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Lean Six Sigma Black Belt: |
End-to-End DMAIC Tool Flow e
Guide

A comprehensive roadmap for Black Belt practitioners navigating the Define-
Measure-Analyze-Improve-Control methodology.




DEFINE PHASE (BLACK BELT PROJECT): STEP-BY-
STEP TOOL FLOW

Assumption: This is an advanced project with strategic business impact, cross-functional complexity, and a moderately mature
data environment. Yet we will not skip basic tools — they will be used and enhanced or layered with advanced tools for rigor.

3> by Lean 6 Sigma Hub



STEP 1: Business Trigger and Strategic Alignment

Tools Used

Voice of the Business (VoB)
Business KPI Dashboards
Hoshin Kanri / X-Matrix (Advanced Strategic Deployment Tool)

SWOT or PEST Analysis (optional, if macro factors exist)

@ Activities

1.
2.
3.

Understand strategic goals and how the problem ties to business imperatives.
Use VoB to validate urgency and leadership alignment.

Identify how the project aligns with True North metrics.

3 Black Belt-Level Layering

Use X-Matrix to show alignment with strategy pillars (e.g., cost, quality, service).

Translate enterprise-level pain (e.g., customer churn) into process-level opportunity.
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STEP 2: SIPOC + Process Landscape Mapping

Likatana

Tools Used

e SIPOC (Basic — Mandatory)

e Enhanced SIPOC with:
o Controls
o Performance Metrics (KPIs)
o Input/Output Requirements

e Process Family Tree (Advanced)
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Activities

1. Use SIPOC to define start/end,
stakeholders, and flow.

2. Add performance data per step.

3. Use Process Family Tree to
validate that the selected process
is the right focus.
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Black Belt-Level Layering

e Add data overlays, known failure
points, or heatmaps to SIPOC.

e Clarify cross-functional handoffs
and systemic inefficiencies.



STEP 3: VOC and CTQ Development

Tools Used

e VoC Collection (Surveys, Interviews,
Social Media, CRM, Complaint
Logs)

o Affinity Diagram (to cluster raw
VoC)

e Kano Model
e CTQ Tree (Critical-to-Quality Tree)

e House of Quality / QFD (optional
for product/process redesign)

Activities

1.

Collect VoC from multiple customer
segments (internal + external).

Translate needs into measurable
CTQs.

Use Kano Model to separate "must-
haves" from "delighters."

Black Belt-Level Layering

e Use CTQs to build preliminary Y =
f(x) assumptions.

e Segment VoC by persona, product
line, or customer tier.



STEP 4: Problem & Goal Statements

Problem Statement Builder

Q

Define the problem without implying root causes.

SMART Goal Framework

Set a clear, time-bound, measurable goal (e.g., reduce rework from 18% to 5% in 90 days).

D

Y = f(x) Model

Outline high-level Ys (output metrics) and candidate Xs (input influencers).

f(x)

Black Belt-Level Layering

¢ Include baseline sigma level.

e Quantify business value at risk if the goal is not achieved.



STEP 5: Project Charter Development

Standard Project Charter Template

Document containing business case, problem statement, scope, timeline, stakeholders

RACI Matrix

Clearly defined roles and responsibilities for project team

Project Risk Register

Initial version identifying potential project risks

Cost of Poor Quality (COPQ) Estimator
2]

Advanced tool for quantifying financial impact

Black Belt-Level Layering

e Add high-level financial forecast (monthly leakage).
¢ Include sponsor expectations and success criteria.

e Link to strategic KPIs and digital transformation efforts if applicable.
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STEP 6: Stakeholder Engagement Strategy 2

Stakeholder Power/Interest

Grid 202
Map stakeholders based on influence

and interest levels

RACI Matrix 650

If not already included in Charter

Black Belt-Level Layering

e Use Role Resonance Matrix™ (if available) to match influence vs trust.

o Create behavioral personas for high-risk stakeholders.

Change Readiness
Assessment

Optional tool to evaluate
organizational readiness

Force Field Analysis

Identify driving and restraining forces
for change



STEP 7: Initial Process Observation & Waste Walk

Gemba Walk / 8 Wastes Observation
Shadowing Form

Direct observation of the Structured documentation of
process in action waste types

Activities

1. Go to the floor / platform where the work happens.
2. Observe with a data collection lens, not bias.

3. ldentify rework, overprocessing, motion, and wait time.

Black Belt-Level Layering

C%O

Spaghetti Diagram

Visual mapping of physical
flow (if applicable)

e Video record parts of the process for time analysis or motion study.

e Use this to build your simulation model (if applicable).
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Voice of the Process
(VoP) Notes

Documentation of process
insights



STEP 8: Risk and Scope Clarification
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Tools Used

Activities

| mRILES

Effort vs Impact Matrix

Assumptions Log

HIGHIRIEH

IGHRISI

Risk Matrix (Likelihood vs Severity)
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Project Selection Matrix (if part of a portfolio)

1. Validate that the project is feasible and aligned.

2. ldentify scope threats (creep, dependency, resource).

3. Rate implementation risk before going deeper.

Black Belt-Level Layering

e Use Monte Carlo Simulation (optional) to estimate outcome risk variability.

e Add external compliance, regulation, or legal constraints.
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STEP 9: Define Phase Tollgate Review

SIX SIGMA PROJECT

Define Phase Checklist Tollgate Summary Deck Define Phase Deliverables

Comprehensive list of all required Presentation materials for stakeholder Binder

deliverables for the Define phase review Physical or digital collection of all phase
outputs

Activities

1. Present Charter, SIPOC, VoC/CTQs, baseline Y, stakeholder plan.
2. Validate scope, business value, and project alignment.

3. Get formal sponsor approval and resource commitment.
Black Belt-Level Layering

e Include financial projection if improvement goals are met.

o Highlight complexity level and methodology rigor planned.



TOOL COMBINATIONS 2

Tool Pair Why It's Powerful

SIPOC + CTQ Tree Ties customer expectations directly to process outputs
VoB + COPQ Converts voice into monetary language for leaders
Stakeholder Grid + Force Field Balances influence and resistance in change strategy
Gemba Walk + 8 Wastes Grounds improvement effort in real-world insight

RACI + Hoshin X-Matrix Ensures functional alignment with enterprise direction

BLACK BELT PITFALLS TO TEACH AGAINST

e Overcomplicating the Charter too early.

e Skipping VoP (Voice of the Process) and relying only on VoC.

o Underestimating stakeholder resistance or cross-functional politics.
e Assuming a stable process without Gemba confirmation.

e Misinterpreting CTQs as root causes instead of desired outcomes.



MEASURE PHASE (BLACK BELT PROJECT): STEP-
BY-STEP TOOL FLOW

Advanced Capability Analysis

@ Statistical validation of process performance

Measurement System Analysis

Ensuring data reliability and accuracy

Multiple Data Sources

it

Cross-functional data integration

Stratification Levels

(0

Segmented analysis for deeper insights

Assumption: This is a complex, cross-functional Black Belt project where:

e The process is mature enough to generate data, but the data quality is uncertain.
e Advanced capability analysis and MSA are required.
e Multiple data sources and stratification levels exist.

e You must validate every step of measurement before analyzing anything.
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STEP 1: Expand Process
Understanding (Drill Down
from SIPOC)

Tools Used

Detailed Process Map / Swimlane Diagram
High-Level Value Stream Map (if end-to-end view is needed)
Deployment Flowchart

Process Observation Logs

Activities

Break down each process step with inputs, outputs, and
responsible roles.

Identify where data is generated, manipulated, delayed, or
lost.

Trace Xs and Ys to their physical/virtual origin points.

Black Belt-Level Layering

Include data quality flags on process map (e.g., manual entry,
system errors).

Add time-stamped flow to estimate lead-time variability.



STEP 2: Define Performance

Metrics and Operational e
Defil‘litions OPemHond metris

Tools Used Activities

e Operational Definition Sheets 1. Clarify exact meaning of

 Metric Classification each key metric (Y, Xs, and
(Lagging/Leading) context).

e Y =f(x) Model Refinement 2. Ensure consistency across

shifts, regions, or systems.
e Process Data Tree (what's g Y

measured where) 3. Setdirectionality (T or |),
unit of measure, and

performance target.

Black Belt-Level Layering

e Add metadata parameters (source system, owner, last audit date).

e Define "acceptable variation" bands for each metric. B



STEP 3: Create Data Collection
Plan

Data Collection Planning Sheet

Comprehensive document outlining what data to collect, how, by whom,
how often, and from where.

Sampling Plan (Statistical)

Scientifically determined approach to ensure representative data
collection.

Stratification Matrix

Framework for segmenting data across multiple dimensions: time,
geography, team, product, shift, etc.

Automated Data Capture Configuration

Technical setup for automated data collection where
applicable.

Black Belt-Level Layering

e Configure SQL/API pipelines for data collection (if digital).

e Link collection plan to SIPOC steps and roles for accountability.

starfied sampling™
carpes

simple randiam
sampling

7 £ hore T
steratinty clusrtning



STEP 4: Conduct Measurement System Analysis

(MSA)

Tools Used

e Gage R&R (Variable MSA) - Crossed or Nested Design
e Attribute Agreement Analysis (AAA)

e Bias, Linearity, Stability Studies

e ANOVA Table for MSA Variance Partitioning

e AIAG Standards or VDA Guidelines (if applicable)
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Activities
1. Validate repeatability, reproducibility, bias, and
discrimination of measuring system.

2. Use MSA % Contribution, % Tolerance, and % R&R as
evaluation metrics.

3. If automated sensors are used, assess drift and
calibration history.

Black Belt-Level Layering

e Use nested MSA if part variability is high.

e Segment operator performance by experience or shift for
deeper insights.

e Evaluate MSA maturity across locations (for multi-site
operations).



STEP 5: Collect Baseline Data (With Stratification)

oDa

Data Logger < / > System | il stratified
Sheets Extraction Histograms /
Physical or digital Scripts Box Plots
forms for manual Automated data Visual tools for
data collection retrieval from segmented data

systems analysis
Activities

1. Collect clean, reliable baseline data for Ys and influential Xs.
2. Stratify data to uncover hidden variation.

3. Log anomalies or exclusions with rationale.

Black Belt-Level Layering

o Validate timestamps and timezone synchronization.

e Conduct outlier analysis using IQR or Z-score methods (preliminary).
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Template

Chronological data
collection framework
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STEP 6: Visualize and Explore Data Distributions
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Tools Used

e Histograms

e Box Plots

e Dot Plots

e Stem-and-Leaf Diagrams (teaching tool)

e Pareto Charts (for defect or delay contributors)
Activities

o Understand spread, central tendency, and shape of the data.
e Compare subgroups (e.g., teams, regions) using stratified visuals.

o Start forming data-driven hypotheses about root causes.

Black Belt-Level Layering

¢ Use dynamic dashboards for real-time distribution tracking.

e Build defect Pareto over time intervals to visualize trend.



STEP 7: Test for Data Normality

Anderson Normality Test Results
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Anderson-Darling Test

Preferred method for testing data
normality, especially with larger sample
sizes

Activities

Shapiro-Wilk normality test
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Shapiro-Wilk Test

Effective for smaller sample sizes when
testing for normal distribution

o Verify normality for parametric tool readiness.

e Guide selection of correct statistical tests in Analyze Phase.

Black Belt-Level Layering

e Compare transformations (log, square root, reciprocal).

e Use software tools to automate test sequencing.

500 100 201 40
Assessimas Normality

Normal Probability Plot

Visual method for assessing normality
by comparing empirical distribution to
theoretical normal



STEP 8: Analyze Process Stability 2

150
® @ @ @ @ @ ®
1004 *—
® @ @ @ @ @ @ @
50 -
0 1 1 1 1 1 1 1 1
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
B Process Value B Upper Control Limit B Lower Control Limit
Tools Used

e Control Charts (X-R, X-S, I-MR, P, NP, C, U)
e Zone Rules / Nelson Rules / Western Electric Rules
e Run Charts (for non-stationary processes)

Activities

o Determine if the process is in statistical control.
e Separate special cause from common cause variation.

o Identify when and where process behavior changes.
Black Belt-Level Layering

e Layer in multi-vari analysis to identify temporal or spatial variability.

e Assess control limits over time for shift impact.



STEP 9: Calculate Process Capability 2

1.33

Cp (Short-Term)

Process capability ratio measuring potential capability

1.21

Pp (Long-Term)

Process performance ratio over extended period

Tools Used

e Cp, Cpk (Short-Term Capability)
e Pp, Ppk (Long-Term Capability)

e ZBench / Sigma Level Estimator
e DPMO Calculator

e Process Entitlement vs Actual Comparison

Activities

e Quantify the process's ability to meet customer requirements.

o Identify if centering or spread is the problem.

e Report long- and short-term capabilities separately.

1.12

Cpk (Short-Term)

Process capability index accounting for centering

0.98

Ppk (Long-Term)

Process performance index over extended period



STEP 10: Measure Phase Tollgate Review

Repeatability and Reprodications Bias Overa Time: Scartfabillity:

Measure Phase Checklist Tollgate Presentation MSA Certification Sheet
Comprehensive verification of all Executive summary of findings and next  Documentation validating measurement
required deliverables for the Measure steps for stakeholder review system reliability and accuracy

phase

Activities

e Review data integrity, measurement system validation, and baseline capability.
e Confirm statistical control status and data readiness for Analyze Phase.

e Document findings and get sponsor approval.

Black Belt-Level Layering

e Provide a detailed data quality scorecard.

e Forecast process potential (entitlement vs target vs baseline).



POWERFUL TOOL COMBINATIONS 2

Tool Pair

Process Map + Data Collection Plan
MSA + Control Chart

Stratified Histogram + Normality Test
Cp/Cpk + Pp/Ppk

[-MR + Multi-Vari Chart

BLACK BELT PITFALLS TO AVOID

e Skipping MSA and assuming digital = accurate

e Misinterpreting common cause variation as special cause
e Overlooking stratification (which hides insights)

e Using Cpk on unstable processes (always control first!)

e Blindly assuming normality for capability analysis

Why It's Powerful

Shows where and how each metric is tracked

Ensures decisions are based on reliable measurements
Informs statistical test readiness

lllustrates short-term vs long-term performance gaps

Captures both individual stability and variation over time or
settings



ANALYZE PHASE (BLACK BELT PROJECT): STEP- 2
BY-STEP TOOL FLOW

Statistical Rigor

1 Advanced statistical validation techniques

Stratification

.

Multi-dimensional data segmentation

Hypothesis Testing

Scientific validation of potential causes

Validated Xs

Shortlist of potential root causes

Assumption:

e Measurement system and baseline performance are already validated.
e The team has a shortlist of potential Xs.

e The project involves statistical rigor, stratification, and hypothesis testing, not just brainstorming.
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STEP 1: Revalidate Process Understanding and 2
Variation

LEA

Detailed Process Map A CTQ Failures Overlay
From Measure phase, with enhanced focus on problem Visual mapping of defects/issues on process steps
areas
|~ Time-Series Control Chart Reviews |9 Box Plots
Chronological analysis of process stability Segmented by team, shift, region, etc.
Activities

e Reuvisit the process map to highlight defect/delay-prone steps.
e Re-stratify baseline data to reveal hidden patterns of variation.

e Tag suspected contributing Xs by process step or subgroup.

Black Belt-Level Layering

o Use visual overlay of control chart trends on process steps.

e Analyze defect concentration by segment (Pareto by process step).



STEP 2: Generate and Structure Potential Root

Causes

Root cause

Frohikborwa

®

P
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Cause-and-Effect 5 Whys Analysis

(Fishbone/Ishikawa) Diagram Technique for drilling down to deeper

Structured brainstorming tool root causes

categorizing potential causes
Activities

e Brainstorm root causes by category (Method, Machine, Man, etc.).
e Use 5 Whys to dig deeper within each Fishbone branch.

e Separate causes into controllable vs uncontrollable.

Black Belt-Level Layering

e Overlay failure frequency on Fishbone diagram (quantify each branch).

e Include process logic + behavioral contributors (e.g., decision delays).
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Detter

Foattion L

Cause Brainstorming Tree / KJ
Affinity

Hierarchical organization of potential

causes



STEP 3: Prioritize Root Causes for Validation

90 -
60 -
30 -
0-
Machine Operator Training Material Quality Process
Calibration Temperature
Tools Used

e Cause & Effect Matrix (X-Y Matrix)
o Failure Modes and Effects Analysis (FMEA)

e Root Cause Coverage Matrix
Activities

e Score potential causes based on impact on Y, evidence, and frequency.

e Use RPN scores to prioritize top 3—5 causes to validate statistically.

Black Belt-Level Layering

o Use weighted X-Y matrix to link top Xs to CTQs quantitatively.

o |dentify root causes requiring factorial analysis or advanced validation.

Measurement
Error

Environmental
Factors




STEP 4: Conduct Exploratory Data Analysis (EDA)

Comparson acrovs on Box Plot

Material Defect

Cosmetic Defect

Tools Used

\ge Euticorm in Age b

i
} _ \'

Packaging Error
5 0 0 .
5 d ) Location

Pareto Defect

¥ categoriey

e Stratified Histograms
e Box Plots

e Pareto Charts

o Scatter Plots

e Multi-Vari Charts (Advanced)
Activities

e Visualize relationships between Y and suspected Xs.
e Compare means and variation across segments.

o l|dentify patterns, clusters, and trends in stratified data.

Black Belt-Level Layering

e Apply multi-vari analysis to detect variance by machine, time, or operator.

e Build dynamic visuals using dashboards for exploratory slicing.

S [ | |

185,00 10%
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Independent Variable



STEP 5: Perform Hypothesis Testing

Tools Used

e 2-Sample T-Test / 1-Way ANOVA / Paired T-Test
e Chi-Square Test (for categorical data)
e Mann-Whitney or Kruskal-Wallis (non-parametric)

e Proportion Test (for pass/fail metrics)

Activities

Statistically validate which inputs (Xs) affect outputs (Y).

Establish confidence levels using p-values and effect
sizes.

Confirm or reject suspected root causes.

Black Belt-Level Layering

Use effect size (Cohen's d, Eta-squared) to evaluate
practical significance.

Present hypothesis test results with visual interpretation
(not just p-values).



STEP 6: Correlation and Regression Modeling

75=

50 A

25+

0 1 1 1 1 1 1

B Input Variable X [ Output Variable Y

Tools Used

e Correlation Matrix (Pearson / Spearman)

e Simple and Multiple Linear Regression

o Stepwise Regression / Best Subset Regression
e Logistic Regression (if Y is binary)

e Variance Inflation Factor (VIF) — for multicollinearity check
Activities

e Quantify relationships between multiple Xs and Y.
o Identify the strongest predictors and their interaction effects.

e Create predictive models to simulate Y based on input changes.

Black Belt-Level Layering

e Conduct residual analysis to validate model assumptions.

e Use adjusted R?, p-values, and VIF to refine model.
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STEP 7: Confirm Root Causes

Root Cause p-value

Machine Calibration 0.002

Operator Training 0.031

Material Quality 0.008

Process Temperature 0.127

Measurement Error 0.562
Tools Used

e Root Cause Validation Matrix

e Validated X Summary Table (with p-values and effect sizes)

e Causal Chain Diagrams

Activities

o Finalize list of statistically proven root causes.
e Document linkages from each validated X to Y.

e Prepare data and insight transfer into Improve Phase.

Black Belt-Level Layering

Effect Size
0.78 (Large)
0.45 (Medium)
0.62 (Large)
0.22 (Small)

0.11 (Negligible)

¢ Include confidence intervals and graphical overlays in validation table.

e Prepare simulation-ready X levels for DOE in Improve Phase.

Validated?

Yes

Yes

Yes

No

No



STEP 8: Analyze Phase Tollgate Review

Analyze Phase Checklist

Analyze Pllmrd_y;

Anclyzs Phiase Reviow Comprehensive verification of all required deliverables for the Analyze phase

Tollgate Presentation Deck

Regrestion Analysis Results

(ev.16850.00.00)

Executive summary of findings and validated root causes

Refined Problem-Solution Map

Cause and Effects Progrus
= Visual representation of validated X — Y relationships

Outputs
Manufacturing

Y Processing
7’/ \4\ | - Finished prodman +
= ‘ } in Out pouts

Activities

e Present cause validation process, hypothesis testing results, and regression insights.

e Review actionable vs non-actionable causes.

e Obtain sign-off for solution design in Improve Phase.
Black Belt-Level Layering

e Include "control impactability" rating for each X (can we act on it?).

e Align Xs to Lean wastes or failure points if applicable.
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POWERFUL TOOL COMBINATIONS TO TEACH

Tool Pair Why It's Powerful

Fishbone + FMEA Combines qualitative structure with quantitative
prioritization

Box Plot + ANOVA Visual + statistical validation of group differences
Multi-Vari + Control Chart Uncovers hidden temporal or spatial variance
Regression + VIF Identifies predictors while avoiding multicollinearity
Hypothesis Test + Effect Size Distinguishes significance from relevance

BLACK BELT PITFALLS TO AVOID

Running tests without first checking normality and variance assumptions
e Interpreting correlation as causation

e Selecting predictors based only on R? (without p-values or VIF check)

e Using too many variables in regression without model parsimony

e Ignoring residuals and model diagnostics after regression
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IMPROVE PHASE (BLACK BELT PROJECT): STEP-
BY-STEP TOOL FLOW

Solution Generation

@ Creative and benchmarking approaches

Multi-Variable Optimization

19
Statistical design of experiments
o Behavioral Changes
~O~
= Human factors in solution design
Technical Solutions
o

Process and system improvements

Assumption:

e Root causes (Xs) have been statistically validated in Analyze Phase.
e The process and environment are complex, requiring multi-variable optimization.

e The solution space includes behavioral, technical, and system-level changes.



STEP 1: Solution Generation (Creative + 2

Benchmarking Blend)

X Brainstorming / Nominal Group Technique 4 SCAMPER Technique

Structured idea generation methods Creative thinking framework (Substitute, Combine,

Adapt, Modify, Put to other use, Eliminate, Reverse)

() Benchmarking 5% TRIZ
Internal and external best practice research Theory of Inventive Problem Solving (optional)
Activities

Generate innovative and practical solutions to eliminate or control validated Xs.
Use idea clustering (affinity map or prioritization wall).

Study analogous industries for proven strategies.

Black Belt-Level Layering

Use reverse thinking or contradiction resolution (TRIZ).

Facilitate multi-functional innovation sessions for system-level design options.



STEP 2: Screen and Select Solutions

Automated Calibration
Enhanced Training
Material Inspection
Process Redesign

Digital Monitoring

1 1 1
0 40 80
B 'mpact Score [ Feasibility Score

Tools Used

e Effort vs Impact Matrix
e Pugh Matrix / Multi-Criteria Decision Matrix
e XY-Solution Mapping Table

Activities

e Rate and rank solution ideas based on criteria (impact, risk, cost, effort, feasibility).
e Ensure each solution targets one or more validated Xs.

e Eliminate low-value or redundant options.

Black Belt-Level Layering

¢ Include "Control Impactability” and "Cultural Resistance" in decision matrices.

e Use Delphi method for expert scoring (optional for strategic solutions).

120



STEP 3: Link Solutions to Root Causes

Root Cause Solution ImpactonY
Machine Calibration Automated Calibration System High
Operator Training Enhanced Training Program Medium
Material Quality Supplier Certification + Inspection High
Process Temperature Digital Monitoring System Low

Tools Used

¢ Root Cause — Solution Matrix
e X-Y Impact Path Mapping

e Solution-Driver Alignment Table
Activities

e Confirm one-to-one or one-to-many relationships between causes and solutions.
o Ensure all validated root causes are addressed by at least one intervention.

e Trace solution impact from process level up to CTQs.

Black Belt-Level Layering

e Align solutions with Lean waste elimination logic (e.g., rework, waiting, overproduction).

e Prepare inputs for simulation modeling or DOE in next step.
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STEP 4: Optimize Using Design of Experiments
(DOE)
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Full Factorial DOE Response Surface Methodology Interaction Plots

Comprehensive experimental design Advanced technique for optimizing Visual representation of how factors
testing all factor combinations process parameters interact to affect the response

Activities

o Experiment with combinations of input variables to find optimal Y performance.
o Study interaction effects and detect nonlinearities.

o Use regression models to find settings that maximize/minimize Y.

Black Belt-Level Layering

e Run DOE to simulate multiple factor combinations and surface best conditions.

e Use results to propose new setpoints or procedural changes.



STEP 5: Conduct Simulation (Optional for
Digital/Systemic Projects)

Queuing Model simulation

The hi
Data ey Lo B0% —p erougthimput 5 g
Data |Langet In.5% ]

2.000/mm

10% —  ——=t——2 Average o 6%

R e o 2k 3% Wait Time:
e e

) 9.50 4.60 1.70 1250 200 10.05

Average Value

Tools Used

e Process Simulation Software (e.g., Arena, Simul8, AnyLogic)
e Monte Carlo Simulation

¢ Queuing Model or Bottleneck Analysis
Activities

e Simulate flow under new solution conditions (digital twin logic).
e Quantify impact on queue times, WIP levels, or system throughput.

e Forecast performance under variation.

Black Belt-Level Layering

e Run 10,000+ iterations using Monte Carlo for robust scenario testing.

o |dentify upper/lower bounds of solution performance.
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STEP 6: Conduct Risk-Based FMEA (Post-Solution
Design)

Tools Used Activities

¢ Improved FMEA Template o Evaluate risks introduced by new solutions.

e Updated RPN / SOD Matrix (Severity, Occurrence,  |dentify control actions or error-proofing to prevent failure
Detectability) modes.

e Preventive Action Planning Table e Update risk prioritization for rollout planning.

Black Belt-Level Layering

e Use dynamic FMEA that evolves with new iterations.

e Link high-risk items to specific SOP revisions or controls.



STEP 7: Pilot the Solution

Pilot Plan Template

Comprehensive document
defining scope, metrics,
duration, and triggers for
the pilot implementation

Run Charts / Control
Charts

Real-time monitoring tools
to track performance
throughout the pilot
period

A/B Test Setup

Optional comparative
testing methodology for
evaluating solution
effectiveness

Activities

o Test the solution(s) in a live environment but with limited exposure.
e Monitor CTQ metrics and process stability throughout.

e Gather user/stakeholder feedback for refinement.

Black Belt-Level Layering

e Set up a pilot control room or visual dashboard for real-time decision-making.

o Use stratified control charts to detect subgroup behavior.

Feedback Collection

Structured approach to
gathering user and
stakeholder input during
the pilot



o
=

STEP 8: Statistically Validate the Improvement =2

LE

120 -
80
40
0-
Defect Rate (%) Cycle Time (min) First Pass Yield (%) Customer Complaints
B Before [ After
Tools Used

o Before—After Testing (T-Test, ANOVA, Proportion Test)
o Effect Size (Cohen's d, Eta?)
e Control Chart Comparison (Pre vs Post)

Activities

o Confirm the improvement is statistically and practically significant.
e Compare baseline performance to pilot/post-pilot metrics.

o Validate changes to both Y and contributing Xs.

Black Belt-Level Layering

e Include delta performance charts (pre-pilot, during pilot, after pilot).

e Forecast confidence in solution repeatability.



STEP 9: Finalize Solution Design

tandard Operating Procedur-e »

AT Future-State Process Map
— Processing

Visual representation of the improved process flow

Cnline
. Deligries at community

Process Datiwaits
— Foar*  [Dation, ]
Intake Review < (ulinia)
& [@2)+ nme] 4

lmbl‘emeﬁtatioh — Monitoring

Standard Operating Procedures

Detailed documentation of the new process steps and requirements

ou're Ultentiaicon from Procetulity

Error-Proofing / Poka-Yoke

Physical or digital mechanisms to prevent errors

Activities

Document the improved process flow.
Update all work instructions and training tools.

Apply Lean tools to support consistency and visibility.

Black Belt-Level Layering

Use Lean cell design, kanban, or digital automation where applicable.

Implement visual signals or Andon-style alerts for performance deviation.

LEAN Hf



STEP 10: Improve Phase Tollgate Review

Tollgate Checklist

Comprehensive verification of all required deliverables for the Improve phase

[ Improvement Validation Report

Statistical evidence of solution effectiveness

é DOE Summary

Results from design of experiments (if used)

Solution—Cause-Y Linkage Report

Documentation of how solutions address root causes

Pilot Results Dashboard

Visual summary of pilot performance metrics
Activities

e Present tested and validated solutions.
o Justify why these will sustain long-term impact.

e Obtain sign-off to proceed to Control Phase and full implementation.

Black Belt-Level Layering

¢ Include benefits realization forecast and solution sustainability plan.

o Tie each solution to FMEA and control strategy.



POWERFUL TOOL COMBINATIONS TO TEACH

Tool Pair

Pugh Matrix + Root Cause Matrix
DOE + Regression

FMEA + Pilot

A/B Test + Control Chart

Simulation + Monte Carlo

BLACK BELT PITFALLS TO AVOID

e Skipping DOE when multiple Xs interact

o
=
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Why It's Powerful

Prioritizes solutions with cause alignment

Optimizes variable settings while modeling performance
Minimizes solution failure by anticipating risks

Validates impact over time in two controlled environments

Handles variability and uncertainty in systemic changes

e Assuming pilot success = long-term viability without statistical proof

e Failing to update process documentation or risk controls
e Underestimating behavioral and cultural barriers to rollout

e Using FMEA as a checklist instead of a decision-making tool



CONTROL PHASE (BLACK BELT PROJECT): STEP-
BY-STEP TOOL FLOW

Long-Term Sustainment

(5 Ensuring improvements last beyond the project

Ownership Transfer

E%0

Transitioning control to process owners

Variation Detection

Early identification of process drift

Control Methods

7ot

Statistical, visual, procedural, and behavioral

Assumption:

e Solutions have been successfully piloted and statistically validated in Improve.

e We must now ensure long-term sustainment, ownership transfer, and early detection of variation, using a mix of statistical,
visual, procedural, and behavioral controls.

o
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STEP 1: Develop the Control Plan

Tools Used Activities
e Detailed Control Plan Template e Define control points for critical Xs and Ys.
e X-Y Control Matrix e Specify monitoring method, frequency, control limits, and

e Response Plan Table response actions.

e Process Control Owner Tracker e Assign ownership to process stewards or team leaders.

Black Belt-Level Layering

e Include early warning indicators (EWIs) and leading
metrics.

e Connect each control point to FMEA outputs and SOPs.



STEP 2: Implement Statistical Controls

120 -
[ @ @ @ @ @ ® ®
® @ @ @ @ @ @ .

80 -

40 -
0 1 1 1 1 1 1 1 1

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
B Process Value B Upper Control Limit B Lower Control Limit
Tools Used

e Control Charts (X-R, I-MR, P, U, etc.)

e Zone/Nelson Rules for signal detection

e Control Chart Dashboard (digital preferred)

e SPC Automation Scripts (SQL, Minitab, Power Bl)

Activities

e Monitor performance using appropriate control charts.
o Trigger escalation when control rules are violated.

e Maintain continuous process surveillance.

Black Belt-Level Layering

e Automate control chart generation and alerts.

e Use multivariate SPC if multiple outputs are correlated.



STEP 3: Standardize the Improved Process

Emergency Shutdown Procedure Stampate work tnal
I P ol
e o " i m—
' A —
pose: 4 = e
A 2. Measure current 4.Analyze the data 4.Improve the
nmediately press the larg edirediystop hutton. perfarmance ruler analyze the data arrow up icon

arge red red emergency stop button
cedure:

Evacuate thaise the area

evuate, ake incident for imnorfing supervisor

This aligening cDno

3eport the nident to: Report for incident to the supervisor.

Tools Used

e Updated SOPs
e Standard Work Templates
e Visual Work Aids (checklists, photos, diagrams)

e Work Cell Reconfiguration Plans (if physical layout involved)

Activities

e Formalize the improved process with clear, simple, visual standards.

o Ensure version control and easy access.

e Train staff on updated procedures.

Black Belt-Level Layering

e Integrate SOPs into digital knowledge bases or workflow systems.

e Link SOPs to onboarding and refresher training modules.

Adjurtable standing bock

Reception  Meeting Room

Tearn Leads

Collaborate Space
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STEP 4: Error-Proof the Process

Poka-Yoke Techniques

Physical or digital mechanisms that prevent errors from occurring

&2 POKA -YOK
r pz {

Visual Controls

Color coding, error flags, and visual cues to prevent mistakes

Mistake-Proofing Assessment

Systematic evaluation of potential error points and prevention methods

Activities

¢ Install physical or digital mechanisms that prevent common errors.
o Create visual cues for incorrect configurations or steps.

o Build fail-safes for high-risk conditions.
Black Belt-Level Layering

e Design systems with default constraints (e.g., UlI/UX that prevents invalid input).

e Simulate "what-if" failure scenarios and test containment.



STEP 5: Transfer Ownership and Build 2
Sustainment Capability

RACI Transfer Matrix ) .
o Skills/Competency Matrix
Clear documentation of role S

t it = Assessment of team capabilities
ransitions

Coaching and Behavioral 14y Sustainment Training Plan
Reinforcement S Structured approach to knowledge
Ongoing support for new behaviors transfer
Activities

e Transition control to operational owners (line managers, supervisors).
e Train and certify team on new roles, tasks, and controls.

o Establish coaching plans or check-ins for accountability.

Black Belt-Level Layering

e Use cultural sustainment tools like rituals, visual KPIs, and peer audits.

o Build capability maps to assess cross-training coverage.
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STEP 6: Launch Audit and Monitoring Systems 2

LE

Process Audit Checklists Gemba Walk Schedule Control Plan Compliance

e Structured verification of e Planned observations of the Tracker
process adherence process in action e Monitoring adherence to control

« Layered Process Audits (LPA) « Direct engagement with process plan requirements
with different management operators e Documentation of deviations and
levels o Real-time verification of controls corrective actions

e Regular schedule of reviews e Trend analysis of compliance

over time
Activities

o Establish auditing cadence and audit owners.
e Review compliance to control plans and SOPs.

e Track audit results and continuous improvement suggestions.

Black Belt-Level Layering

e Deploy Layered Process Audits (LPA) with different management levels.

e Link audit scores to reward systems or dashboard KPlIs.



STEP 7: Document Benefits and Realized Value

$1.2M

Annual Savings

Direct financial impact from improvements

35%

Cycle Time Improvement

Increase in process efficiency

Tools Used

Benefits Tracker (Hard/Soft Savings)
Control Phase ROI Calculator
Actual vs Projected Financial Impact Summary

Sustainment Impact Log

Activities

Quantify final cost, time, quality, and customer impact.
Validate improvements with Finance or Operations.

Report one-time and recurring gains.

Black Belt-Level Layering

Segment benefits by business unit or function.

Include customer satisfaction or employee morale metrics if applicable.

42%

Defect Reduction

Decrease in quality issues

4.2

Sigma Level

New process capability



STEP 8: Institutionalize Lessons Learned

i

[E] Lessons Learned Log Knowledge Transfer

Checklist

of project insights Structured approach to sharing

Comprehensive documentation
project learnings
Activities

e Capture what worked, what failed, and what surprised the team.
e Share lessons internally or externally.

e Feed learnings into future projects or training programs.

Black Belt-Level Layering

e Submit improvements to a Center of Excellence (CoE) or governance board.

[~ Final Process Repository
Archive

Centralized storage of all project
documentation

e Archive data and visual controls into a knowledge base (e.g., Confluence, SharePoint).



STEP 9: Celebrate and Close the Project o)
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Project Closure Template Recognition Plan

Formal documentation of project Structured approach to acknowledging
completion and handover team contributions

Activities

e Formally close the project with documented success and ownership transfer.
e Recognize team contributions and celebrate business value.

o Share the story across departments or at leadership forums.

Black Belt-Level Layering

o Package story into a case study format for internal/external learning.

e Include ROI, culture shift, and behavioral change in success framing.

Storytelling Summary Deck

Compelling narrative of the project
journey and outcomes



STEP 10: Control Phase Tollgate Review 2

Control Phase Checklist Control Plan Implementation Evidence

Comprehensive verification of all required deliverables Documentation of control mechanisms in place

[l) Statistical Monitoring Data

peD

Ownership Transfer Summary

Post-rollout performance metrics Confirmation of successful transition to process
owners

Activities

e Present final deliverables to sponsor/champion.
e Validate that controls, ownership, and KPIs are active.

e Get final project closure sign-off.

Black Belt-Level Layering

e Include "early risk watch" indicators in ongoing dashboard.

e Confirm governance handoff (e.g., process owner — performance board).
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POWERFUL TOOL COMBINATIONS TO TEACH

Tool Pair Why It's Powerful

Control Plan + Control Charts Formalizes monitoring + real-time insight

SOP + Poka-Yoke Creates behavioral and physical mistake-proofing
Skills Matrix + Audit System Ensures accountability and capability checks
Benefits Tracker + Financial Validation Confirms value capture, not just delivery

Lessons Learned + Storytelling Deck Propagates improvement mindset organization-wide

BLACK BELT PITFALLS TO AVOID

 Failing to automate or standardize controls (leads to process drift)

e Not linking control actions to real root causes

e Thinking control = "monitoring only" without capability development

e Ignoring behavioral sustainment (what people do, not just what they say)

e Closing the project without verifying real-world control plan usage
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Six Sigma Black Belt Project Methodology 2
Summary

Define Phase @
Establish project scope, goals, and business
alignment
& Measure Phase
Validate measurement systems and establish
baseline performance
Analyze Phase iy}
Identify and validate root causes through statistical
analysis
20 Improve Phase
Develop, test, and implement solutions to address
root causes
Control Phase =)

Ensure long-term sustainment of improvements
through standardization and monitoring

The Six Sigma Black Belt methodology provides a comprehensive framework for process improvement, combining statistical
rigor with practical implementation strategies. By following this structured approach, organizations can achieve significant,
sustainable improvements in quality, efficiency, and customer satisfaction.



