specific problems are. In other words, it’s a
graphical tool that helps quality improvement teams determine which
improvements will have the biggest effect. While a line graph can also display
data trends over time, the Pareto Chart specifically focuses on identifying the
most significant factors. Utilizing a pareto chart template can simplify the

process of creating this valuable visual aid.

Pareto Chart

A Pareto Chart is a bar chart that displays the most
significant types of defect occurances in decending order.

—

/ic:ummulative % of Defects

% of Defects

Frequency

Types of Defects

Figure 4.4
Creating a Six Sigma Pareto Chart
Creating a Pareto Chart involves three main steps: selecting relevant data and
categories, organizing and analyzing data, and visualizing the chart itself. The
process begins with selecting the right data and categorizing it based on the

issues you’re analyzing.
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Next, you’ll need to organize and analyze the data by calculating frequencies,
percentages, and cumulative percentages. Finally, the Pareto Chart is
visualized, making it easy for teams to identify the most common factors
leading to errors and prioritize their improvement efforts accordingly.
Selecting Relevant Data and Categories

The first step in creating a Six Sigma Pareto Chart is selecting the relevant
data and categories. This is crucial for ensuring that the chart accurately
represents the problem at hand and provides actionable insights. For a Six
Sigma Pareto Chart, you should use discrete data related to the issue you’re
analyzing, as it helps identify the most common factors causing an error and
the key drivers for the method being used.

Keep in mind that the minimum amount of existing data needed to create a
Pareto Chart is 30 entries. Collecting sufficient and accurate data is vital for
constructing a reliable and insightful chart. Remember, the quality of your
Pareto Chart is only as good as the data it’s based on.

Organizing and Analyzing Data

Once you’ve selected the relevant data and categories, it’s time to organize
and analyze the data. This involves calculating the frequency of observations
(how many cases or observations there are) and expressing it as a percentage.
Additionally, you’ll need to determine the cumulative percentage of each
value.

Arranging the values in descending order is crucial for a Pareto Chart, as it
shows the most important values at the top. By organizing and analyzing the
data in this manner, teams can easily identify the vital few causes that
contribute to the majority of problems, allowing them to prioritize their
improvement efforts effectively.

Visualizing the Pareto Chart
The final step in creating a Six Sigma Pareto Chart is visualizing the chart
itself. A Pareto Chart is usually shown as a histogram, ordered by frequency,

to show how much each factor or category contributes to the overall problem.
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This visual representation allows teams to easily identify the main sources of
variation or problems in a process, making it an invaluable tool for Six Sigma
project teams.

By visualizing the Pareto Chart, teams can quickly see all the factors causing
problems and focus on the ones causing the biggest disruption. This not only
helps prioritize improvement efforts, but also saves time, materials, and
resources by addressing the most critical issues first.

Real-World Examples of Six Sigma Pareto Charts

To demonstrate the practical applications of Six Sigma Pareto Charts, let’s
explore two real-world examples from different industries: manufacturing and
healthcare. These examples illustrate how Pareto Charts can help identify the
most common causes of problems in various contexts, guiding improvement
efforts and leading to better outcomes.

Manufacturing Example

(TBD visual representation of the following data)

Pareto Chart

40
35
30
25
20
15
10

Equipment Operator Power Material Maintenance
Malfunctions Errors Outages Shortages Delays

BN Frequency Cumalative %
Figure 4.5
In manufacturing, Pareto Charts can help identify the most common causes of

defects and prioritize improvement efforts. For example, this chart visually
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shows that equipment malfunctions are the most frequent cause, followed by
operator errors and power outages. By focusing on addressing equipment
malfunctions, the company can potentially have the greatest impact on
reducing downtime in their manufacturing process.

Hospitality Example

Pareto Chart

120% 45
100%
80%
60%
40%
20%
0%

Delay in Delay in Worst Undefined Askingfor  Arrogant Rooms
Room Room Food Charges Tip Staff Not Well
Service Allocation Cleaned

Figure 4.6
In the graphic above, room service delay is identified as the weakest link, so
efforts should be made to eliminate it first. If successful, this may reduce or
eliminate issues such as cold food that can result from the delay. As progress
is made, the data can be updated to re-identify the new weakest link in the
process. The iterative approach of using Pareto Charts ensures that resources
are being used efficiently and effectively to address the most pressing issues
first.
Common Pitfalls and Challenges in Using Pareto Charts
Inaccurate or Insufficient Data
Ensuring accurate and sufficient data is crucial for creating a reliable Pareto
Chart and avoiding misleading results. Inaccurate or insufficient data can lead
to incorrect conclusions, ineffective decision-making, and wasted time and
resources. To avoid these pitfalls, it’s essential to gather, sort, and study data
properly, ensuring that the data used in your Pareto Chart is both accurate and

complete.
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Misinterpreting the 80/20 Rule
Misinterpreting the 80/20 Rule can lead to focusing on the wrong issues or
neglecting important causes that fall outside the top 20%. A common
misinterpretation is that with only 20% of effort, you can get 80% of the
results, which is not necessarily true. The 20 and 80% numbers refer to the
causes and consequences you’re dealing with, not the amount of effort you’re
investing.

By understanding and correctly applying the 80/20 Rule, you can ensure that
your Pareto Chart analysis is accurate and effective. This clarity will enable
you to focus on the most significant issues and allocate resources

appropriately, ultimately leading to more impactful improvement efforts.

4.7 Cause and Effect matrix

A cause and effect matrix, also known as an X-Y diagram or prioritization
matrix, is a Lean Six Sigma tool, often taught insix sigma certification
programs, used to prioritize key process input variables (KPIVs) based on the
importance of customer outputs (KPOVSs). It helps establish correlations
between process inputs and customer outputs to guide root cause analysis and
process improvement efforts.

The key inputs are plotted against process results to identify which variables
have the greatest influence on performance or outcomes.

Specifically, a cause and effect matrix allows teams to quantify and rank
correlations between many potential root causes, called input variables or
process enablers, versus outcomes of a process, known as output variables or
process results.

By cross-multiplying the subjective importance rating given to output
metrics by the strength of impact relationships, an objective priority score
helps zero in on the vital inputs.

More About Cause and Effect Matrix

Cause and effect matrices are also referred to by several other common names:
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e X-Y Diagram

e Prioritization Matrix

e Correlation Matrix
The X-Y diagram name comes from plotting inputs (X’s) against outputs (Y’s)
on a chart. It is also used for prioritization based on the ratings and serves as a
visual representation of variable correlations.
Why Use the Cause and Effect Matrix?
The overarching purpose of developing a cause-and-effect matrix is to identify
the key process input variables (KPI1Vs) based on the priorities of customer
requirements or process outputs (KPOVS).

The key inputs filter down from a longer list of potential factors that may be
influencing the performance metrics. This aligns improvement or optimization
efforts on the elements that matter most.

Fundamentally, a cause-and-effect matrix brings together customer
priorities, process knowledge, and team insights to determine critical inputs
objectively. The quantified relationships guide data-driven decision-making on
where to focus.

When to Use a Cause and Effect Matrix

Cause and effect matrices have broad applicability for understanding the
drivers behind process performance and key outcomes. They bring an
analytical rigor to decisions on prioritizing improvement efforts.

Teams can leverage cause and effect matrices during various phases of Lean
Six Sigma projects when needing to identify vital inputs behind defects,
delays, variations, bottlenecks, or shortfalls in goals.

Root Cause Analysis

A common usage is during root cause analysis in the Measure and Analyze
stages, where six sigma green belt certified professionals apply the cause and
effect matrix to pinpoint core issues. By revealing the strong versus weak
relationships between inputs and outputs, the analysis points to potential core

issues behind problems.
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Prioritization in DMAIC Projects
The Measure phase more generally involves the discovery of critical inputs
and variables that influence metrics the project aims to improve, a
foundational concept introduced in six sigma yellow belt certification courses.
Teams can apply cause and effect matrices to cut through the complex web of
possible factors to hone in on the vital few using the KPOV and KPIV
approaches.
DOE Experiments
In the Design of Experiments during Improve stages, the cause and effect
matrix is valuable for screening designs to find the process variables and
interactions that may be most impactful to test. This aligns experimentation
around the factors likely to lead to breakthroughs.
Matrix Diagrams and FMEAs
The outputs of a cause and effect matrix also provide the basis for constructing
prioritized matrix diagrams and failure modes effects analysis (FMEA) in the
Analyze phases. The vital few inputs can be further analyzed for ways they
might fail and the effects.
How to Create a Cause and Effect Matrix
While cause and effect matrices may seem complicated at first glance, the
step-by-step process boils down to three main stages:

e Understanding customer needs and process results

e Detailing process inputs

e Evaluating and quantifying the input-output relationships
By methodically working through each element, teams develop an insightful
data-backed view into the vital few drivers tied to top priorities and outcomes.
Identify Customer Requirements
The first step involves connecting to the voice of the customer. What are the
key quantifiable metrics that matter most to customer satisfaction and loyalty?
Common examples include on-time delivery, first-pass yield, accuracy,

durability, mean time between failures, price, or cycle time.
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Assign Priority Scores to Outputs

With the critical customer needs and process results defined, rank their
importance on a 1-10 scale. 10 indicates extremely important factors, with
priority descending toward less crucial metrics. This quantifies the relative
weight or value of the business.

List Input Variables

Transition to detailing the process inputs, materials, settings equipment, and
other potential variables that influence the outputs. Brainstorm an exhaustive
list of Xs across the different stages of the process under review. Teams often
include members with six sigma green belt certification or higher to leverage
structured problem-solving expertise.

Assess Variable Relationships

Here teams review each input versus output combination and evaluate the
degree of correlation based on process knowledge and capacity analysis. Use a
0-1-3-9 scale to assign a rating, with 0 meaning no relationship and 9
indicating a very strong, direct relationship between the X and Y.

Calculate Correlation Score

Multiply the importance factor of each output by the relationship ratings
identified, then sum the scores for each input variable. This leads to composite
scores that reveal the weighted impact of each X on overall performance.
Rank Inputs

Finally, order the list by the correlation scores, with the highest at the top. The
vital few KPIVs emerge that drive KPOVs. Teams can proceed to optimize
these factors.

Cause and Effect Matrix Example

To illustrate how a cause-and-effect matrix works in practice, let’s walk
through an example applied to improving customer satisfaction ratings for the

coffee served at a truck stop chain.
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Business Case Background
The XYZ Truck Stop Chain has been struggling with declining customer
satisfaction scores around the coffee offering over the past several quarters.
Complaints mention the coffee sometimes tastes “burnt” or “bitter.” The
process owner assembled a project team to perform a root cause analysis and
improve taste consistency.
Outputs and Priorities
The team first identified three key coffee-related metrics for customers using
surveys and transaction data:

e Taste: Priority Score 10

e Temperature: Priority Score 8

e Time to Serve: Priority Score 5
Process Steps and Inputs
Next, they mapped out the high-level process steps involved in serving coffee
to customers:

e Fill the Coffee Carafe with Water

e Insert Coffee Grounds Filter

e Set Brewing Temperature

e Dispense Coffee

e Add Cream/Sugar

e Correlation Scoring
At each step, the team listed input variables that potentially influence the taste,
temperature, and time outputs. They then scored the correlation strength for
each input-output relationship from 0-9.

For example, the grind consistency, brewing time, and water quality were

believed to have a very strong impact on taste (score of 9), while the location

of the creamer had no influence (0).
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Results and Analysis

Tabulating the scores revealed the top three vital inputs were grind
consistency, brewing temperature, and water quality — which became the focus
areas driving customer satisfaction.

Benefits of Using a Cause and Effect Matrix

There are several valuable reasons why teams invest the time to develop cause
and effect matrices during continuous improvement initiatives:

Includes Customer Perspective

The very first step focuses attention on the vital few metrics that directly
impact customer satisfaction and priorities as the lens for the rest of the
analysis. This aligns improvements tightly with customer needs.

Visualizes Variable Relationships

The formatted grid structure provides a visual heat map of the higher versus
lower correlation areas guiding discussion and shared understanding. Patterns
emerge indicating relationships.

Provides Objective Prioritization

Rather than relying just on hunches or intuition, the numeric scoring
introduces objectivity using the combined wisdom of the team and process
insights. Vital few bubble up mathematically.

Focuses Data Collection

By revealing the critical Xs, the analysis prescribes where to
concentrate measurement system analysis and data acquisition. This efficiently
aligns with Six Sigma efforts. Advanced practitioners, such as those with six
sigma black belt certification, use these insights to design high-impact
experiments.

Identifies Critical Inputs

The result answers the fundamental question — what are the key process input
variables needing priority attention and control to substantially influence the

outputs? Action-oriented.
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Limitations of Cause and Effect Matrices

While using cause and effect matrices has many benefits, teams should also be
aware of inherent limitations and misapplications of the tool:

Subject to Expert Bias

e The relationship scoring relies heavily on subject matter expertise and

process familiarity.

e Unknown interactions or unintended consequences may lead to

underestimating critical variables while over-weighting trivial ones.

e Bias can skew outcomes.

Static View of Process

e The analysis provides a snapshot reflecting current knowledge and

assumptions. But processes continue to evolve dynamically.

e Without updating, cause and effect matrices grow stale and findings

show diminishing returns over time.

e Other limitations include a tendency toward paralysis by analysis if the

diagrams become extremely intricate mapping out all subtleties.

e This can slow down improvements waiting for perfect information.
Additionally, while identifying vital inputs, the tool does not provide solutions
or answers on how exactly to optimize them without additional analysis
methods or experiments.

By being cognizant of these constraints, teams can maximize benefits while
proactively addressing challenges that may emerge when overly relying on
cause-and-effect matrices alone to guide decisions. Revalidating with DOE

tests and inspecting suspected interactions uncovers hidden drivers over time.

4.8 FMEA
A failure mode is a chance for a process to go wrong. Or, to look at it another
way, it’s an opportunity for a defect or variation to occur in a product. Every

process has potential weak spots. If we can recognize these in advance, we go
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a long way toward minimizing the damage caused. That’s why FMEA is such
a handy tool.
Perform an FMEA when you’re:
e Setting up a new process before you start running it in a production
environment.
e Improving an existing process.
e Changing an existing process — for example, modifying the type of
material used.
e Looking for existing quality control (QC) issues within a process.
e The analysis can be of use in all of these situations.
Types of FMEA
Design (DFMEA)
A DFMEA focuses on a product or service. You’ll typically do these before
you put a new product or service into manufacture or when you change the
design of either. When you perform one, you look at potential failures, safety
issues, and regulatory concerns with the end product. Then, you rank the
severity of these. The next step is to find causes for those potential issues.

Use a DFMEA to minimize the effects of product failure on your customers.
By the end of your DFMEA, you should have strategies in place to correct all
design issues identified.

Process (PFMEA)

A PFMEA looks at a process. Unlike a DFMEA, it looks at the end product or
service only to find issues with the process that produced it. More commonly,
you’ll look at the output from the process instead. Why are these two things
different? Because most products and services are the result of multiple
processes, not just one. For example, a digital camera has many parts, each of
which is produced using at least one process—often more. To find an issue with
the shutter, for example, you’d look at processes that produce the shutter and

processes that fix the shutter into the camera.
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Start a PFMEA at or after the feasibility study and before production begins.
Typically, you’ll perform a PFMEA after the DFMEA, as the latter is focused
on design, and the PFMEA is focused on how you bring the design to life.
System (SFMEA)

It is also known as a functional FMEA (FFMEA). A System Failure Modes
and Effects Analysis looks at the entire system highly. When you perform one,
you look at things like the interrelationships between components and
processes. An SFMEA can be useful because problems don’t just occur within
processes or specific machines. They also occur between multiple processes or
machines.

Where possible, perform an SFMEA before the design phase. This helps you
anticipate and resolve issues that would otherwise affect your DFMEA.
Benefits and Impact of FMEA in Six Sigma DMAIC
FMEA acts like a guardian angel for production processes—it doesn't just
identify potential defects; it provides a roadmap for tackling them
systematically, efficiently, and with a sharp focus on the customer experience.
Let's uncover the invaluable benefits and impacts of employing FMEA within
the Six Sigma DMAIC framework.

Objective Measurements of Defects

FMEA is more than just a list of hypothetical "what-ifs"; it offers a precise,
methodical way to measure potential defects and quantify their probable
impacts. By doing so, it provides project teams with an empirical foundation
for problem-solving, enabling them to address issues based on hard evidence
rather than vague suspicions or assumptions.

This approach allows teams to evaluate and prioritize specific areas of
concern with clarity and confidence, ensuring that resources are directed
toward the most critical aspects of the production process.

Prioritizing Improvement Efforts
One of the significant advantages of FMEA lies in its ability to pinpoint high-

risk elements within production processes. By calculating risk priority
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numbers (RPN) based on factors such as occurrence, severity, and detection,
project teams gain insights into which issues pose the greatest threats to
quality, efficiency, and customer satisfaction.

By zeroing in on these higher-risk areas, organizations can concentrate their
improvement efforts where they matter most, enhancing the effectiveness of
their overall process enhancement initiatives. This targeted strategy helps
streamline resources and avoids wasting time and effort on less critical aspects
that would have minimal impact if improved.

Focus on Customer Impact

Addressing occurrence—the likelihood of a failure happening—has a
profound impact on customer experience, aligning strongly with Six Sigma's
core principle of driving process improvements based on customer feedback.

By acknowledging and addressing potential failures that could directly affect
customers, organizations demonstrate their commitment to delivering high-
quality products or services that meet or exceed customer expectations. This
approach elevates customer satisfaction, fosters brand loyalty, and strengthens
market competitiveness—a trifecta of benefits that solidify the pivotal role of
FMEA within the Six Sigma DMAIC methodology.

4.9 Brainstorming

Brainstorming in the DMAIC process is a creative problem-solving technique
used in both the Analyze phase to identify root causes and the Improve
phase to generate potential solutions. Key principles include encouraging
quantity over quality, deferring judgment, and promoting "out of the box"
thinking to build a comprehensive list of ideas before evaluation.

How brainstorming is used in DMAIC

Analyze phase: Brainstorming helps identify all potential root causes of a
problem by gathering diverse perspectives from the team. It can be used to
generate a list of factors that could be affecting a process or to develop a

hypothesis about the problem's origins.
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Improve phase: This is where brainstorming is most heavily utilized. After
root causes are identified, teams brainstorm a wide range of potential solutions
to address them. The goal is to create a large pool of ideas to choose from for
implementation.

Tips for effective brainstorming sessions

Quantity over quality: The initial focus should be on generating as many ideas
as possible, not on the quality of the ideas themselves.

No judgment: Defer all evaluation, criticism, or discussion of ideas until the
brainstorming session is complete. This encourages free thinking and "out of
the box" solutions.

Encourage wild ideas: The most innovative solutions often come from
unexpected ideas. Create a comfortable environment for even "half-baked"
suggestions.

Build on ideas: Encourage team members to "tag onto,” modify, or combine
existing ideas to expand on them.

Ensure participation: Make sure everyone has a chance to contribute. Manage
any individuals who dominate the conversation.

Set a clear goal: Start with a clear, focused question to keep the session on
track, such as "What are the potential root causes of late deliveries?".

What happens after brainstorming

Categorize and prioritize: After generating the ideas, techniques like
an affinity diagram are used to organize the brainstormed list into logical
groups and prioritize the most promising solutions.

Select the best solutions: The team then selects the most viable solutions from
the prioritized list for further testing and implementation.

Test and implement: Selected solutions are often pilot-tested on a smaller

scale before being implemented throughout the entire process.
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4.10 Nominal group technique

The Nominal Group Technique (NGT) represents a structured decision-
making method that organizations use to generate, prioritize, and evaluate
ideas within teams. This technique emerged in the 1970s when
researchers Andre Delbecq and Andrew Van de Ven developed it to enhance

group productivity and decision-making quality.

Nominal Group Technique

Idea Clarification

Figure 4.7
The Nominal Group Technique Definition

NGT functions as a voting-based system where team members first work
independently to generate ideas, then come together to discuss and rank these
ideas systematically.

The term “nominal” refers to the limited interaction between participants
during the initial ideation phase, setting it apart from traditional group
discussions.

Evolution In Six Sigma Applications
Six Sigma practitioners have adapted the Nominal Group Technique to solve
complex process improvement challenges. The method fits naturally within
the DMAIC framework, particularly during problem identification and

solution generation phases.
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Project teams use NGT to:

Define critical customer requirements
Identify potential process improvements
Select optimal solutions from multiple alternatives

Prioritize implementation strategies

Key Components Of The Process

The technique follows a structured format that includes silent ideation, round-

robin sharing, group discussion, and weighted voting. This systematic

approach ensures equal participation while minimizing the influence of

dominant personalities or organizational hierarchy.

Modern Adaptations For Today’s Teams

Digital tools have transformed how teams implement the Nominal Group

Technique. Virtual whiteboards, online polling systems, and collaboration

platforms enable remote teams to conduct effective NGT sessions while

maintaining the method’s core principles.

Integration of Nominal Group Technique with Lean Principles

Within Lean Six Sigma, NGT serves as a valuable tool for waste
elimination and process optimization.

Teams apply this technique to identify value-adding activities,
streamline workflows, and develop sustainable improvements.

The method’s structured nature aligns with Lean’s focus on systematic
problem-solving and continuous improvement.

Through careful application of NGT principles, organizations can
harness collective wisdom while avoiding common group decision-
making pitfalls.

This balanced approach leads to better solutions and stronger team

buy-in for implemented changes.

The Critical Role Of NGT In Six Sigma Problem-Solving

The Nominal Group Technique plays a vital role in Six Sigma projects by

providing teams with a structured approach to problem-solving and decision-

200


https://www.6sigma.us/training-classes/six-sigma/
https://www.6sigma.us/six-sigma-articles/kaizen-eliminate-waste/
https://www.6sigma.us/six-sigma-articles/kaizen-eliminate-waste/
https://www.6sigma.us/process-improvement/process-optimization/
https://www.6sigma.us/six-sigma-in-focus/sustainable-continuous-improvement/
https://www.6sigma.us/process-improvement/continuous-process-improvement-cpi/
https://www.6sigma.us/process-improvement/five-kinds-six-sigma-projects-process-improvement/

making. Project managers and Six Sigma practitioners regularly employ this
method to gather valuable insights and drive process improvements.
When To Use Nominal Group Technique (NGT) In Six Sigma Projects
Six Sigma teams turn to the Nominal Group Technique during crucial decision
points that require diverse perspectives and clear consensus.
The method proves particularly valuable when:

e Teams face complex technical challenges

e Projects require stakeholder buy-in

e Process improvements need prioritization

e Root causes remain unclear

Five Steps of Nominal Group

Technique
Step 1 - Idea Step 2 - Idea Step 3 - Idea Step 4 - Idea Step 5 - Idea
Generation Clarification Prioritization Selection Implementation
nitlal brainstorming Detailed explanation Ranking ideas based Choosing the best Putting selected
phase of ideas on importance deas ideas into action
| |i ) / |
— R —\ / -
Figure 4.8

Step 1: Problem Identification
The facilitator presents a clear problem statement to the group.
This step requires:
e Writing the problem on a visible board
e Ensuring all participants understand the issue
e Clarifying any technical terms or ambiguities
e Setting specific objectives for the session
Step 2: Silent Idea Generation

Participants work independently for 10-15 minutes to generate solutions.
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During this phase:
e Each person writes their ideas privately
e No discussion occurs between team members
e Participants focus on quantity over quality
e ldeas remain anonymous
Step 3: Round Robin Idea Sharing
Team members take turns sharing one idea at a time until all ideas are
recorded.
The process involves:
e Recording each idea on a central board
e Avoiding discussion or criticism
e Numbering ideas for easy reference
e Continuing until all ideas are shared
Step 4: Group Discussion And Clarification
The team reviews and discusses each recorded idea.
This phase includes:
e Asking questions for clarity
e Combining similar suggestions
e Eliminating duplicate entries
e Refining idea descriptions
Step 5: Voting And Prioritization
Participants rank or vote on the ideas using a predetermined system.
The steps include:
e Assigning ranking criteria
e Individual voting by participants
e Tallying the results

e Creating a prioritized list
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4.11 Multi-voting

Multi-voting in the DMAIC process isa group decision-making technique
used to prioritize a long list of potential root causes or solutions by having
each team member distribute a set number of votes among the options. It is
most commonly applied in the Analyze and Improve phases to help a team
quickly reach consensus and focus on the most important issues or the most
promising solutions for further evaluation.

How it works in DMAIC

Analyze Phase: After brainstorming potential root causes, multivoting is used
to narrow down the list to the most likely ones.

e The team creates a list of all identified potential root causes.

e Each team member is given a set number of votes to distribute among
the options, often by placing votes on the items they believe are the
most significant causes.

e The votes are tallied, and the options with the highest number of votes
are selected for further analysis.

Improve Phase: After brainstorming potential solutions, multivoting helps the
team select the best solutions to implement.

e The team creates a list of potential solutions.

e Using a voting method, such as giving each person a set number of
votes or using a weighted system, the team prioritizes the solutions
with the most support.

e The top-ranked solutions are then discussed in more detail to determine
the best one or ones to pilot test.

Benefits of using multi-voting

Faster consensus: It helps groups make quick decisions without getting bogged
down in endless discussions about every option.

Inclusivity: It gives a voice to all team members, including quieter ones, as

everyone can rank and vote for their priorities without pressure from others.
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Prioritization: It efficiently identifies the most critical issues or solutions from
a long list, allowing the team to focus its time and resources effectively.
Commitment: Because everyone participates in the voting process, there is
greater commitment to the final decision.

How to run a multi-voting session

Prepare: List all options on a flipchart or whiteboard and combine any
duplicates. Decide on the voting rules, such as how many votes each person
gets.

Vote: Have each person vote individually, distributing their votes among the
options based on their perceived importance.

Tally: Add up the votes for each option to see which ones received the most
support.

Discuss: Talk about the top-ranked items to understand why they were the
most popular and confirm they align with the project goals.

Decide: Use the results to select the options for the next stage of the DMAIC

process.

4.12 Check sheet

A check sheet isa data collection tool used in the Measure phase of
the DMAIC process, but it is also valuable in other phases to systematically
record data on defects, patterns, or events. It is a simple, table-based form
where observers mark a check for each occurrence to count and organize
information for later analysis, such as creating Pareto charts or histograms.
How check sheets are used in DMAIC

Define Phase: In the initial phase, check sheets can be used to validate that a
problem exists by collecting baseline data on customer concerns or current
process issues. This helps in accurately defining the problem statement and
scope.

Measure Phase: This is the primary phase for check sheets. They are used to

collect data on the frequency and type of defects, patterns of events, or

204


https://www.google.com/search?q=DMAIC+process&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.17671387j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfAB1EPHQfsnxVGLnMS4LstLZzO6GhMwQadFlp3Q85IyB4M7Y_yPZTxU9BVx-nw5ZEUvOyRzolPJ6VARMrzhC4-OGRYq0ANLgddFy0bmy8OwMZCq7fFHzHdFpAGZ8SYLjodXOeSs-6CCD1zk7c9wxpB7DNxWw33F3dzLwN56Y9nE5QlYtkOFaaFT6E9y-o3IhIDo&csui=3&ved=2ahUKEwip0JXx7J6RAxUXUWwGHYJ_KVgQgK4QegQIARAC
https://www.google.com/search?q=Pareto+charts&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.17671387j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfAB1EPHQfsnxVGLnMS4LstLZzO6GhMwQadFlp3Q85IyB4M7Y_yPZTxU9BVx-nw5ZEUvOyRzolPJ6VARMrzhC4-OGRYq0ANLgddFy0bmy8OwMZCq7fFHzHdFpAGZ8SYLjodXOeSs-6CCD1zk7c9wxpB7DNxWw33F3dzLwN56Y9nE5QlYtkOFaaFT6E9y-o3IhIDo&csui=3&ved=2ahUKEwip0JXx7J6RAxUXUWwGHYJ_KVgQgK4QegQIARAD
https://www.google.com/search?q=histograms&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.17671387j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfAB1EPHQfsnxVGLnMS4LstLZzO6GhMwQadFlp3Q85IyB4M7Y_yPZTxU9BVx-nw5ZEUvOyRzolPJ6VARMrzhC4-OGRYq0ANLgddFy0bmy8OwMZCq7fFHzHdFpAGZ8SYLjodXOeSs-6CCD1zk7c9wxpB7DNxWw33F3dzLwN56Y9nE5QlYtkOFaaFT6E9y-o3IhIDo&csui=3&ved=2ahUKEwip0JXx7J6RAxUXUWwGHYJ_KVgQgK4QegQIARAE
https://www.google.com/search?q=Define&rlz=1C1CHNY_enIN1030IN1030&oq=&aqs=chrome.0.69i59i450l8.17671387j0j7&sourceid=chrome&ie=UTF-8&mstk=AUtExfAB1EPHQfsnxVGLnMS4LstLZzO6GhMwQadFlp3Q85IyB4M7Y_yPZTxU9BVx-nw5ZEUvOyRzolPJ6VARMrzhC4-OGRYq0ANLgddFy0bmy8OwMZCq7fFHzHdFpAGZ8SYLjodXOeSs-6CCD1zk7c9wxpB7DNxWw33F3dzLwN56Y9nE5QlYtkOFaaFT6E9y-o3IhIDo&csui=3&ved=2ahUKEwip0JXx7J6RAxUXUWwGHYJ_KVgQgK4QegQIAxAB

potential causes of problems. The data collected here is crucial for
understanding the current state of the process.

Analyze Phase: The data from the check sheets is analyzed during this phase
to identify root causes. Check sheets help in identifying which defects are
most frequent, which can then be visualized using tools like Pareto charts.
Improve and Control Phases: Check sheets can also be wused in the
Improvement and Control phases to collect data during pilot tests, confirm the
effectiveness of implemented solutions, and monitor the process over time to
ensure improvements are sustained.

Key features and benefits

Systematic data collection: They provide a structured format for collecting
data, ensuring consistency.

Easy to use: Anyone can use them, making data collection accessible to non-
specialists.

Real-time data: Data is collected at the source ("Gemba") as events occur.
Reduces bias: They help move from opinions to facts by collecting objective
data.

Foundation for other tools: The data collected is often used as the input for

creating other quality tools like histograms, Pareto charts, and control charts.

4.13 Gauge R&R

A gage, in this context, is a tool for measurement. A gage could be simple,
like calipers and rulers. Or it could be a complex piece of machinery. It could
even be a piece of software.

Gage R&R focuses on two key aspects of measurement:

Repeatability: Repeatability is the variation between successive
measurements of the same part or trait by the same person using the same
gage. In other words, how much variation do we see in measurements taken by

the same person, on the same part, using the same tool?
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Reproducibility: Reproducibility is the difference in the average of the
measurements made by different people using the same instrument when
measuring the identical characteristics on the same part. In other words, how
much variation do we see in measurements taken by different people on the
same part using the same tool?

Looking at these two metrics helps us to understand variation in our
measurements. When we understand it, we can combat it.

Why is Gage Repeatability and Reproducibility Important?

Gage Repeatability and Reproducibility measure the amount of variability in
measurements caused by the measurement system itself. Then, it compares
this variability with the total to determine the actual variability of the
measurement system. Gage R&R is very important when new workers are
assigned; new tools are used, or any significant process changes.

For example, imagine a situation where our performance metrics show a
serious problem in our manufacturing process. We spend a lot of time and
money trying to fix it and improve the performance of a process. But we’d
have noticed serious measurement variations if we’d spent some time looking
at gage repeatability and reproducibility instead. The problem wasn’t in the
process at all; it was in the measurements. Checking this first would have

saved time, money, and stress.

Frequency

Total Variation: TV=PV" + GRR
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Part Variant : PV
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Variation is made up of part and gage variation.
Image from Bo-ci-an under CC-BY-SA 3.0.
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Types of Gage Repeatability and Reproducibility Study

Based on the available data and data type, there are basically three types of
Gage R&R available:

Crossed Gage R&R

Select crossed-gage R&R when each operator measures each part, and it must
have a balanced design with random factors. It is used for non-destructive

testing.

Technician 1 Technician 2

P1 P2 P3 P4 P5 Fé

Figure 4.10
Nested Gage R&R
Select nested gage R&R when only one operator measures each part. It is used
for destructive testing. Since it is not crossed with other factors, it is called

nested gage R&R. It must have a balanced design with random factors.

Technician 1 Technician 2
P1 P2 P3 P4 P5 P6
Figure 4.11

Expanded Gage R&R
Select expanded gage R&R when we need to include more factors (maximum
of eight) than operator and part. Typically crossed and nested deal with only

two factors (operator and part). Design can be balanced or unbalanced.
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Figure 4.12

Methods to Perform Gage Repeatability and Reproducibility Study
There are basically three methods that exist to perform Gage R&R:

e Range method

e Average and range method

e Analysis of variance method
Range Method: The range method will provide a quick approximation of
measurement variability but does not compute the measurement system
repeatability and reproducibility separately.
Average and Range method: The Average and Range method quantifies the
measurement system’s variability and provides repeatability, reproducibility,
and part variation. Only crossed Gage R&R can be performed with the
Average and Range method.
Analysis of Variance method: It is the most widely used and accurate method
for measurement system repeatability and reproducibility. It also quantifies the
variability of the interaction between the operator and the parts. Gage R&R

(crossed, nested, and expanded) can be done with the ANOV A method.

4.14 Run Charts
A run chart is a line chart of data plotted over time. In other words, a run chart

graphically depicts the process performance or data values in time order.
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Viewing data over time gives a more accurate conclusion rather than just
summary statistics.
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Figure 4.13
A run chart is also known as a trend chart or a time series plot. Usually, run
charts are used in the measure phase of the DMAIC project and it helps to
identify trends or shifts in the process and allows testing for randomness in the
process.
Why use a run chart
A run chart is used to determine whether or not the central tendency of the
process is changing. Following are a few reasons to use a run chart
e Easy to construct
e [t does not require too many calculations or software’ for analysis.
e Easy to interpret the results
e Minimum statistical knowledge is sufficient to draw and interpret the
chart
When to use run charts
e To visually depict how the process is performing
e Effectively track and communicate improvements (and determine
success)
e To identify process variation and avoid unbiased actions

e Display outputs to look for stability or instability
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Key components of Run Chart

Time- series: the specific time period of the output (hours, days, weeks,
months); plotted on the horizontal (X) axis

Output: The data measurement from the completed process; plotted on the
vertical (Y) axis

Data points: output values plotted on the chart

Median line: the line on the graph that shows the average of all the output
measure.

Run chart interpretation rules

The following paragraphs are the run chart decision rules used to avoid
inaccurate analysis and initiate appropriate improvement actions:

Shift: — Seven or eight values in succession above or below the median line is
a shift. Do not consider the points that fall on the median line as they are not

toward or against the shift. A shift indicates a dramatic change in the process.
8 or more consecutive

points below or above the
median line

Data Points /

\ TR

Median line

Output —>

Hours =
Figure 4.14

Runs — Too many or too few runs in the data displayed on the chart. In other
words, one or more consecutive points are all lying on the same side of the

line. Ignore the points exactly on the line!
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Figure 4.15
Clustering — Too few runs or groups of points in one or more areas of the plot.

It indicates measurement or sampling problems.
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Figure 4.16
Trend — Seven or more consecutive points are increasing or decreasing. A
basic rule of thumb is when a run chart exhibits seven or eight points
successively up or down, then a trend is clearly present in the data and needs
process improvement. This rule does not care whether the consecutive points

are above, below, or crossing the median.
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Figure 4.17
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Mixtures — Too many runs in a chart with absences of points near the median

line.
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Figure 4.18

Output =3

Astronomical Point — Astronomical points occur when there is one value that

is very different from the other data values on the chart. It would be a value

that is highly unlikely to occur again and would appear as an outlier.

Data Points
'}"”\/kk‘/\ »
| v
W 1 Astronomical Point /
g/ Median line

Hours =——>

Output =—>

Figure 4.19

How to create run chart

Determine the data to be measured

Obtain the data — collect a minimum of 10 to 15 data points in a time
sequence.

Plot a graph with a time sequence in the horizontal x-axis (like, hours,
days, weeks) and a vertical y-axis with measuring variables.

Plot the data values in a time sequence

Compute the mean/median and draw a horizontal line in the graph
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e Analyze the graph, and observe the trends and patterns to detect special

cause variation in the process

4.15 Control Charts

In Six Sigma, control charts are graphical tools used to monitor a process's
stability and performance over time by plotting data points against a central
line and upper/lower control limits. They are critical for distinguishing
between common cause variation (natural, expected fluctuations) and special
cause variation (unusual, unexpected events). By identifying special cause
variation, businesses can take immediate action to correct problems, while
common cause variation helps in evaluating the need for more significant

process improvements.
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Figure 4.20

Key functions of control charts in Six Sigma

Process Stability: They help determine if a process is stable and predictable,
which is crucial for sustaining improvements.

Variation Detection: They identify special cause variation, which indicates a
potential problem that needs immediate attention to bring the process back
into control.

Quantifying Variability: They measure process variability, providing a basis

for efforts to reduce unnecessary variation.
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Validating Improvements: They are used to verify that the solutions
implemented in a project have resulted in sustainable improvements.
Visual Representation: They provide a clear visual representation of process
behavior over time, making it easier to spot trends and shifts.
Components of a control chart
Data Points: The quality characteristics of a process plotted over time.
Center Line: Represents the average (mean) of the process statistic across all
samples.
Upper Control Limit (UCL): The upper threshold for acceptable variation,
typically set at three standard deviations above the center line.
Lower Control Limit (LCL): The lower threshold for acceptable variation,
typically set at three standard deviations below the center line.
Types of control charts
The type of control chart used depends on the type of data being measured:
For Continuous Data:

e |-MR Chart: Individual and Moving Range chart

e X-Bar R Chart: X-Bar and Range chart

e X-Bar S Chart: X-Bar and Standard Deviation chart

e For Discrete (Attribute) Data:

e P Chart: Proportion of defective items

e Np Chart: Number of defective items

e C Chart: Number of defects

e U Chart: Number of defects per unit

4.16 Scatter plots

A Scatter Analysis is used when you need to compare two data sets against
each other to see if there is a relationship. Scatter plots are a way of
visualizing the relationship; by plotting the data points, you get a scattering of
points on a graph. The analysis comes in when trying to discern what kind of

pattern (if any) is present and what that pattern means.
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Scatter plots only show correlation. They do not prove causation. The example
often used is shark attacks and ice cream sales. The two may be correlated, but
ice cream does not cause shark attacks, the heat of the day does. In other
words, more people are in the water on hot days when shark attacks occur, and
more people are buying ice cream.

How to Make a Scatter Diagram:

1. Collect sets of data where a relationship is present.

2. Draw a graph in the shape of an “L,” and make the scale even multiples
(i.e., 10, 20).

e Place the independent variable on the horizontal (X) axis.

e Place the dependent variable on the vertical (YY) axis.

e Place a dot or a symbol where the x-axis value intersects the y-axis
value.

e If two dots fall together, place them side by side so they are touching
and both are visible.

3. Review the pattern of points to determine if a relationship is present:

e Stop if the data forms a line or a curve, as the variables are considered
correlated.

e Use regression or correlation analysis, if necessary. If regression or
correlation analysis is not needed, complete steps four through seven
below.

4. Divide points on the graph into four equal sections. If X points are present
on the graph:

e Count X/2 points from top to bottom and draw a horizontal line.

e Count X/2 points from left to right and draw a vertical line.

e If the number of points is odd, draw a line through the middle point.

5. Count the points in each quadrant.
Benefits of Scatter Diagram
e Scatter diagrams visually represent data points, making it easy to

understand the relationship between two variables.
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e The patterns, trends, or correlations in a scatter plot is valuable for
decision-making

e Scatter plots can reveal clusters or groups within the data.

e Easy to identify the outliers, or data points using scatter diagrams.

e Help in identifying potential cause-and-effect relationships between
variables, supporting root cause analysis.

e In manufacturing, scatter diagrams are generally used to assess
whether a process is in control or needs improvement.

e Scatter diagrams are used to make predictions or forecasts based on
observed data trends.

4.17 ANOVA
Analysis of Variance (ANOVA) is a parametric statistical technique used to
compare data sets. This technique was invented by R.A. Fisher; hence, it is
also referred to as Fisher’s ANOVA. It is similar to techniques such as t-
test and z-test to compare means and also the relative variance between them.
Similarly, a t-test can be used to compare two sample means. What if we want
to compare more than two means? Analysis of variance (ANOVA) is best
applied where more than 2 populations or samples are meant to be compared.
It is used to test the statistical significance of the relationship between a
dependent variable (“Y”’) and single or multiple independent variables (“X’s”).
Types of ANOVA
One-way

e Measures single factor from multiple sources

e Uses only one technician / one measurer
Two-way (without replicates)

e Measures 2 factors

e Uses only one technician (unless technicians are one of the factors)
Two-way (with replications)

e Measures 2 factors but has multiple repetitions of each combination.
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e Uses only one technician (unless the technicians are one of the factors)
ANOVA Sum of Squares Correction Factor

e Grand total of all runs (G) = XX

e N= Total number of runs

e Correction factor (CF)=(£X)2 /N = (G)2 /N
Terms used in ANOVA
Degrees of Freedom (df): The number of independent conclusions that can be
drawn from the data.
SSFactor: It measures the variation of each group’s mean to the overall mean
across all groups.
SSError: It measures the variation of each observation within each factor level
to the mean of the level.
Main effect: A main effect is an effect where the performance of one variable
is considered in isolation by neglecting other variables in the study.
Interaction: An interaction effect occurs where the effect of one variable is
different across levels of one or more other variables.
Mean Square Error (MSE): The mean square of the error (MSE) is divided by
the sum of squares of the residual error by the degrees of freedom.
F-test Statistic: The null hypothesis that the category means are equal in the
population is tested by F Statistic based on the ratio of mean square related to
X and mean square related to the error.
P-value: It is the smallest level of significance that would lead to rejection of
the null hypothesis (Ho). If a = 0.05 and the p-value < 0.05, then reject the
null hypothesis. Similarly if the p-value > 0.05, then fail to reject the null
hypothesis.
Analysis of Variance (ANOVA) has three types:

e One-way analysis

e Two-way analysis
K-way analysis: K-Way ANOVA can be two-way ANOVA or three-way
ANOVA, or multiple ANOVA
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One way ANOVA
One-way ANOVA (one-way analysis of variance) is a statistical method to

compare the means of two or more populations.
Assumptions of One-way ANOVA

The sample data drawn from k populations are unbiased and
representative.

The data of k populations are continuous.

The data of k populations are normally distributed.

The variation within each factor or factor treatment combination is the
same; hence, it is also called homogeneity of variance.

Finally, the variances of k populations are equal.

Steps for Computing one-way ANOVA:

Establish the hypotheses. HO: pl= u2= u3 and H1: At least one group
means differs from the others.

In ANOVA, the total variance is subdivided into two independent
variances: the variance due to the treatment and the variance due to

random error.

4.18 Regression analysis

Regression analysis serves as a statistical method that identifies relationships

between variables in Six Sigma projects. This powerful tool helps quality

professionals predict outcomes and optimize processes by analyzing how

changes in one variable affect another.
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When implemented correctly in Six Sigma initiatives, regression analysis
reveals hidden patterns and correlations that drive process improvements. The
technique quantifies relationships between input variables (predictors) and

output variables (responses), enabling teams to make data-backed decisions.

Regression Analysis in Six
Sigma

{- 1 Identifying
} U Relationships

Predicting Outcomes
Regression Analysis

Data-Driven Decisions

Process Improvement

Figure 4.22
Key Applications of Regression Analysis in Six Sigma
Quality teams use regression analysis throughout the DMAIC (Define,
Measure, Analyze, Improve, Control) methodology. During the Analysis
phase, this statistical approach pinpoints root causes of defects and variations.
The Improve phase leverages regression models to validate solution
effectiveness before full implementation.

Modern Six Sigma projects increasingly rely on regression analysis for real-
time process monitoring and predictive analytics. Software tools now
automate complex calculations, allowing practitioners to focus on interpreting
results and driving improvements.

Types of Regression Analysis
Six Sigma practitioners employ several regression analysis methods based on
project requirements and data characteristics.

Simple linear regression examines relationships between two variables,

while multiple regression handles complex processes with numerous inputs.
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Linear regression models straight-line relationships between variables, making
it ideal for basic process improvements.
Nonlinear regression tackles more complex relationships, often found in
chemical processes or advanced manufacturing operations.
Logistic regression addresses scenarios with binary outcomes, such as
pass/fail testing or defect prediction.
This method helps quality teams forecast probabilities of specific events or
outcomes in their processes.
Common Regression Methods in Six Sigma
e Simple Linear Regression: Models basic cause-and-effect relationships
e Multiple Regression: Analyzes multiple input variables simultaneously
e Polynomial Regression: Handles curved relationships between
variables
e Logistic Regression: Predicts binary outcomes in processes
Practical Application of Regression Analysis
Quality teams apply these mathematical concepts through statistical software,
focusing on interpretation rather than manual calculations. Modern tools
automate complex computations, allowing practitioners to concentrate on:
e Selecting appropriate regression models
e Interpreting statistical outputs
e Making data-driven decisions
e Implementing process improvements
Understanding these fundamentals enables Six Sigma practitioners to
effectively use regression analysis for process optimization and quality

improvement initiatives.

4.19 Time trap analysis
Time traps are hidden inefficiencies within your workflows that consume
resources without adding value. These invisible productivity drains can

manifest in various forms, from unnecessary approval steps to poorly designed
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communication channels. The challenge lies not in their impact, which is often
substantial, but in their ability to blend seamlessly into everyday operations.
Most organizations operate with processes that evolved organically over time.
As businesses grow and adapt, layers of complexity accumulate. What once
served a purpose may now simply create bottlenecks. The key to improvement
lies in systematic analysis and identification of these problematic areas.
The Role of Lean Six Sigma in Time Analysis
When addressing time inefficiencies, lean six sigma methodologies provide a
structured framework for identifying and eliminating waste. This powerful
combination of lean manufacturing principles and Six Sigma statistical
methods offers organizations a data-driven approach to process improvement.
Lean six sigma focuses on eight types of waste, commonly remembered by the
acronym DOWNTIME:

e Defects that require rework

e Overproduction of goods or services

e Waiting periods between process steps

e Non-utilized talent or resources

e Transportation inefficiencies

e Inventory excess

e Motion that does not add value

e Extra processing beyond requirements
Each of these waste categories directly impacts time efficiency. By applying
lean six sigma principles, organizations can systematically identify which
types of waste consume the most time within their specific processes.
Common Time Traps to Investigate
While every organization faces unique challenges, certain time traps appear
with remarkable consistency across industries and sectors.
Communication Bottlenecks
Poor communication structures force employees to spend excessive time

seeking information, clarifying requirements, or correcting misunderstandings.
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When communication channels are unclear or information is siloed, simple
tasks expand to fill hours rather than minutes.

Approval Overload

Many processes accumulate approval requirements over time as organizations
attempt to manage risk. However, each approval step introduces waiting time.
Evaluate whether every approval truly mitigates risk or simply represents
organizational inertia.

Technology Friction

Systems that should streamline work sometimes create obstacles instead.
Manual data entry between disconnected systems, counterintuitive software
interfaces, and unreliable technology all drain time from productive activities.
The cumulative impact of these small frustrations compounds throughout the
workday.

Meeting Proliferation

Meetings represent one of the most pervasive time traps in modern
organizations. Poorly planned meetings with unclear objectives, unnecessary
attendees, and lack of structure transform potentially productive time into
wasted hours. Analyze meeting frequency, duration, and effectiveness as part
of your time trap investigation.

Rework and Error Correction

Time spent fixing mistakes or redoing work represents pure waste. High defect
rates indicate upstream process problems that require attention. Whether
caused by unclear requirements, inadequate training, or flawed procedures,
rework consumes resources that could otherwise drive progress.
Methodologies for Identifying Time Loss

Several analytical approaches can help pinpoint where your processes lose
time.

Time and Motion Studies

This classic industrial engineering technique involves observing and recording

the time required for each process component. While labor-intensive, time and
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motion studies provide precise data about where time actually goes versus
where you think it goes.

Value Stream Mapping

This lean six sigma tool visualizes material and information flow through
processes. Value stream maps distinguish value-adding activities from non-
value-adding activities, making time traps immediately apparent. The visual
format facilitates discussion and helps teams reach consensus about
improvement priorities.

Statistical Process Control

By applying statistical methods to process timing data, you can identify
variations that signal underlying problems. Processes should demonstrate
consistency. Significant variation indicates instability that typically correlates
with hidden inefficiencies.

Customer Journey Mapping

Examining processes from the customer perspective reveals delays that impact
service delivery. This outside-in view often uncovers time traps that internal
analysis misses because they occur at organizational boundaries or handoff
points.

Tools and Technologies for Time Analysis

Modern technology offers powerful capabilities for tracking and analyzing
time usage. Process mining software analyzes digital footprints left in business
systems to create accurate process models. These tools reveal the actual
process flow, including exceptions and variations that manual documentation
often misses.

Time tracking applications provide granular data about how employees
allocate their work hours. When implemented transparently and used for
process improvement rather than surveillance, these tools generate actionable
insights. Project management platforms with robust reporting capabilities
allow you to analyze task duration patterns across multiple projects,

identifying recurring bottlenecks and timing issues.
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4.20 Mistake proofing

Poka-yoke, which translates from Japanese as “mistake-proofing”, refers to
techniques for preventing defects by designing processes that make errors
nearly impossible to commit. As engineer Shingo realized, rather than blaming
workers for inevitable human mistakes, better results come faster from
changing systems to guide actions correctly.

Applied as part of continuous improvement initiatives like Six Sigma and
Lean, poka-yoke enables identifying root causes of problems and empowers
frontline workers to fix issues as they arise.

This mistake-proofing culture increases quality and productivity gains over
time across the organization. There are many benefits like a20%
improvement in customer satisfaction with successful implementation.

Implementing Poka Yoke in Six Sigma
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Figure 4.23

Applying poka-yoke entails redesigning processes to reduce variation from

human error and make the desired outcome inevitable.

Shigeo Shingo outlined a five-step methodology for instilling mistake-
proofing:

Step 1: Identify Critical Defects and Root Causes

The starting point targets pinpointing high-priority defects to eliminate — ones

resulting in costly quality issues, rework, delays, or safety risks.
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By asking “why” five times (a Lean tool called 5 Whys analysis), teams
uncover root causes and prioritize addressing ones linked to human mistakes.
Process mapping provides visualization of each step.

Step 2: Redesign Process to Avoid Identified Errors

In the improvement phase, redesign the process to remove steps where errors
originate and introduce mechanisms that cue proper performance.

This guides operators, equipment, and materials to the correct work sequence
and outcome. Consider potential failure modes when developing
countermeasures.

Step 3: Incorporate Controls and Alerts

Insert visual indicators, alarms, system logic, hardware mechanisms,
operational sequences, or structured procedures that either prevent errors or
instantly alert that one occurred.

This makes problems visible for quick intervention versus hidden defects
detected only later downstream.

Step 4: Validate Proof of Concept

Conduct testing to confirm the integrated mistake-proofing features reliably
halt or warn of attempts to vary from set parameters across expected
conditions.

Refine limits or operations until attaining robustness.

Step 5: Expand Implementation

With confidence in the effectiveness of critical defects, broaden the mistake-
proofing controls across applicable processes to widen the impact.

Continual improvement fosters upgrading standards over generations.

When performed diligently, poka-yoke system redesigns significantly increase
productivity, reduce waste, lower costs, and sustain gains.

Embedded error prevention empowers people to achieve high quality reliably.
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Types of Poka Yoke in Six Sigma
poka-yoke mechanisms fall into two main categories: control types that
automatically stop the process when an error occurs, and warning types that
detect the error but rely on the operator to initiate correction.
Within these two branches, several methods apply for preventing mistakes.
Control Poka-Yoke
Control poka-yoke automatically interrupts the process when it encounters
something wrong, not allowing progress until the defect gets corrected.
This acts as foolproof prevention by making errors impossible within the
designed specifications.
Some examples include:

e The assembly line shuts down if a part gets skipped

e Transaction voids if required data fields get omitted

e System locked if test performed out of sequence

e The process cannot proceed until fixing the flagged issue, forcing

errors to the surface.

Warning Poka-Yoke
Warning poka-yoke detects an error but relies on the operator to initiate
correction before allowing the process to continue. Warning signals commonly
use visual or audible alerts.
Examples involve:

e The dashboard light indicates a low fluid level

e Alarm sounds for uncovered manhole

e Email notification of order discrepancy
While less foolproof than control methods, warning poka-yoke still exposes
errors that may otherwise go unnoticed until creating downstream defects.
Input Checking
Input checking validates that information entered into a system matches
predetermined criteria, preventing entry errors upfront. Common applications

include:
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e Data field validation for date formats, text lengths, and numeric ranges

e Testing user credentials before system access

e Product codes checked against an approved list

e Automatic prompts for missing entries
Successive Checking
Successive checking performs incremental audits between process steps to
verify acceptable outcomes before further work gets based on faulty results.
This regulates quality closer to the source by not allowing deviations to
propagate. Examples include:

e Inspection of welds before assembly

e Code reviews before software release

e Approving batch records before distribution
Applying input checking and successive checking facilitates early detection at

critical control points.

4.21 Kaizen

Six Sigma has been proven to be a powerful approach to dealing with product
variations and defects. Six Sigma relies primarily on statistical analysis to
deliver results for customers. It strives to eliminate waste and create a business
model that is error-free.

Kaizen, on the other hand, goes far beyond data acquisition and tools.
Kaizen is a Japanese term that means ‘“continuous change is better for
exponential growth”. Kaizen is not based on statistics. It helps people to see
the differences in the company and understand the loopholes. Collaboration
and cooperation are encouraged. This makes the organization more resilient
and helps to make it more sustainable
The primary elements of Kaizen
Kaizen is a four-pronged approach to improving people’s thinking about their
business models. These principles revolve around encouragement,

participation, and quality improvement.

227


https://sixsigmadsi.com/what-is-six-sigma/
https://sixsigmadsi.com/glossary/defectives/
https://sixsigmadsi.com/what-is-lean/

Teamwork

With the right team, you can achieve your ultimate goal. Partnerships foster
trust and compassion among all team members. Each member of the team is
encouraged to take responsibility and come wup with new ideas.
Communication is another aspect that requires a team effort. Every member of
the group should feel excited when others share their values and customs.
Respect and individual preferences are important for everyone.

Quality Circles

Kaizen workshops involve teams that work on quality control. To provide
feedback and corrections to the project’s implementation plans, a small circle
or group is created. These employees tend to feel more empowered and more
inclined towards their jobs when they form them. Employees can form quality
circles to take advantage of opportunities and be active in the company. They
also demonstrate their ability in solving difficult problems.

Five S Framework

For enhancing the existing work culture, the “Five S” framework can be used.
It establishes rules and regulations that foster healthy relationships between
employees and managers. This principle is central to Kaizen. It focuses on
customer satisfaction as well as employee satisfaction. Although this may
seem like a lot of work, there is always room for improvement. This
framework is built on self-discipline. Respect for the policies of the
organization and their work procedures can have a major impact on their
discipline.

Improvement suggestions

Kaizen is about using the suggestions of all members. Their ideas are more
valuable than any technical tool. In this instance, the designation does not
determine value. Every individual has the duty and right to make small, but
significant improvements to his or her business. Kaizen values change, but not

their volume. It is the participation and contribution that matter most.
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4.22 Setup Time Reduction (SMED)

Setup Time Reduction (SMED) isalean Six Sigma methodology to
dramatically cut down equipment changeover times, ideally to under ten
minutes. It involves systematically converting as many setup steps as possible
from "internal™ (requiring the machine to be stopped) to "external” (done
while the machine is still running), and then streamlining the remaining
internal steps. By reducing downtime, organizations can increase flexibility,
throughput, and efficiency while lowering costs.

The SMED process

The core of SMED is a systematic, iterative process for analyzing and
improving changeovers.

Step 1: Separate Internal and External Setup

Record the current setup process and distinguish between steps that can only
be done when the machine is stopped (internal) and those that can be
performed while the machine is still operating (external).

Step 2: Convert Internal to External Setup

Analyze the internal steps and find ways to perform them before the machine
stops.

Examples include preparing tools and dies in advance, using multi-purpose
fixtures, or pre-positioning materials.

Step 3: Streamline and Shorten All Setup Operations

For the remaining internal steps, find ways to perform them faster by
eliminating unnecessary actions and streamlining the process itself.

This can involve using quick-release mechanisms, organizing tools (like in a
5S shadow board), standardizing steps, and simplifying adjustments.

Speed up external tasks as well to further reduce the overall time.

Step 4: Repeat the Process

Continuous improvement is key. After one cycle, reassess the process to find

new opportunities for further reductions.
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Benefits of SMED

Increased Flexibility: The ability to switch products quickly allows a company
to respond more effectively to customer demands.

Higher Throughput: Less time spent on changeovers means more time for
production, leading to greater output.

Reduced Costs: Faster setups lower labor and energy costs associated with
production downtime.

Shorter Lead Times: Quicker changeovers can lead to faster product delivery.

4.23 TPM

In Lean Six Sigma, TPM (Total Productive Maintenance) is a methodology for
improving equipment efficiency and preventing waste like breakdowns,
defects, and accidents. It involves integrating maintenance into standard
operations and empowering all employees to take ownership of equipment
care, which complements Lean Six Sigma's broader goals of waste elimination
and process improvement.

Key principles and goals of TPM in Lean Six Sigma

Goal of "perfect production™: TPM strives for a state with no breakdowns, no
stops or slow running, and no defects or accidents.

Holistic approach: It integrates equipment maintenance into daily operations
and relies on the commitment of all employees, not just the maintenance
department.

Maximizing equipment effectiveness: By systematically reducing major losses
such as downtime, minor stops, and defects, TPM maximizes a machine's
operational efficiency.

Foundation for Lean Six Sigma: TPM provides a stable and reliable
production base upon which Lean Six Sigma projects can build and achieve

more significant improvements.
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Cultural integration: Both TPM and Lean Six Sigma promote a culture of
continuous improvement, and when used together, they reinforce this culture
across the entire organization.

How it works

Autonomous Maintenance: Operators are trained to perform routine checks,
cleaning, lubrication, and minor repairs on their own equipment, enabling
them to identify and address potential issues early.

Planned Maintenance: A scheduled maintenance system is put in place to
conduct planned preventive and predictive maintenance, which helps reduce
unplanned stoppages.

8 Pillars: A structured approach is often used, which includes foundational
activities like the 5S method (Sort, Set in Order, Shine, Standardize, Sustain)
and eight supporting pillars that cover areas like quality maintenance, and

focused improvements.

4.24 The Pull System

Push-pull, also known as the lean inventory strategy, is remarkably effective
in enhancing the efficiency and accuracy of the production process. In other
words, push-pull demands a more accurate sales forecast and adjusts inventory

levels based on the actual sale of goods.

Figure 4.24
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Manufacturing

Figure 4.25
Push Systems
A manufacturing system in which production is based on a projected
production plan and where information flows from management to the market
in the same direction in which the materials flow. In other words,
organizations produce goods based on market demand. It is also called make-
to-stock manufacturing.

Push system is mostly used where the demand fluctuation is minimal. This is
how many traditional production and project management environments have
worked. This is effectively the opposite of how a pull system works.

Based on historical data, a push system initiates production by forecasting
future demand and pushing goods or products through the supply chain. This
method considers demand forecasts that trigger manufacturing while
overseeing the delivery of finished products to distributors or retailers.
Subsequently, these retailers sell the products to end customers.

A good example of a push system in the automobile industry is when
manufacturers forecast demand for various spare parts based on historical data
and produce them in bulk to achieve economies of scale.

Principles of Push System

Production planning: Plan the production based on customer demand instead
of waiting for customer orders

Forecasting: Forecasting based on historical data to predict future customer

demand
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Inventory: Efficient inventory management for meeting expected demand and
reducing the risk of stockouts

Timelines: Implementation for products with high lead times

Risk Management: Risk management through market trend analysis and
adjusting or planning the production

Production distribution:  Distribution alignment with  various supply
chain partners such as retailers or distributors

Pull Systems

A pull system is a lean manufacturing strategy used to reduce waste in the
production process. A correctly managed pull system can eliminate multiple
kinds of waste.

A pull system is set up to respond directly to internal or external customer
demand. The purpose of implementing a pull system is to build products based
on actual demand and not on forecasts. Just because you have spare capacity at
any given point in the system does not mean you should produce more.
Ultimately, this leads to excess inventory, which is just another form of waste.

Increased customer satisfaction occurs in a pull system as it manufactures
products specifically to fulfill customer requests. With products made in small
quantities, quality issues are identified faster compared to the push system.
Additionally, this system maintains lower inventory levels as products are not
produced until they are needed.

For example, the production process of the delicious hot beverage begins
only when a customer orders. So, the customer generates a signal when they
purchase a cup of coffee, effectively pulling materials through the coffee-
making system, thus called a pull system.

Kanban is the most well-known approach for implementing a pull system.
The Kanban card system provides a sign or signal by the next step in the

process or downstream operation.
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The pull system, also known as a Just-In-Time (JIT) system, delivers finished
goods, materials, or work-in-progress when needed instead of merely
accumulating inventory.

Principles of Pull System

Production planning: Plan production once triggered by actual customer
demand.

Just-in-Time (JIT): Emphasis on Just-in-Time (JIT) to reduce excess inventory
and waste

Customer changes: Flexibility to adapt to changing customer needs and market
conditions.

Flexibility: Small batch production for efficiency and flexibility

Production process: Implementation of a Kanban system for production
control

Timelines: Implementation for products with shorter lead times

Push Vs Pull

Push and pull systems represent two different approaches in supply chain
management. In a push system, forecasts and historical data drive production,
pushing goods through the supply chain based on anticipated demand. This
proactive approach allows for efficient large-scale production but may lead to
overstocking and increased storage costs.

On the other hand, In a pull system, actual customer demand triggers
production, and the supply chain pulls goods as needed. This reactive
approach reduces the risk of overproduction and minimizes inventory costs but
requires a more dynamic and responsive production process.

Benefits of using the Push-Pull system
e The push-pull system helps businesses create a hybrid system that
leverages the strengths of both approaches.
e The push-pull hybrid system combines the cost efficiency of bulk

production in push with meeting actual demand in pull.
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e |t allows a more adaptive response to expected and unexpected
customer demand changes.

e Integrating pull elements helps reduce lead times, improving product
delivery.

e Balancing the advantages of push and pull, it achieves an optimized
inventory management strategy.

e Improves overall customer satisfaction by meeting real-time customer
needs.

e Combining both systems helps avoid overproduction and reduces
excess inventory.

e Improves overall operational efficiency by integrating push and pull

elements, streamlining the production process.

4.25 Statistical Process Control

Statistical Process Control (SPC) is a statistical method to measure, monitor,
and control a process. It is a scientific visual method to monitor, control, and
improve the process by eliminating special cause variations in a process.
Meaning of SPC

Statistics: Statistics is a science that deals with the collection, summarization,
analysis, and drawing of information from the data.

Process: It converts input resources into the desired output (goods or services)
with a combination of people, materials, methods, and machines, as well as
measurements.

Control: System, policies, and procedures in place so the overall output meets

the requirement.
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Figure 4.26
Core Principles of Statistical Process Control
At its heart, SPC is built on a few fundamental principles:
Understanding Variation: All processes have inherent variability. SPC helps us
distinguish  between common cause variation (natural to the process)
and special cause variation (indicating a problem).
Process Stability: A stable process behaves consistently over time and is
predictable within certain limits.
Continuous Improvement: SPC isn’t just about maintaining the status quo; it’s
a tool for ongoing process enhancement.
Prevention over Detection: By monitoring processes in real-time, SPC allows
us to prevent defects rather than just detecting them after the fact.
Data-Driven Decision Making: SPC replaces gut feelings with statistical
evidence, leading to more effective process management.
Key Advantages of Implementing SPC
The primary purpose of SPC is to monitor, control, and improve process
performance over time. But the benefits extend far beyond this basic objective.
Let me break down the key advantages I’ve seen organizations reap from

effective SPC implementation:
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Reduced Variability: SPC helps identify and eliminate sources of variation,
leading to more consistent product quality. In one automotive plant | worked
with, we reduced defect rates by 37% within six months of implementing SPC.
Increased Productivity: By reducing process variability, SPC minimizes
rework and scrap. An electronics manufacturer | consulted for saw a 22%
increase in throughput after adopting SPC techniques.
Lower Costs: Fewer defects and less waste translate directly to cost savings.
One of my clients in the packaging industry reported annual savings of $1.2
million attributed to their SPC program.
Improved Customer Satisfaction: Consistent quality leads to happier
customers. A medical device company | worked with saw customer
complaints drop by 45% after implementing rigorous SPC measures.
Proactive Problem Solving: SPC allows you to identify issues before they
become critical. This shift from reactive to proactive management can be
game-changing for many organizations.
Industries and Processes Where SPC Shines
While SPC originated in manufacturing, its applications have expanded
significantly. Here are some industries and processes where I’ve seen SPC

make a substantial impact:
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Manufacturing: This is the classic application of SPC. From automotive to
electronics, SPC is crucial for maintaining product quality and process
efficiency. For instance, in a precision machining operation, we used SPC to
control critical dimensions, reducing out-of-spec parts by 62%.

Healthcare: SPC is increasingly used to monitor patient outcomes, reduce
medication errors, and improve operational efficiency. I once worked with a
hospital to apply SPC to their emergency room wait times, resulting in a 28%
reduction in average wait time.

Pairing SPC with root cause analysis training enables teams to address
systemic issues rather than just symptoms, leading to sustainable
improvements.

Service Industries: Even in non-manufacturing sectors, SPC can be powerful.
I’ve implemented SPC in call centers to monitor and improve response times
and customer satisfaction scores.

Food and Beverage: In this industry, consistency is key. I’ve used SPC to
control everything from the weight of packaged goods to the pH levels in
beverage production.

Pharmaceuticals: Given the strict regulatory environment, SPC is essential
here. In one project, we used SPC to monitor and control the potency of an

active ingredient, ensuring consistent drug efficacy.

238


https://www.6sigma.us/six-sigma-in-focus/advanced-product-quality-planning-apqp/
https://www.6sigma.us/process-improvement/process-efficiency-strategies-tools/
https://www.6sigma.us/process-improvement/process-efficiency-strategies-tools/
https://www.6sigma.us/business-process-management-articles/operational-improvement/
https://www.6sigma.us/root-cause-analysis-methods/

UNIT V
INSTITUTIONALIZING
AND DESIGN FOR LSS

5.1 Institutionalizing lean six sigma

Institutionalizing Lean Six Sigma involves making it a permanent part of the
organizational culture through strong leadership, a focus on training and
communication, and integrating it across all business functions. It requires
executive commitment, visible management support, and the creation of a
culture where process improvement is standard practice, not a temporary
project. Key steps include establishing a Center of Excellence, aligning goals
and rewards, and embedding the methodology into daily operations, from
design and finance to manufacturing and customer service.

Leadership and commitment

Top-down support: Secure visible, long-term commitment from the CEO and
executive team.

Strategic alignment: Frame Lean Six Sigma as a transformational change, not
just a project, and link its execution to the company's overall strategy.
Champion the process: Appoint top talent to Black Belt and Champion roles to
ensure success and develop future leaders.

Culture and communication

Communicate openly: Keep employees informed about the changes, the
reasons for them, and the benefits of the new methods.

Focus on behavior: Shape and influence human behavior by emphasizing the

importance of Lean Six Sigma principles in daily work.
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Build a learning culture: Incorporate Lean Six Sigma into training and
continuous learning programs to foster talent development and empower
employees.

Processes and structure

Start small, then scale: Begin with foundational steps like 5S (Sort, Set in
order, Shine, Standardize, Sustain) to change the environment and demonstrate
quick wins.

Revise all procedures: Update all related procedures to ensure they align with
the new, improved processes.

Establish a Center of Excellence (CoE): Create a dedicated team to define
roles, guidelines, and best practices for project selection and review.

Align rewards: Link individual KPIs and incentive programs to Lean Six
Sigma goals to motivate participation.

Integration across functions

Extend beyond manufacturing: Apply Lean Six Sigma principles across all
departments, including R&D, marketing, sales, and finance.

Embed in daily work: Ensure the methodology is integrated into every aspect
of the company, from product design to supply chain and customer service.
Promote a customer-centric focus: Use Lean Six Sigma to ensure all processes
are aligned with delivering customer value, using customer feedback to drive

improvements.

5.2 Improving Design Velocity

To improve design velocity using Lean Six Sigma, focus on creating a more
flexible and responsive process by minimizing changeover
times and eliminating waste during the Improve phase of the DMAIC cycle.
Key strategies include applying the Law of Flexibility to adapt to changing
requirements, using tools like value stream mapping to identify bottlenecks,
and optimizing the process for faster cycle times to reduce lead times and

increase responsiveness to customer demand.
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Key strategies for improving design velocity

Embrace the Law of Flexibility: To speed up processes, reduce the time it
takes to switch between different tasks or product specifications. A shorter
changeover time means less unproductive "lost" time, allowing for faster
adaptation to new requirements and customer demands.

Value Stream Mapping: Use value stream analysis to map out the entire
process flow and identify sources of delay and non-value-adding activities.
This helps in visualizing the entire "lead time" and pinpointing areas that are
slowing down the process.

Target the Improve Phase: The Improve phase of the DMAIC (Define,
Measure, Analyze, Improve, Control) methodology is where you implement
solutions. During this phase, focus on developing and piloting changes to your
design process that will reduce variation and waste.

Minimize Variation: A core principle of Six Sigma is to reduce variation to
improve quality and efficiency. By creating a more consistent and predictable
process, you can reduce the number of errors and rework, which directly
contributes to faster throughput.

Focus on Customer Value: Ensure that all process improvements are aligned
with delivering value to the customer. By staying customer-focused, you can
prioritize changes that have the greatest impact on customer satisfaction and

reduce the time it takes to meet their needs.

5.3 Valuing Projects

Valuing Lean Six Sigma projects involves evaluating the financial and
strategic benefits against the project costs using metrics like Return on
Investment (ROI), Net Present Value (NPV), and Return on Assets (ROA).
Additionally, value is assessed by focusing on customer needs, analyzing
the cost of quality, and prioritizing projects that align with the organization's
strategic goals through factors like cost, success probability, and benefit

visibility.
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Financial and strategic valuation

Calculate project gain/loss: Compare the projected dollar amount of the
project's benefits (e.g., reduced costs, increased revenue) against the project
costs (materials, labor, resources).

Return on Investment (ROI): Measure the project's profitability by dividing
the net income (project earnings) by the investment made.

Net Present Value (NPV): Calculate the present value of future cash flows to
determine if the project's future earnings are worth more than the initial
investment.

Return on Assets (ROA): If the project requires significant assets, calculate the
net income generated by the project relative to the total assets used.

Project selection criteria

Value to the customer: Ensure the project addresses customer needs and
improves customer satisfaction, not just what the company thinks customers
need.

Cost of quality: Analyze the "cost of quality,” which includes the costs of
defects, rework, and appraisal, to identify areas where improvement efforts
will have the biggest financial impact.

Strategic alignment: Prioritize projects that align with the organization's
overall strategic goals.

Visibility: Consider how visible the project's benefits will be, especially for
early projects, to build buy-in and demonstrate the program's effectiveness.
Cost vs. Benefit: Projects with a high expected value will be more appealing,
but the associated costs must be carefully considered.

Communicating value

Use financial terms: Present the value in terms of financial metrics that the
business leaders understand.

Use visual aids: Create data visualizations to clearly show key metrics and

improvements.
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Involve finance: Have a finance expert validate the projected savings and
benefits to ensure accuracy.
Demonstrate with Gemba walks: Arrange for leaders to visit the actual process

to see the improvements firsthand.

5.4 Gating the Projects

Gating in Lean Six Sigma involves using Phase Gate reviewsto act as
checkpoints, ensuring that a project has met its objectives before moving to
the next phase. The core framework for this is the DMAIC (Define, Measure,
Analyze, Improve, Control) methodology, where a gate review is conducted
after each phase to determine if the work is complete and successful. These
reviews are facilitated by a project's Black Belt, and key stakeholders provide
a go/no-go decision for the project to proceed.

Gating process overview

What it is: Gating is a project management approach in Six Sigma that breaks
a project into distinct stages, each separated by a gate. These gates are
decision points where project leaders and stakeholders review the completed
work of the preceding phase.

Purpose: The primary purpose is to ensure that all criteria for the current stage
have been successfully met before the project advances. This prevents wasting
resources on projects that are not viable or that do not meet the initial goals.
Key element: The DMAIC (Define, Measure, Analyze, Improve, Control)
methodology is the standard framework for conducting these gates. A gate
review occurs after each phase to assess its deliverables.

Who is involved: The project's Black Belt facilitates the review, which
includes key stakeholders like the project team, senior management, and

process owners.
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Gate checkpoints at each DMAIC phase

Define Phase Gate: The project team presents the project charter, including the
problem statement, business case, goals, and scope. Stakeholders decide if the
project is worth pursuing based on this information.

Measure Phase Gate: The team presents data collected on the current process
and a baseline metric is established. The gate review ensures the measurement
system is valid and the data accurately reflects the current situation.

Analyze Phase Gate: The team presents an analysis of the data, identifying the
root cause(s) of the problem. The review confirms that the root causes have
been correctly identified and the analysis is sound.

Improve Phase Gate: The team presents the solutions developed to address the
root causes and the plan for implementing them. The gate review approves the
proposed solutions for implementation.

Control Phase Gate: The team presents the implemented solution and the plan
for ongoing monitoring and control. The review confirms the solution is
effective, and the control mechanisms are in place to sustain the gains and

prevent backsliding.

5.5 Reducing Product line Complexity

Reducing product line complexity in Lean Six Sigma involves using a
structured approach to identify and eliminate non-value-added variations
through the DMAIC framework (Define, Measure, Analyze, Improve,
Control) and value stream mapping. The core steps include defining customer
value, mapping the entire value stream to identify waste, creating a continuous
flow, and implementing a pull system. The goal is to simplify the product line
by focusing on core customer needs, thereby reducing costs, improving
efficiency, and increasing customer satisfaction.

1. Define customer value and complexity

Define value: Understand what truly adds value for the customer from their

perspective.
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Analyze complexity: Evaluate which aspects of the product line are necessary
and which are unnecessary complexities that drive up costs and waste, such as
hidden costs associated with a large number of options.

Use a baseline: Start by imagining a single, "zero complexity” product, like
the Ford Model T, and build up from there to understand the true cost of added
complexity.

2. Map the value stream

Visualize the process: Use tools like Value Stream Mapping to visualize the
entire process from start to finish, identifying all value-adding and non-value-
adding steps.

Identify waste: Pinpoint areas of waste, such as excess inventory, unnecessary
motion, over processing, and long lead times, as defined by the eight wastes of
Lean.

3. Analyze and analyze root causes

Identify variation: In the Analyze phase, use tools like a Cause and Effect
Diagram to find the root causes of variation that lead to complexity.
Standardize inputs: Where possible, standardize inputs by fixing them to an
agreed-upon value to prevent further changes and complexity.

4. Improve the process

Eliminate waste: Implement solutions to remove the non-value-added steps
identified during the value stream mapping process.

Focus on flow: Rework the process to create a continuous flow, reducing
queues and stoppages.

Standardize for efficiency: For remaining variables that cannot be fixed,
establish standard operating procedures and provide thorough training to
manage them effectively.

5. Control and sustain improvements

Establish a pull system: Implement a system where products are created only

when the customer pulls them through the process, increasing responsiveness.
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Maintain standards: Use Control phase tools to sustain the improvements
made and ensure the process stays streamlined over time.

Change management: Implement strong change management to ensure that
future modifications are thoughtfully considered and the goal of simplicity is
maintained.

Benefits of reducing product line complexity

Lower costs: Reduces operational costs associated with manufacturing,
inventory, and rework.

Increased efficiency: Leads to faster delivery times and shorter lead times.
Higher quality: Improves product quality and reliability by reducing defects.
Better customer satisfaction: Increases customer loyalty through improved

product reliability and timely availability.

5.6 Design for lean six sigma

Design for Six Sigma (DFSS) is a different approach to new product or
process development in that there are multiple methodologies that can be
utilized. Traditional Six Sigma utilizes DMAIC or Define, Measure, Analyze,
Improve and Control. This methodology is most effective when used to
improve a current process or make incremental changes to a product design. In
contrast, Design for Six Sigma is used primarily for the complete re-design of
a product or process. The methods, or steps, used for DFSS seem to vary
according to the business or organization implementing the process. Some
examples are DMADYV, DCCDI and IDOV. What all the methodologies seem
to have in common is that they all focus on fully understanding the needs of
the customer and applying this information to the product and process design.
The DFSS team must be cross-functional to ensure that all aspects of the
product are considered, from market research through the design phase,
process implementation and product launch. With DFSS, the goal is to design

products and processes while minimizing defects and variations at their roots.
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The expectation for a process developed using DFSS is reportedly 4.5 sigma
or greater.

Why Implement Design for Six Sigma (DFSS)

When your company designs a new product or process from the ground up it
requires a sizable amount of time and resources. Many products today are
highly complex, providing multiple opportunities for things to go wrong. If
your design does not meet the customer’s actual wants and expectations or
your product does not provide the value the customer is willing to pay for, the
product sales will suffer. Redesigning products and processes is expensive and
increases your time to market. In contrast, by utilizing Design for Six Sigma
methodologies, companies have reduced their time to market by 25 to 40
percent while providing a high quality product that meets the customer’s
requirements. DFSS is a proactive approach to design with quantifiable data
and proven design tools that can improve your chances of success.

When to Implement Design for Six Sigma (DFSS)

DFSS should be used when designing a completely new product or service.
DFSS is intended for use when you must replace a product instead of
redesigning. When the current product or process cannot be improved to meet
customer requirements, it is time for replacement. The DFSS methodologies
are not meant to be applied to incremental changes in a process or design.
DFSS is used for prevention of quality issues. Utilize the DFSS approach and
its methodologies when your goal is to optimize your design to meet the
customer’s actual wants and expectations, shorten the time to market, provide
a high level of initial product quality and succeed the first time.

How to Implement Design for Six Sigma (DFSS)

As previously mentioned, DFSS is more of an approach to product design
rather than one particular methodology. There are some fundamental
characteristics that each of the methodologies share. The DFSS project should
involve a cross functional team from the entire organization. It is a team effort

that should be focused on the customer requirements and Critical to Quality
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parameters (CTQs). The DFSS team should invest time studying and

understanding the issues with the existing systems prior to developing a new

design. There are multiple methodologies being used for implementation of
DFSS. One of the most common techniques, DMADV (Define, Measure,

Analyze, Design, Verify), is detailed below.

Define

The Define stage should include the Project Charter, Communication Plan and

Risk Assessment / Management Plan.
The Project Charter

The team should develop a Project Charter, which should include:

Purpose or reason for project — preferably with quantifiable data or
measurable targets

Voice of Business — what the business expects to gain from completion
of the project

Project Scope — establish the scope and parameters of the project and
determine exactly what is in and out of scope for the project to prevent
“project creep”

Problem statement or identification of the gap between current and
desired state

Statement of the goals for improved revenue, customer satisfaction or
market share stated in measurable, well-defined targets

Project timeline or schedule with well-defined gates and deliverables
for each gate review.

Project Budget — Cost target for the project including any capital
expenditures

Identification of the project sponsor and key stakeholders

Identification of the cross-functional team members

Clarification of roles and responsibilities for the team members and

other stakeholders
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The Communication Plan
During the Define phase, the team should develop a strategy for proper
communication throughout the life of the project. The Communication Plan
should be designed to address different aspects and techniques for
discussing the evaluation results. The plan should also guide the process
to successfully share results of the evaluation. To develop the Communication
Plan, answer the following questions:

e Who is the primary contact on the team that is responsible for

communicating?

e What are the main goals for the communication process?

e Who are you communicating to? (Identify target audience)

e When and how often will the communication occur?

e What methods will be used for communication?
The Risk Assessment or Risk Management Plan
The project manager should prepare a Risk Assessment or Risk Management
Plan that includes, but is not limited, to the following information:

e Risks associated with the project

e Impact of risks against the success of the project

e Outline / plan for managing any project risk
Measure
During the Measurement Phase, the project focus is on understanding
customer needs and wants and then translating them into measurable design
requirements. The team should not only focus on requirements or “Must
Haves” but also on the “Would likes”, which are features or functions that
would excite the customer, something that would set your product apart from
the competition. The customer information may be obtained through various
methods including:

e Customer surveys

e Dealer or site visits

e Warranty or customer service information
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e Historical data

e Consumer Focus Groups
Analyze
In the Analyze Phase, the customer information should be captured and
translated into measureable design performance or functional requirements.
The Parameter (P) Diagram is often used to capture and translate this
information. Those requirements should then be converted into System, Sub-
system and Component level design requirements. The Quality Function
Deployment (QFD) and Characteristic Matrix are effective tools for driving
the needs of the customer from the machine level down to component level
requirements. The team should then use the information to develop multiple
concept level design options. Various assessment tools like benchmarking or
brainstorming can be used to evaluate how well each of the design concepts
meet customer and business requirements and their potential for success. Then
the team will evaluate the options and select a final design using decision-
making tools such as a Pugh Matrix or a similar method.
Design
When the DFSS team has selected a single concept-level design, it is time to
begin the detailed design work using 3D modeling, preliminary drawings, etc.
The design team evaluates the physical product and other considerations
including, but not limited to, the following:

e Manufacturing process

e Equipment requirements

e Supporting technology

e Material selection

e Manufacturing location

e Packaging
Once the preliminary design is determined the team begins evaluation of the
design using various techniques, such as:

e Finite Element Analysis (FEA)
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e Failure Modes and Effects Analysis (FMEA)

e Tolerance Stack Analysis

e Design Of Experiment (DOE)
FMEA is a popular tool used to identify potential design risks, identify key
characteristics and develop a list of actions to either alter the design or add to
the validation plan. Computer simulation and analysis tools can allow the team
to work through the processes and understand the process inputs and desired
outputs. The design phase is complete once the team has developed a solid
design and validation plan for the new product or process that will meet
customer and business requirements. One popular tool is Design Verification
Plan and Report (DVP&R), which documents the validation plan and provides
a section for reporting results.
Verify
During the Verify Phase, the team introduces the design of the product or
process and performs the validation testing to verify that it does meet customer
and performance requirements. In addition, the team should develop a detailed
process map, process documentation and instructions. Often a Process
FMEA is performed to evaluate the risk inherent in the process and address
any concerns prior to a build or test run. Usually a prototype or pilot build is
conducted. A pilot build can take the form of a limited product production run,
service offering or possibly a test of a new process. The information or data
collected during the prototype or pilot run is then used to improve the design
of the product or process prior to a full roll-out or product launch. When the
project is complete the team ensures the process is ready to hand-off to the
business leaders and current production teams. The team should provide all
required process documentation and a Process Control Plan. Finally, the
project leaders, stakeholders and sponsors complete the project documentation
and communicate the project results. The entire team should then celebrate

project completion.
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Other Variations of DFSS

DMADYV seems to be the most prominently used process but as mentioned
previously it is not the only option. Even DMADYV has a variation sometimes
utilized, known as DMADOV, which adds the step identified as Optimize or
Optimization. This step can be beneficial for developing new or revised
business procedures. An additional variation of DFSS is known as DCCDI
(Define Customer and Concept, Design, Implement). DCCDI has many
similarities with DMAVD and contains similar define, measure and design
stages. Furthermore yet another variation is IDOV (ldentify, Design,
Optimize, Verify). The IDOV method also adds the optimization phase.
Companies could possibly implement any one of these various methods

according to their business culture and needs.

5.7 QFD

QFD (Quality Function Deployment) in Six Sigma is a systematic process that
translates customer needs, or the "Voice of the Customer" (VOC), into
actionable design and technical requirements for a product or service. Its
primary tool is the House of Quality matrix, which visually organizes and
prioritizes customer wants (“"whats") against the company's response and
capabilities ("hows"™) to ensure the final product meets customer
expectations. This proactive approach reduces rework and costs by focusing
the development process on customer satisfaction from the initial concept
stage.

How QFD works in Six Sigma

Identify customer needs: The process begins by gathering customer feedback
through methods like surveys and market research to understand the "voice of
the customer” (VOC).

Translate needs into "hows": The "whats" (customer requirements) are then
translated into the "hows" (measurable engineering and functional

requirements) that the company can control.
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Use the House of Quality matrix: This matrix is the central tool for the
process. It visually links customer requirements to technical characteristics,
allowing teams to see the strength of the relationships between them.

Prioritize requirements: The matrix helps prioritize what is most important to
the customer, often involving weighting customer requirements and assessing
their relationship with the technical requirements.

Incorporate competitor analysis: The process includes comparing the product
against competitors on key customer requirements to identify areas for
improvement.

Integrate across the organization: QFD ensures that all functional areas, from
design to production and even suppliers, are aligned with the customer's needs
and have a shared understanding of the project goals.

Benefits of using QFD in Six Sigma

Improves customer satisfaction: By directly linking product development to
customer desires, it leads to higher satisfaction.

Reduces development time and cost: Focusing on key needs early on reduces
costly changes and rework later in the process.

Provides a structured approach: It offers a clear, documented process for
making decisions that prioritizes customer value.

Enhances communication: QFD acts as a common language for cross-
functional teams, ensuring everyone is working toward the same customer-
focused goals.

Supports other Six Sigma activities: It can be used in the Define phase of a Six
Sigma project to ensure the project is focused on the right problem and will

deliver customer-desired results.

5.8 Theory of Inventive Problem solving (TRI1Z)
TRIZ is a Russian acronym for The Theory of Inventive Problem Solving.
TRIZ began in the 1940s by a soviet engineer named Genrich Altshuller. He

recognized that technological advancements follow a systematic and natural
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progression. As a result, Genrich invented TRIZ, creating common solutions
that can be redeployed to business problems for specific improvements.

In other words, hundreds of really smart inventors have lived before today.
TRIZ takes what is already created, adapts, and deploys it to solve today’s
problems. Moreover, TRIZ uses tables of inherent contradictions and
innovation principles, not trial and error, to reform the design challenge and

remove physical contradictions.

TRIZ (Inventive Problem
Solving)
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The Essence of TRIZ
The essence of TRIZ lies in its ability to identify and resolve contradictions,
which are often at the heart of many complex problems. These contradictions
can manifest as technical trade-offs, where improving one aspect of a system
leads to the deterioration of another.

For instance, increasing the strength of a material may result in an increase
in its weight, which is undesirable in certain applications. TRIZ recognizes
that true innovation occurs when these contradictions are addressed and

resolved systematically.
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By generalizing problems and solutions across industries, TRIZ leverages the
collective knowledge and ingenuity of inventors and problem-solvers
throughout history, providing a vast reservoir of proven techniques and
principles that can be adapted and applied to specific challenges.

Moreover, TRIZ emphasizes the importance of understanding the patterns of
technical evolution, which describe the natural progression of systems and
technologies over time.

By anticipating and aligning with these patterns, problem-solvers can
proactively identify opportunities for innovation and develop solutions that are
effective and aligned with the system’s evolutionary trajectory.

Through its structured approach and extensive knowledge base, TRIZ
empowers organizations to navigate the complexities of problem-solving and
innovation, fostering a culture of systematic thinking and creative problem-
solving that can vyield breakthrough solutions and drive continuous
improvement across various domains.

Key Principles and Tools of TRIZ
TRIZ is a powerful arsenal of principles and tools that provide a structured
approach to problem-solving and innovation.

These principles and tools have been meticulously derived from the analysis
of countless patents and inventions, distilling the collective wisdom and
ingenuity of innovators throughout history.

By mastering these key principles and tools, problem-solvers can unlock a
world of creative solutions and drive continuous improvement within their
organizations.

The Contradiction Matrix

One of the fundamental tools in the TRIZ methodology is the Contradiction
Matrix. This matrix serves as a powerful framework for identifying and
resolving contradictions, which often lie at the root of many complex
problems.

TRIZ recognizes two distinct types of contradictions:
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e Technical contradictions and trade-offs

e These contradictions arise when improving one aspect of a system
leads to the deterioration of another.

e For instance, increasing the strength of a material may result in an
increase in weight, which is undesirable in certain applications.

e Physical contradictions and inherent conflicts

e These contradictions occur when an object or system is subject to
conflicting requirements or characteristics.

e For example, a product may need to be both durable and lightweight,
presenting an inherent contradiction.

e The Contradiction Matrix provides a systematic approach to resolving
these contradictions by mapping them to a set of 40 inventive
principles.

These principles, derived from the analysis of countless patents, offer proven
strategies and techniques for overcoming specific contradictions, enabling
problem-solvers to generate innovative solutions that transcend traditional
trade-offs.

Functional Analysis and Trimming

Effective problem-solving often requires a deep understanding of a system’s
functions, interactions, and components. TRIZ offers powerful tools for
functional analysis and trimming, which enable problem-solvers to
deconstruct and analyze complex systems in a structured manner.

Analyzing system functions and interactions: TRIZ employs techniques such
as functional modeling and substance-field analysis to identify the
relationships and interactions between various components within a system.
By understanding these interactions, problem-solvers can pinpoint potential

areas for improvement or optimization.
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Ideality and Patterns of Evolution

TRIZ is not merely a collection of tools but also a guiding philosophy that
emphasizes the pursuit of ideality and the recognition of patterns in technical
evolution.

Striving for the Ideal Final Result (IFR): The concept of ideality in TRIZ
encourages problem-solvers to envision an ideal state where the desired
functions are achieved without any adverse effects or limitations.

This aspirational mindset drives the search for innovative solutions that
continually approach the ideal, pushing the boundaries of what is possible.
Understanding technical evolution patterns (S-curves): TRIZ recognizes that
technical systems and technologies follow predictable patterns of evolution,
often represented by S-curves.

By studying these patterns, problem-solvers can anticipate future
developments, identify opportunities for innovation, and align their solutions
with the natural trajectory of technical evolution.

Applying TRIZ: A Step-by-Step Approach

While the principles and tools of TRIZ may seem complex, the true power of
this methodology lies in its structured and systematic approach to problem-
solving. By following a well-defined step-by-step process, organizations can
harness the full potential of TRIZ to tackle even the most daunting challenges
and drive innovation within their domains.

This approach not only ensures a thorough understanding of the problem but
also provides a roadmap for leveraging the various TRIZ tools and techniques
to generate and evaluate innovative solutions.

Defining the Problem and Identifying Contradictions

The first step in the TRIZ approach is to clearly define the problem at hand
and identify the desired outcomes. This process involves a thorough analysis
of the current situation, including the limitations, constraints, and requirements

that must be addressed.
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By establishing a clear understanding of the problem, problem-solvers can
better recognize the inherent contradictions that lie at its core. Recognizing
technical and physical contradictions is a crucial aspect of this stage.

Technical contradictions, as we’ve discussed, arise when improving one
aspect of a system leads to the deterioration of another. Physical
contradictions, on the other hand, stem from conflicting requirements or
characteristics within an object or system.

TRIZ provides specific tools and techniques for identifying and analyzing
these contradictions, laying the foundation for the subsequent steps in the
problem-solving process.

Utilizing TRIZ Tools and Techniques

Once the problem and its contradictions have been clearly defined, the next
step is to leverage the various TRIZ tools and techniques to generate potential
solutions.

This stage involves a systematic application of the principles and concepts
we’ve discussed earlier, including:

Leveraging the Contradiction Matrix and Inventive Principles

By mapping the identified contradictions to the Contradiction Matrix,
problem-solvers can access a wealth of inventive principles that offer proven
strategies for resolving those contradictions.

These principles, derived from the analysis of countless patents, serve as a
powerful source of inspiration and guidance for generating innovative
solutions.

Conducting functional analysis and trimming

TRIZ’s functional analysis and trimming tools enable problem-solvers to
deconstruct and analyze complex systems, identifying unnecessary
components or functions that can be streamlined or eliminated. This process of
simplification often paves the way for innovative solutions by removing

redundancies and enhancing efficiency.
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Exploring patterns of evolution and ideality

TRIZ encourages problem-solvers to explore the patterns of technical
evolution and strive for the Ideal Final Result (IFR). By understanding these
patterns and envisioning an ideal state, organizations can align their solutions
with the natural trajectory of technical evolution and continually push the
boundaries of what is possible.

Generating and Evaluating Solutions

With a deep understanding of the problem and its contradictions, and armed
with the TRIZ tools and techniques, problem-solvers can then embark on the
process of generating potential solutions. This stage often involves ideation
techniques based on TRIZ principles, such as the use of analogies, functional
modeling, and the application of scientific effects.

However, generating solutions is only half the battle. TRIZ also provides a
framework for evaluating potential solutions based on their feasibility, impact,
and alignment with the desired outcomes. This evaluation process involves
assessing factors such as resource availability, technical feasibility, and

potential risks or unintended consequences.

5.9 Robust design

Taguchi Robust Design and Loss function were proposed by Genichi Taguchi.
In the United States, his concepts related to robustness for evaluating and
improving the product development process were referred to as “Taguchi
Methods”. Taguchi named his concept “Quality Engineering,” whereas other
authors referred to it as “Robust design” or “Robust engineering”.

Taguchi Robust Design Approach

Robust design has been the key development in the design process in recent
years. The Robust approach in design is a key aspect as it produces reliable
design both during manufacturing and also during product use. The basic
concept of robust design is that parameter control that makes the design strong

enough that it does not cause failure due to random “noise.”
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The Taguchi robustness approach says that processes or products are
controlled by various factors to get the desired response.

Signal factors: Signal factors are the signals that get the desired response. Ex:
pressure valve set to get the required air pressure in the line

Control factors: These factors produce the response based on noise in the
process, and also these are controlled by the designer. For example, heat
shrinks or thermocouples will respond based on the heat generation in the
process. Sometimes these factors add costs to the design; hence these are also
called tolerance factors.

Noise factors: These are random events in the process, only mean, and
variance can be predicted but are not controllable by the designer. Ex: voltage
fluctuation, air pressure variation, etc.

The noise factors impact the response and lead to errors; hence designers
focus on appropriate control factors to produce a maximum response to signal
factors. Taguchi defined Noise into three categories.

e External Noise: variations in the environment where the product is
used
e Deterioration Noise: wear and tear inside the unit

e Internal Noise: deviation from target values

{ MNoise Factors

Signal Factors ——————| Products/Procedures [ Response

[ Control Factors

Figure 5.2
Taguchi Robust Design Principles

He demonstrated robust design from the below three method concept
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Concept Design

Concept design is a process of selecting a product or process based on
competing technologies, customers, price, or any other important
considerations. Moreover, the biggest advantage of this method is that
organizations can produce high-quality products with low production costs.
Parameter Design

Parameter design refers to the identification of control factors for the process
and also to determine the optimal (target) level of each factor. Initially, in this
method, the design is developed using low-cost parts and manufacturing
methods. Afterward, the response is optimized to minimize the noise.
Furthermore, the ultimate goal of this method is to find an efficient process
(functionality robust) and service design.

Steps to perform Parameter Design

Identify signal factors and noise factors and also respective ranges

Select as many as possible control factors and also levels of the factors, and
then dispense these levels to suitable orthogonal arrays ( to identify the main
effect with a minimal number of runs). Functionality can be improved by
adjusting different levels of control factors.

Determine the S/N ratio

S 1 Sp—Ve
M=% 10logsp - ( EL,.

)

r
Where

e risthe measurement of the magnitude of the input signal

e SB sum of squares of ideal function

e Ve mean square of nonlinearity

e VN error term of linearity and nonlinearity
Signal to noise (S/N) ratio is especially used to calculate the performance of
the system. Interestingly the ratio of S/N depends on the situation, sometime

Nominal S/N ratio is the best, for instance, target. Sometimes larger S/N ratio
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IS better. Ex: performance and in a few instances smaller S/N ratio is better.

Ex: variation.

Case 1: §/N ratio larger is better
SN, = —10log(= ¥, =)

Case 2:5/N ratio smalle-lriis better
SN, = —10log(- Z1, ¥7)

Case 3:5/N ratio nominal is best
SN, = 10log(%)

Identify the optimal conditions from the experimental data for this maximum

S/N ratio to be used for each level of control factor.

Finally, perform real production runs.

Five Tools of Robust Design

The Robustness Strategy uses five primary tools:

The P-Diagram classifies product variables into noise, control, signal
(input), and response (output) factors.

Ideal Function specifies the ideal form of the signal-response
relationship as embodied by the design concept for making the higher-
level system work perfectly.

Quadratic Loss Function (also known as Quality Loss Function)
quantifies the loss incurred by the user due to deviation from target
performance.

Signal-to-Noise Ratio predicts the field quality through laboratory
experiments.

Orthogonal Arrays gather dependable information about control factors

(design parameters) with a small number of experiments.
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