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Introduction 
Six Sigma, pioneered by Motorola and popularized by General Electric, is one of the primary 
quality initiatives of our time.  Six Sigma has been billed as a critical business tool for the 21st 
century.  In a fast changing business environment, companies have used Six Sigma initiatives to 
gain improvements in process and product quality.  The success that companies have enjoyed 
lies in the ability to tie project results directly to improved customer satisfaction ratings and 
bottom line savings. 

The name, Six Sigma, is taken from the approach’s statistical roots.  If a product or process has a 
six sigma level of consistency, then it is experiencing only 3.4 defects per million.  In other 
words, six sigma products and processes are 99.99966% consistent.  In order to reach these 
results, Six Sigma efforts pursue the following five objectives: 

• Define the problem area in objective terms 
• Measure the performance of products and processes 
• Analyze the problems to identify root causes 
• Improve the results by redesigning processes and reducing variation 
• Control the processes to ensure the improvements are permanent 

Proforma’s Model Driven Six Sigma solution uses a combination of business modeling and 
statistical analysis to improve business processes.  Business modeling provides for a concise 
structure and definition of all aspects of the business.  Statistical analysis aids in pinpointing 
current process problems, and verifies the expected level of performance improvements a 
redesigned process should realize.  This paper is intended to show how the ProVision Modeling 
Suite supports Six Sigma efforts.  Some basic familiarity with the ProVision software and Six 
Sigma is assumed. 
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Six Sigma Project Overview 
A classical Six Sigma project consists of 5 phases: Define, Measure, Analyze, Improve and 
Control (DMAIC): 

Define:  In the Define phase, project objectives and boundaries are set.  These project objectives 
are based on the organization’s business goals, customer needs and knowledge of processes that 
must be improved in order to reach a higher sigma level.  The primary outputs of the Define 
phase are: 

• Project Scope visually related in a Business Interaction Model 
• Critical Goal Model based upon “the Voice of the Customer” 
• Association matrices of critical goals to business deliverables and business processes 
• Supplier-Input-Process-Output-Customer (SIPOC) Model for each business process 
• Impacted roles optionally structured in an Organization Model 

Measure:  In the Measure phase, the goal is to pinpoint the location or source of problems by 
building an understanding of existing process conditions and problems.  An important output of 
this phase, built within ProVision, is the “As-Is” Workflow Model.  This model aids in 
understanding the business process, and identifies where measurements should be taken. 

Analyze:  In the Analyze phase, theories about the cause of process problems are proposed, 
confirmed (or rejected) with data, and ultimately the root cause(s) are identified.  The primary 
outputs of the Analyze phase are: 

• Cause and Effect Model 
• Association matrix showing the impact on critical goals by current problems 
• Detailed “As-Is” Workflow Model 
• Simulation results of the current process highlighting process problems 

Improve:  In the Improve phase, solutions are proposed, developed, evaluated and 
implemented.  The primary outputs of the Improve phase are: 

• Opportunity Model 
•  “To Be” Workflow Models showing possible solutions 
• Simulation results of the proposed solutions to evaluate alternatives 
• Association matrix comparing opportunities to problems 

Control:  During the Control phase, a solution is determined for each process and plans are 
made for its implementation.  Putting a solution in place can fix a problem for the moment.  The 
Control phase is intended to make sure the fix is permanent and steps are in place to refine and 
further improve the new process over time.  Important to this phase are the creation of standards 
and documentation of the new, improved process. 

Each of these Six Sigma project phases is further described in the remainder of this document.  
Detailed examples of the supporting ProVision models are also displayed and described. 
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The Define Phase 
The Define phase establishes the purpose and overall scope of the Six Sigma project.  The scope 
document describing a Six Sigma project includes a clear statement of the project charter and 
business case (i.e., the motivation for the project). From a business modeling perspective the 
Define phase produces: a Business Interaction Model showing the impacted organizations and 
customer base; a goal model driven by the requirements of the customer; and, a high-level 
SIPOC model for each of the processes falling within the scope. 

Business Interaction Model 
The Business Interaction Model (BIM) is used to create the overall strategic view of the 
business.  This view covers the entire breadth of the Six Sigma project from an organizational 
standpoint.  This view may encompass multiple key business processes performed by the 
organizations shown in this model. 

The Business Interaction Model shows the organizational boundaries within the business, and the 
primary relationships between both internal and external organizations.  Since the entire 
enterprise is too large to address during a single project, a typical Six Sigma effort covers a 
portion of the business referred to as the business domain.  The region in the center of the 
Business Interaction Model represents this business domain.  The model defines the boundaries 
of the project by placing the business domain within the context of its suppliers, customers and 
competition.  The Business Interaction Model does not concentrate on the definition of the 
organizational units, but rather on the relationships between the organizations, which involve the 
passing of goods and information across political boundaries.  These interactions with the 
customers, suppliers, competitors, and major internal organizations are evaluated to identify 
critical goals. 

 
Business Interaction Model showing major relationships between organizational units. 
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The Business Interaction Model serves as the basis for identifying other components in the 
Define phase.  The model identifies the customers that will be queried to identify critical issues 
and customer requirements.  In fact, each interaction has an organizational unit in the role of the 
customer (typically the customer is on the arrowhead side of the relationship).  This allows 
critical customer goals to be identified throughout the scope. 

Each major interaction serves as the trigger for, a major component of, or the result of a key 
business process.  Each of these processes is outlined using a SIPOC model.  The identified 
business processes then become the candidates for process improvement.  The identified 
business processes are then mapped against the critical customer goals to identify which should 
be given a higher priority. 

Critical Goal Model 
A Critical Goal Model is used to identify the issues that are important to the customer.  The goals 
are categorized in the model using a general-to-specific format.  The customer-driven goals are 
organized into major categories, logically grouped by issues that are customer focused.  Example 
groupings include customer requirements that are critical-to-quality, critical-to-delivery, critical-
to-cost and critical-to-process.  Critical-to-process goals typically target internal activities that 
support the attainment of the customer critical goals. 
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A Critical Goal Model driven by “the Voice of the Customer” 

The critical customer goals aid in scoping the Six Sigma effort by helping the participants focus 
their improvement efforts.  These goals express the issues that are the key drivers to customer 
satisfaction.  Such issues may determine the products and services offered by the business, or 
influence the features and functions of current products and services. 
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The high-level customer goals shown in the preceding model facilitate the identification of 
detailed customer requirements.  These requirements typically contain specific, measurable 
criteria to judge attainment of the goals.  The next phase of the Six Sigma project (Measure) will 
capture the actual measurements of these requirements as a critical attribute.  

The Business Interaction Model identified the critical relationships between the suppliers, 
customers, competitors, and major internal organizations.  These relationships express the key 
process variables (deliverables) passed between these participants.  These deliverables will be 
measured to assess our achievement level of the critical goals.  An association matrix is created 
between the critical goals and the deliverables identified in the BIM.  This association matrix 
provides a picture of how the critical goals relate to the relationships between suppliers, internal 
organizations, and ultimately our customers. 

 
Example of a Goal-to-Deliverable association matrix 

SIPOC Model 
A SIPOC Model is built for each business process within the scope of the Six Sigma project.  
The SIPOC Model establishes the boundaries of a particular business process.  SIPOC is an 
acronym for Suppliers, Inputs, Processes, Outputs and Customers and shows how these business 
entities interact at the boundary of the process.  A business process is a time bounded set of 
activities that consumes resources and produces products and/or services.  Each process’s SIPOC 
model provides the reader with a firm idea of the beginning of the process (by showing its 
resources and suppliers), and the ending points of the process (by showing its outputs and 
customers).  The SIPOC Models provide a process-driven approach to divide the entire scope of 
the Six Sigma project into manageable partitions. 
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The SIPOC Models define the high-level process participants that are included in the scope of 
this Six Sigma project.  The SIPOC Model is created after a Business Interaction Model, or in 
place of, if the scope of analysis is confined to a single business process.  A SIPOC model can be 
built using the specific process under study as its domain.  The following example displays a 
SIPOC Model built using ProVision’s Use Case Modeler: 
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A SIPOC Model for the Fill Order business process 

The business processes identified in the SIPOC Models are associated with the critical business 
goals.  This serves as a cross-checking mechanism to ensure a complete set of goals and 
processes have been identified.  As with the deliverables, business processes are associated to 
goals using an association matrix.  Typically, customer-driven goals are supported by the 
business’s core processes (those which produce the products and services delivered to 
customers).  Support processes (those supporting the core processes, such as Manage Finances) 
may address only a few customer-driven goals. 

 
Example of a Goal-to-Business Process association matrix 

Based upon the organizations identified in the Business Interaction Model and the SIPOC 
Models, an Organization Chart can also be produced during the Define phase.  This model 
indicates the organizations and roles impacted by this Six Sigma project. 
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The Measure Phase 
Armed with the deliverables from the Define phase, the Six Sigma team begins the detailed work 
in the Measure phase.  The objective of the Measure phase is to evaluate how well customer 
requirements are being met, and how efficient the organization is in meeting those requirements.  
The measurement data collected precisely identifies the source and nature of existing problems 
that inhibit meeting these requirements in an efficient manner.  This is accomplished by 
establishing a factual understanding (via modeling and measurement) of the current processes.  
This investigation helps narrow the problems that must be examined during the Analysis phase.  
These measurements also establish a benchmark against which process improvements can be 
compared. 

As-Is Workflow Model 
Before measurements can be taken the Six Sigma team must understand the flow of 
responsibility and how work is currently performed within each process.  This current picture of 
a process is developed using a Workflow Model.  Creating a detailed model for each process 
provides the following advantages: 

• Focus – A workflow model takes a large process and renders it in manageable pieces for 
analysis. 

• Context – A workflow model puts critical problems in the context of where and how they 
occur. 

• Targeted Measurements – A workflow model identifies where and when the 
measurements should be taken. 

• Obvious Causes – Modeling a process can expose the obvious problems occurring in the 
process.  The obvious errors are occasionally referred to as “low-hanging fruit” because 
of the ease of identifying and correcting the problem. 

Using the SIPOC Model, as the scope of the process, the Six Sigma team builds an “As Is” 
Workflow Model for each process.  The Workflow Model is a visual representation of the 
process, which clearly shows: 

• The beginning and end of the process 
• Each activity that makes up the process and the sequence in which they occur 
• Where decision points occur 
• The organization or role responsible for each activity 
• Where work is handed off from one organization to another (a frequent source of quality 

problems and inefficiencies) 
• Where computer systems are invoked to support the process 
• Major deliverables moving from activity to activity within the process 
• The complexity of the process (complex processes usually have more quality problems 

than simple ones) 
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An “As-Is” Workflow Model for the Fill Order business process 

A key feature of the Workflow Model (indeed, every model built within ProVision) is the 
Interpreter.  At the click of the mouse the Interpreter translates the model into simple text.  The 
combination of the visual model with the descriptive text makes up essential documentation of 
the processes. 

 
A Workflow Model side-by-side with its Interpretation 

Using the Workflow Models as a guideline, the Six Sigma team develops their sampling strategy.  
This strategy includes what to measure, how to measure, how often to measure, etc.  The 
measurement data is placed in a tool, such as Minitab or Microsoft Excel, for performing the 
detailed analysis in the following phase. 
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The Analyze Phase 
The objective of the Analyze phase is to identify the root causes of problems within the business 
processes.  The analysis takes the form of both process and data analysis.  Process analysis 
examines how work is performed.  This analysis identifies inconsistencies, process disconnects 
and other inefficiencies that lead to problems.  Data analysis uses the measurement data, 
gathered in the previous phase, and evaluates it.  Data analysis can suggest patterns, tendencies 
or possible causes for the problems.   

During the Measure phase, the “As-Is” Workflow Models were built and the data surrounding 
the processes were gathered.  Based on the models and data, the Six Sigma team develops 
theories of the root causes of the problems, confirms those theories, and associates the root 
causes of problems with the appropriate business process components.  To assist in the 
identification or verification of the root causes, the details of the process are simulated to reveal 
bottlenecks, inspect process cycle times, etc. 

Cause and Effect Model 
The Cause and Effect Model structures the root causes of the primary problems in the business.  
This graphical representation of cause and effect helps to visualize the impact relationship that 
problems have on each other.  The Cause and Effect Model is an effective interactive analysis 
tool for structuring the problem investigation during the Analyze phase.  It’s high-level broad 
categories keep the Six Sigma team from concentrating on a single problem area.  As the 
Analyze phase continues, the Cause and Effect Model assists with keeping track of which causes 
have been investigated, and which have the greatest impact on the primary problems. 
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A Cause and Effect Model for Production Variances 



Model Driven Six Sigma 

© 2003, Proforma Corporation. All rights reserved.  Page 10 

The Cause and Effect Model is created within ProVision’s Problem Modeler.  The root causes 
can be mapped back against the critical goals using an association matrix.  This relationship is 
another excellent exercise for assessing the priority of developing solutions for the identified root 
causes.  The root causes associated to our high priority goals should be given greater attention 
and focus.  

 
Example of a Goal-to-Problem association matrix 

Process Simulation 
Often visual inspection and analysis of the Workflow Model can assist in identifying the root 
causes of problems.  Items identified during inspection include: 

• Bottlenecks – Bottlenecks are points in the process where multiple flows converge on a 
single activity.  Bottlenecks prolong cycle time when certain inputs arrive and must wait 
for other inputs, or there are inadequate resources to manage all of the inputs. 

• Disconnects – Disconnects occur when the handoff from one responsible participant to 
the next is poorly handled.  Typically, this is the result of deliverables not being in a form 
that is usable by the receiving participant, or an effective communication mechanism has 
not be set up between participants.  Disconnects typically occur when the overall process 
has not been properly designed. 

• Redundancies – Redundancies are activities that are performed repeatedly throughout the 
process by different participants.  Redundant activities waste time and money and are not 
considered to add value by the customer of the process. 

• Rework – Rework is recursion that occurs in the process to correct errors.  When 
deliverables ‘loop back’ in the process flow, additional cost is incurred to rework the 
deliverables and time is wasted in delivering the results to the customer. 
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• Serialization – Serialization occurs when all activities within a process are performed in 
sequential order.  While some processes may require this (e.g., manufacturing processes), 
opportunities should be identified where activities can be performed in parallel.  When 
activities are performed in parallel the cycle-time for the entire process is shortened. 

In addition to the visual modeling constructs, the Workflow model can also capture meaningful 
data about each component in the process, including: 

• Frequency of events that trigger the process 
• Activity timing 
• Transit times between activities 
• Activity costs 
• Required resources and commodities 

These data elements can form the basis for additional theories regarding process performance 
inhibitors (i.e., problems).  The ultimate form of process analysis is to use the Workflow Model 
as the basis for simulating the process.  ProVision offers two forms of simulation:  

1. Monte Carlo simulation, which is useful for calculating process timing and analyzing the 
process’s activity based costs.  Monte Carlo simulation assumes infinite resources are 
available to run the process in order to determine the amount of resources actually 
necessary. 

2. Discrete event simulation, which is useful for analyzing bottlenecks, resource constraints, 
excessive queuing in the process, etc.  Discrete event simulation is more sophisticated 
than Monte Carlo simulation because it considers the frequency of events, the capacity of 
activities, and the availability of resources. 

Both simulators produce a variety of charts and graphs that facilitate analysis of the process, 
revealing an even more detailed understanding of process issues. 

 

 
Example of Process Timing results produced within ProVision for Timing Analysis 

During the Analyze phase, the ProVision Modeling Suite can be augmented with detailed data 
gathering and statistical analysis tools, like Minitab.  Modeling and statistical tools, when used in 
tandem, can confirm or reject the theories proposed in the Measure phase.  The Analyze phase 
produces verified theories of the source of errors and quality problems. 
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The Improve Phase 
During the Improve phase, solutions are proposed, developed, evaluated and implemented.  The 
possible solutions that serve as a starting point are referred to as opportunities.  An opportunity is 
a chance to improve a business process, or some portion of a business process (e.g., activities, 
deliverables, participants, etc.).  Opportunities spell out changes to the business that allows the 
performance goals to be met to some degree.  Opportunities require time, costs, risks, and 
support to enact changes and attain goals. 

Other models that describe the business domain are examined to identify opportunities for 
improvement.  The models to be examined include the Critical Goal Model, Cause and Effect 
Model, Organization Model, and Workflow Model.  The following are a set of sample questions 
that can be asked to identify opportunities: 
1. Inspect the Critical Goal Model 

• How can the organization reach the goal? 
• Where can the process be improved to increase quality? 
• What efficiencies can be realized to increase process speed (responsiveness)? 
• What inefficiencies can be driven out of the process to reduce cost? 

2. Inspect the Cause and Effect Model 
• What improvement can be implemented to address a problem? 
• What opportunity can be realized by addressing the process as a whole? 
• What assumptions in the current process design are no longer valid? 
• What has changed in the environment that can be leveraged as a competitive advantage? 

3. Inspect the Organization Model 
• Should the organization be restructured around the processes? 
• Can the skill sets within the organization be improved to perform the activities? 
• Can the organization (or its workers) be relocated to more conveniently pass work and 

deliverables? 

4. Inspect the “As-Is” Workflow Model 

Activity Opportunities: 
• Can the activity be more cost effective (ratio of value to cost)? 
• Can the activity be performed more quickly? 
• Can the activity make more efficient use of its resources? 
• Should the skill level of those performing the opportunity be raised? 
• Would different tools or resources improve the performance of the activity? 

Supplier Opportunities:  
• Can we communicate with our suppliers more effectively? 
• Can we assist in improving our supplier's performance? 
• Are there other suppliers capable of providing resources? 
• Can the supplier perform some of the business process's initial activities to relieve the 

business domain of that responsibility? 

Resource Opportunities:  
• Are there other resources available of higher quality? 
• Can resources be supplied in a form that is more usable by the business process? 
• Can resources be acquired in a more timely fashion? 

Customer Opportunities: 
• Can communication with our customers be more effective? 
• Are there other markets for our products? 
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• Are there customer activities the business domain can perform to better meet the needs of 
the customer? 

• Can the customer perform some of the business domain's final activities, allowing for reduced 
prices or quicker response? 

Product and Service Opportunities: 
• Can the quality of our products and services be increased? 
• Can products and services be provided to the customer in a more convenient form? 

Intermediate Deliverable Opportunities: 
• Can deliverables be passed between activities more quickly? 
• Can deliverables be put in a usable form for the receiving activity? 
• Can the number of workflows be minimized to reduce hand-offs? 

Typically, several opportunities are available to assist the business in meeting its goals.  The key 
is choosing the right combination of opportunities and the right sequence of change 
implementation to yield the desired results.  Costs, time, risks, and support levels must be 
weighed against the benefits of pursuing the opportunities. 

Opportunity Model 
The possible solutions are categorized and shown using the Opportunity Model.  For 
completeness, these opportunities are associated with the objects in the other models that 
describe the business. 
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Example of an Opportunity Model 

The implementation of these opportunities is shown by making changes to the “As Is” Workflow 
Model, resulting in a “To Be” Workflow Model.  Hypothetical costs, timing and resource 
constraints are entered and the “To Be” model is simulated.  This is an inexpensive way to 
validate the proposed changes prior to the costly steps of implementation. 
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There will likely be several proposed alternatives, so there may be many “To Be” models.  The 
“As Is” model is re-used as the starting point, or template for all of the “To Be” workflow 
models.  Each of the “To Be” workflow models is simulated and analyzed to find the most cost 
effective scenario. 

The simulation output can also act as the basis for Return-on-Investment (ROI) analysis, which 
determines if the proposed changes are cost effective.  This ROI analysis typically becomes the 
justification for allocating funds to implement the solution. 

Once a solution (or set of solutions) has been decided upon, a separate Workflow Model for the 
implementation plan is built.  This model shows the steps necessary to actually implement the 
new, improved processes.  This model can be validated and simulated, too.  Ultimately, as the 
implementation project begins, the Workflow Model can be transferred to Microsoft Project to 
manage the project rollout. 
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The Control Phase 
The Control phase targets the on-going management of the processes that were modified during 
the Improve phase.  Unlike the other Six Sigma phases, the Control phase does not have a 
completion date, rather it ensures that the problems that were fixed stay fixed.  During the 
Control phase a number of objectives should be realized for each improved process: 

1. Verify the solution works as planned.  During the Improve phase, the process was 
remodeled within ProVision and simulated to estimate the degree of performance 
improvement.  The improved process is initially implemented in one or a few sites (i.e., 
organizations or locations) for a trial period.  During this period, a number of 
measurements are taken to verify that actual performance meets expectations.  The 
improved process should be corrected as necessary based on this ‘real world’ data.  

2. Roll out the solution across the enterprise.  Based on the success of the trial 
implementation, the improved process is implemented across all portions of the enterprise 
performing the process.  At this point process ownership should be established if it has 
not already been done so.  The process owner or owners are responsible for the on-going 
management and improvement of the business process. 

3. Make sure the problem stays fixed.  There is a basic tendency for the process performers 
to drift back to their previous method of work after a period of time.  A subset of the 
process measurements is left in place to assure continued consistency.  The key factor in 
assuring process consistency is standardization and documentation of the new process.  
ProVision’s Models and Interpretations can be published as both MS Word documents 
and HTML files that can be viewed interactively.  This readiness of process information 
can also be used as a training tool for those newly assigned to some portion of the 
process. 

4. Ensure process flexibility for further improvements.  The fact that process information is 
captured in ProVision’s repository makes it easy to keep it current.  The “To Be” models 
become the “As Is” models upon implementation.  These models can be updated with 
continuing improvements and made immediately available to anyone who wants to view 
them, even remotely through a network. 
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Conclusion 
The ProVision modeling suite is an integrated, visual process and UML modeling tool-set.  It 
helps business and information technology professionals understand, analyze, improve and 
integrate their processes.  ProVision’s strategy, process and system models provide the 
framework to effectively model all dimensions of the enterprise and support initiatives such as 
process improvement, Six Sigma, ISO certification, enterprise architecture and application 
development.  The return on investment from such projects can be truly dramatic.  The better you 
know your business—the greater your ability to continually improve your performance and 
competitiveness. 

For more information, visit Proforma’s web site, www.proformacorp.com, or call us at 
888-789-6903 or 248-356-9775. 

http://www.proformacorp.com/
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