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Chapter 17 Innovation Combination Methods - David Conley 

This paper examines the simultaneous use of manifold methodologies for the purpose of producing 

innovative solutions to challenging problems.  There are numerous paths through which problem solving 

and innovation can be pursued.  Depending on the needs and goals of any particular analysis different 

methodologies can be used to take advantage of differing system and process attributes and approach 

solution generation from different angles.  A variety of methodologies will be discussed with a focus on 

the strengths and weakness of those methods and how combining them can accelerate the process of 

innovative problem solving.  Most of the methods described are in and of themselves complex processes 

which require study and practice in order to effectively apply them.  Therefore, it is not my intention to 

teach each of the individual methods discussed below but rather to show how they can be combined 

into highly effective and targeted innovation processes.  If you are interested in learning more about an 

individual methodology discussed in this paper, I urge you to seek out additional information from other 

qualified sources.   

Problem Solving Versus Innovation 

The term Innovation has been used extensively in business and technical organizations to communicate 

the interests and needs of their operations.  In fact, many organizations use the terms "problem solving" 

and "innovation" interchangeably as if the solving of a problem automatically results in an innovation.  

This is not the case as innovation requires a solution type not created by most problem-solving efforts.  

Unfortunately, most organizations do not have a solid understanding of what the word "innovation" 

really suggests or what its pursuit entails.  According to The American Heritage Dictionary, New College 

Edition, innovate is defined as: "to begin or introduce something new; be creative."  This definition is of 

course correct in the general usage of the word, but it lacks the detail required to properly guide 

interested parties in its quest.  Among experts in the field of innovation a more detailed and exact 

definition is utilized and provides general guidance to the innovation practitioner.  "From the 

engineering perspective, creation of a new invention (innovation) always manifests as the full or partial 

overcoming of a technical contradiction (limiting situation)." [1]   Rephrased, an innovation is an 

advancement that transcends a limiting situation within the system under analysis.  Another way to 

describe these limiting situations is to refer to them as contradictory requirements within a system.  

Figure 1 provides several examples of system limiting situations, which can also be referred to as 

contradictory requirements.  For example, the first example is in relation to the size of the engine in a 

car.  The bigger the engine the more power it produces but also the more fuel it consumes.  Therefore, a 

car needs both a large and small engine simultaneously.  This is a contradictory demand of the system 

called engine.  Solving this engine problem with a system that produces both high power with low fuel 

consumption would be an innovative solution because it meets both contradictory demands 

simultaneously.  It is important to note here that while all three examples in Figure 1 involve 

contradictory requirements around the parameters of size or quantity, any system parameter could be 

at play including, but not limited to: weight, speed, volume, density, and strength.  Knowing that a 

contradictory situation must be solved in order to create an innovative solution we now understand the 

importance of incorporating contradiction resolution methods into our problem-solving processes if we 



 
indeed are seeking innovation.  Therefore, innovative problem solving is a sub-set of problem solving in 

that a solution must resolve a limitation in the system under analysis in order to be an innovative 

solution.  However, in many situations solutions are generated that indeed solve a problem but do not 

resolve any system limitations while doing so.  Therefore, if a workable solution is generated then a 

problem has been solved.  If that workable solution also happens to resolve contradictory requirements 

(refer to Figure 1) of a system parameter, or attribute, then the solution can also be considered an 

innovation.   Here in lies one of the weaknesses of most every problem-solving technique currently in 

use today; almost none of the popular methodologies address the issue of contradiction identification 

and resolution.  Therefore, they do not regularly drive innovative solutions, at least in so far as the 

technical definition of "innovation."  This is not to say that an innovative solution can never result from 

one of the prevalent problem-solving processes but since the goal is systematic and repeatable 

innovation generation, occasional success is not acceptable.  A second problem with the most popular 

problem solving processes is that while they all have a step which calls for "creating a solution" to the 

problem at hand there are few, if any, algorithms or tools within the processes by which to generate 

those solutions.   In practice most expert problem solvers would agree that the prevalent problem-

solving methods offer varying combinations of strengths and weaknesses.  If chosen wisely different 

problem-solving methods, with complimentary sets of differently focused strengths, can be combined to 

create a solid, useful, and innovative process.  Combining complimentary methodologies can result in 



fluid and well-rounded processes that provide effective tools and direction beginning with the initial 

problem identification step all the way through the verification of the implemented solutions.  In the 

remainder of this paper I will refer to methodologies as problem solving processes if they at least 

support the solution generation process.  Further, I will only refer to methodologies as innovation if they 

support the generation of solutions that are aimed at resolving contradictory system requirements 

More Detail on Defining Contradictions 

 Let us take a few minutes to better define what a contradiction model, or the modeling of a limiting 

system contradiction, looks like.  As an example, suppose that a wireless phone company needs a 

significant amount of equipment in order to improve the system's coverage area, but the company also 

wants very little equipment because it is expensive.  Generally speaking, there are two boundary 

conditions, existing at opposite ends of a continuum, that define the range of available solutions to this 

problem within the restrictions set forth by the existing system design.  In other words, based on how 

our fictitious wireless phone service provider's technical systems are designed there are two extremes 

defined by the current system limitations and therefore the solution can only exist somewhere between 

them.  Figure 2 shows these two extremes.  In situation one of Figure 2 the amount of wireless network 

equipment is at a maximum (large blue circle).  This large amount of equipment drives two results:  first 

is the cost of the system (large green circle on the left) which is very high and therefore represents a 

bad, or undesirable, situation and second is the performance, or effectiveness, of the system (large 

yellow circle on the right) which is excellent and therefore represents a good, or desirable, situation.   In 

situation two of Figure 2 the amount of wireless network equipment is at a minimum (small blue circle).  

This small amount of equipment drives two results:  first is the cost of the system (small green circle on 

the left) which is very low and therefore represents a good, or desirable,  situation and second is the 

performance, or effectiveness, of the system (small yellow circle on the right) which is poor and 

therefore represents a bad, or undesirable, situation. Therefore, the amount of equipment needed for 

services is in conflict with the need to minimize the amount of equipment for the purpose of controlling 

costs.  On one hand the company wants a large amount of cell towers, repeaters, and switching circuits 

and on the other hand the company does not want to have to pay for any equipment at all.   This 

represents a contradictory requirement that serves as a system limitation.  So, the problem to be solved 

is how can the company spend very little on network equipment but have the system perform as if there 

is a substantial amount of equipment in operation?  In order to solve this problem with an innovative 

solution it is necessary to resolve the limiting system contradiction.  The abstract model of such a 

solution is shown in Figure 3.  In this diagram the solution, which is not necessarily just based around 

equipment quantity, is shown as the "unknown" solution state shown as a white circle.  The as of yet 

unknown solution must result in the best of both worlds as reflected in the two related predecessor 

contradiction models (Figure 2).  First the solution should be relatively inexpensive (small green circle at 

the left in Figure 3) and therefore represents a good situation and second the solution should have a 

high level of performance (large yellow circle at the right in Figure 3) and therefore also represents a 

good situation. Any solution that simultaneously meets the inexpensive and high-performance 

requirements of the abstract solution model above will indeed be an innovative solution.  If you recall 

from the previously listed definition above, "an innovation is ...... that transcends a limiting situation 



 



within the system under analysis," in order to create an innovative solution it is necessary to resolve the 

contradictory requirements around the parameter of equipment quantity.  How can the system contain 

substantial equipment, in order to support the need for wireless services, and very little equipment, in 

order to control costs, simultaneously?  The purpose of this example is necessarily for driving to a 

solution but rather to demonstrate what contradictory requirements and abstract contradiction 

resolution models look like.  However, quite simplistically one solution could be to design mobile phones 



(i.e., Smart Phones) with repeater capabilities so that the collection of phones in the network are 

orchestrated to also act as the network itself.   

Combining Methods 

Unfortunately, it is not always obvious as to what the contradiction is in a system that needs resolving.  

Further, most organizations have preferred problem-solving methodologies in use within their 

operations.  The methods that have been previously accepted by an organization have the obvious 

benefit of already being familiar to, and in use within, the organization.  Additionally, the wide variety of 

problems solving methods in use today can provide unique capabilities and insights to the problem 

solver.  For example, Six Sigma incorporates rigorous statistical analysis methodologies which can help 

define the problems, and measure their impact, plus support the evaluation as to whether the 

"solution" did indeed improve the situation.  Lean (a.k.a. Toyota Production Process) provides an 

excellent framework by which to help us focus on the various types of waste that can be found in an 

operation or process.  The Plan-Do-Study-Act cycle helps the user to consider important aspects of the 

problem-solving process.  Root Cause Analysis facilitates the discovery of the fundamental causes of a 

problem by allowing a look beyond the effects that often mask the true problem sources.  However, 

none of the aforementioned methods provide any resources, or algorithms, designed for the generation 

of actual solutions, innovative or otherwise.  So, this leaves us with the question; which methodology is 

best suited to fulfill an organization's problems solving and innovation needs?  Actually, there are no 

individual methods that fulfill all problem-solving needs.  In reality, whether problems solvers realize it 

or not, multiple methodologies are employed in conjunction whenever problem solvers analyze issues 

and create solutions.  Observations during my career have revealed that the most common practice is 

the usage of a problem identification method (i.e., Lean, 6 Sigma, Kempner-Trego, etc.) followed by the 

use of the standard fall back of brainstorming as the solution generation vehicle.  This reality 

demonstrates that at the very least problem solvers utilize two methods when analyzing issues and 

generating solutions.  I propose that the most effective advancements are indeed achieved by way of 

combining methods and the best combinations are dependent upon the traits of the organization 

solving the problems and the type of problems that need to be solved.  Dr. Craig S. Flesher, author, 

academic and Chief Learning Officer of Aurora WDC, stated that "utilizing a purposefully sequenced 

combination of multiple analysis and problem solving methods is typically the best way to create 

effective and actionable results in today's complex world of business and technology." 

The Problem-Solving Path 

How do humans generally solve problems?  The complexity of our innate problems solving processes 

might surprise you, especially since that for most problems we encounter the process is executed 

somewhat unconsciously.  The complexity lies in that when we solve problems, we move through 

several problems modifications steps in generating a solution.  The Problem-Solving Pathway shown in 

Figure 4 demonstrates the generic problem-solving process we naturally use when generating solutions 

to somewhat easy problems.  For example, if the slamming of the barn door scares the livestock, we 

would quickly understand that it was necessary to keep the door from being blow shut by the wind 



 
(specific problem to simplified problem - Figure 4).  Next, we would determine that we need a way to 

keep the barn door open in the wind (simplified problem to general problem - Figure 4).  Then we would 

envision ways to keep the barn door open in the wind such as pushing against it or holding it back 

(general problem to general solution - Figure 4).  And finally, we would generate specific solution 

concepts in achieving the General Solution such as using a latch or propping the door open with a board 

(general solution to specific solution - Figure 4).  However, as mentioned, for a fairly easy problems such 

as the barn door blowing shut issue, your brain takes you through these steps so rapidly that you do not 

even know they are occurring.  However, when the problem is more complex, and we cannot 

instinctively move through the solution generation process, we attempt to jump directly from step one 

(specific problem) to step five (specific solution)  of the Problem Solving Pathway (Figure 4) creating 

unfocused or ineffective solutions (i.e., putting cotton in the livestock's ears during wind storms).  Let us 

reexamine the Problem-Solving Pathway by way of a more complex, yet still somewhat simple, problem.  

Let us assume that you need to determine how much carpet to buy for your home.  Referring to Figure 

5, if you attempt to jump from step one (specific problem - "How much carpet to buy?") to step 5 

(specific solution - "uhmm.... 1000 sq. feet?), you will most likely be wrong and either buy too much or 

too little carpeting.  If, however, we use all of the steps (Figure 5) it is quite easy to come up with an 

exact answer even though there is no way to arrive at that result without the intermediary steps.   



What does the Problem-Solving Pathway have to do with innovation?  Clearly "I need to buy 698 square-

feet of carpet for my house" is not an innovative solution.  One reason why it is not an innovative 

solution is that no contradictory requirements were resolved in obtaining the answer.  So once again, 

what does the Problem-Solving Pathway have to do with Innovation?  It is the process by which 

innovative solutions can be created.  However, as discussed previously, in order to create innovative 

solutions, there are additional requirements of modeling (Step 3 of Figure 4) and solving (see Steps 4 

and 5 of Figure 4) contradictory system requirements within the Problem-Solving Pathway.  Further, we 

will use additional problem-solving methodologies at other steps of the Problem-Solving Pathway thus 

creating combinations of methods for creating innovative solutions.  The next several sections will 

analyze various problem solving and innovation methodologies to understand what their contributions 

to an overall innovation process can be and where they will fit into the Problem-Solving Pathway.  

Following the separate methodologies discussions, I will then return to the options of combining those 

methods into an orchestrated process. 

Overview of Problem-Solving Methodologies 

During the course of exploring and executing various problem-solving methodologies over the past 

couple of decades I have come to define two distinct categories of methods: administrative processes 

and technical processes.  An administrative process specifies what tasks need to be done and the order 

in which they should be accomplished but does not give any, or at least very little, insight as to how 

those tasks should be realized.  An example of an administrative process might be a chore list left for 

your children.  You could instruct them to straighten their rooms, dust the furniture, vacuum the carpet, 

and then take out the trash.  The tasks, and their order, are specified but there is no technical detail as 



how to execute any of the tasks.  In comparison a technical process would specify not only what needs 

to be done, and in what order, but would also provide details of how to specifically execute the various 

tasks (Figure 6).  Therefore, problem solving methodologies categorized as administrative will often 

benefit from having technical methodologies inserted into their processes.  The combining of 

administrative and technical methodologies can result in not only a comprehensive and well-ordered set 

of "what to do" instructions but also simultaneously provides the problem solver with detailed "how to" 

directions.  Further, some Technical methodologies are focused on individual steps of the Problem-

Solving Pathway (Figure 4).  Combining multiple technical methodologies into the proper series can also 

result in a complete and detailed problem-solving roadmap.  Additionally, rounding out a focused 

technical methodology by overlaying a decidedly broader but less detailed administrative process can 

also support the problem solver's goals.   Looking in more detail there are generally five steps in 

problem solving (Figure 4).  The first activity is to standardize the problem.  The second activity is to 

generalize the problem.  The third activity is to solve the problem.  The fourth activity is to specify the 

solution for the situation at hand.  And finally, the fifth activity is to confirm that the applied solution is 

indeed valid.  I am not aware of any single process (administrative or technical) that address each of the 

five steps thoroughly.  Many problem-solving methodologies have good tools and processes for 

executing the first activity, standardization.  Few methods have tools for executing the second and third 

activities, generalization and problem solving.  Most problem solvers use free association or 

brainstorming to execute the fourth activity, specification.  And finally, there are only a handful of 

methods that support the requirement of the fifth activity, solution evaluation.  The following sections 

will examine several popular problem solving methodologies (in no particular order) in so far as: 

whether they are more administrative or technical in nature, which steps of the Problem Solving 

Pathway ( Figure 4) they suffice, and what their relative strengths and weaknesses are. 



Plan-Do-Study-Act (PDSA) 

Overview - The PDSA cycle is a process for testing a change.  Therefore, it is a methodology intended to 

ensure that changes made to a system have a desired effect.  The process is to develop a test plan for 

the change (plan), execute the test (Do), learn from the results (Study), and decide on modifications to 

the test (Act). 

"The purpose of a PDSA quality improvement effort is to establish a functional or causal relationship 

between changes in processes (specifically behaviors and capabilities) and outcomes.  The PDSA cycle 

starts with determining the nature and scope of the problem (quadrant 1 of Figure 7), what changes can 

and should be made, a plan for a specific change, who should be involved, what should be measured to 

understand the impact of change, and where the strategy will be targeted. Change is then implemented, 

and data and information are collected (quadrant 2 of Figure 7). Results from the implementation study 

are assessed and interpreted by reviewing several key measurements (established in the Plan phase of 

the cycle) that indicate success or failure (quadrant 3 of Figure 7). Lastly, action is taken on the results by 

implementing the change or beginning the process again (quadrant 4 of Figure 7)."[2]  PDSA process are 

often described as cyclical because they are intended to be repeated until the desired results are 

achieved.  The process assumes that solution concepts will naturally reveal themselves after the initial 

problem analysis and planning are complete.   



Summary - PDSA is generally an administrative process.  The strength of the PDSA process is the 

guidance it provides to the planning in understanding how changes made to a system effect that system 

and the guided response to the measurement of the change effect.  Most of the PDSA contributions fall 

into the "standardization" of the problems statement (moving from step 1 and step 2 of the Problem 

Solving Pathway) and the testing or validation of the specific solutions that would occur between step 

five (specific solution) and step 6 (validated solution) of the Problem Solving Pathway (Figure 4).  The 

weaknesses of the PDSA process is that it has no tools in support of the development of solutions 

(changes), innovative or otherwise. 

 

Six Sigma 

Overview - Six Sigma is a process designed for the reduction of variation in processes.  Therefore, it is a 

methodology intended to support the reduction of errors (misprocessing) in technical and business 

processes.  Six Sigma is one of the most utilized, and therefore most developed, methodologies used in 

problem solving. 



"Six Sigma seeks to improve the quality of process outputs by identifying and removing the causes of 

defects (errors) and minimizing variability. In Six Sigma, a defect is defined as any process output that 

does not meet customer specifications, or that could lead to creating an output that does not meet 

customer specifications."[3]   The methodology originated as a set of practices designed to improve 

manufacturing processes, but its application was subsequently extended to other types of business 

processes as well. [4]   "Six Sigma uses a set of quality management methods, including statistical 

methods, and creates a special infrastructure of people within the organization ("Black Belts", "Green 

Belts", etc.) who are experts in these methods.  Each Six Sigma project carried out within an organization 

follows a defined sequence of steps and has quantified financial targets (cost reduction and/or profit 

increase)." [3]  "Six Sigma projects follow two methodologies inspired by the Plan-Do-Study-Act process. 

These two methodologies are similar, composed of five steps each, and carry the acronyms of DMAIC 

and DMADV.  DMAIC is used for projects aimed at improving an existing process.  DMADV is used for 

projects aimed at creating new product or process designs." [5]  

"The DMAIC project methodology is as follows: 

¶ Define the problem, the voice of the customer, and the project goals, specifically. 
¶ Measure key aspects of the current process and collect relevant data. 
¶ Analyze the data to investigate and verify cause-and-effect relationships. Determine what the 

relationships are and attempt to ensure that all factors have been considered. Seek out root 
cause of the defect under investigation. 

¶ Improve or optimize the current process based upon data analysis using techniques such as 
design of experiments, poka yoke or mistake proofing, and standard work to create a new future 
state process. Set up pilot runs to establish process capability. 

¶ Control the future state process to ensure that any deviations from target are corrected before 
they result in defects. Implement control systems such as statistical process control, production 
boards, visual workplaces, and continuously monitor the process." [5] 

 "The DMADV project methodology, also known as DFSS ("Design For Six Sigma"), is a follows: 

¶ Define design goals that are consistent with customer demands and the enterprise strategy. 
¶ Measure and identify CTQs (characteristics that are Critical To Quality), product capabilities, 

production process capability, and risks. 
¶ Analyze to develop and design alternatives, create a high-level design and evaluate design 

capability to select the best design. 
¶ Design details optimize the design, and plan for design verification. This phase may require 

simulations. 
¶ Verify the design, set up pilot runs, implement the production process and hand it over to the 

process owner(s)." [5] 

Within the individual phases of a DMAIC or DMADV project, Six Sigma utilizes many established quality-
management tools that are also used outside Six Sigma. The following table (Figure 8) shows an 
overview of the main methods used.[6]   

http://en.wikipedia.org/wiki/PDCA
http://en.wikipedia.org/wiki/Six_Sigma#cite_note-juran-14
http://en.wikipedia.org/wiki/Design_of_experiments
http://en.wikipedia.org/wiki/Poka_yoke
http://en.wikipedia.org/wiki/Process_capability
http://en.wikipedia.org/wiki/Control_systems
http://en.wikipedia.org/wiki/Statistical_process_control
http://en.wikipedia.org/wiki/Six_Sigma#cite_note-juran-14
http://en.wikipedia.org/wiki/DFSS
http://en.wikipedia.org/wiki/Six_Sigma#cite_note-juran-14


What Figure 8 reveals is the significant extent to which other methodologies have been integrated 

within the Six Sigma process, thus creating combinations of methods.  More specific examples of the 

order in which to use method combinations are presented later in this paper including the combination 

of Six Sigma with supporting tools.   

Summary - While the general steps used within the DMAIC and DMADV methodologies are at first 

glance mostly administrative in nature the high level of integration with other tool sets pushes the Six 

Sigma process strongly towards the technical process end of the scale.  Further, in relation to the Six 

Sigma process steps that are dependent upon a high level of integration of the science of statistics, Six 

Sigma can definitely be considered a technical process, at least within those operations.  The strengths 

of the Six Sigma process lie in its ability to capture analysis requirements for success, the quantification 

of system performance levels from before and after changes have been implemented, and the focus on 

follow-up and continuous monitoring.  The first three steps of both DMAIC and DMADV fall into the 

"Standardization" of the problems statement (moving from step 1 and step 2 of the Problem-Solving 

Pathway - Figure 4).  The fourth steps of DMAIC (Improve) and DMADV (Design) align with the "Specify" 

activity for the specific solution step but unfortunately gives almost no guidance as how to accomplish 

those tasks.  The last step of both of the DMAIC and DMADV processes correlate with the confirm 

(follow-up/validate) activity supporting step six of the Problem-Solving Pathway (Figure 4).  The primary 

weakness of Six Sigma is that the fourth step of both DMAIC (Improve) and DMADV (Design) are poorly, 

if at all, supported by any technical processes within the mainstream usage of Six Sigma.  In other words, 



the problem solver is instructed to improve and design at this step but left pretty much up to their own 

devises in how exactly to do so.  Further, A Fortune article stated that "of 58 large companies that have 

announced Six Sigma programs, 91 percent have trailed the S&P 500 since". [7]  The summary of the 

article is that Six Sigma is effective at what it is intended to do, but that it is "narrowly designed to fix an 

existing process" and does not help in "coming up with new products or disruptive technologies." 

Advocates of Six Sigma have argued that many of these claims are in error or ill-informed.[8][9]  

 

Lean (a.k.a. Toyota Production System) 

Overview - Lean is a process for finding and eliminating waste within systems.  Initially developed and 

utilized within manufacturing systems it now enjoys a broader application base including service, health 

care, and business process in general.  Lean is also a heavily utilized problem-solving tool within industry 

but having the tighter focus of waste elimination than Six Sigma's broader focus of variation reduction 

results in a smaller but more specifically associated set of tools. 

"Lean manufacturing, lean enterprise, or lean production, often simply, "Lean," is a production practice 
that considers the expenditure of resources for any goal other than the creation of value for the end 
customer to be wasteful, and thus a target for elimination. Working from the perspective of the 
customer who consumes a product or service, "value" is defined as any action or process that a 
customer would be willing to pay for." [10]   "Essentially, lean is centered on preserving value with less 
work. Lean manufacturing is a management philosophy derived mostly from the Toyota Production 
System (TPS) ... and identified as "Lean" only in the 1990s." [11][12]  TPS is renowned for its focus on 
reduction of the original Toyota seven wastes for the purpose of improving overall customer value.  In its 
most common application, Lean is the set of "tools" that supports the detection and constant 
elimination of waste.  

The seven wastes defined by Lean, having the mnemonic TIM WOOD, are: 

¶ Transport (the unnecessary movement of material within the manufacturing process) 
¶ Inventory (all material, parts, work in process and finished goods waiting for processing or 

movement) 
¶ Motion (people, equipment or machinery moving beyond that distance required for the 

manufacturing process) 
¶ Waiting (any production system component or output waiting for the next operational step) 
¶ Over Production (production in excess of demand) 
¶ Over Processing (material processing beyond that required for the final product) 
¶ Defects (any production result requiring inspection or repair)  

Waste elimination naturally results in a reduction in production time and cost while with a 
simultaneously improvement in production quality.  Value Steam Mapping (VSM) is one problem 
identification tool used within Lean to help identify waste.  Further, VSM, workspace organization, pull 
systems and error-proofing are tools used to generate solutions, or responses, to the identified wastes. 

http://en.wikipedia.org/wiki/Fortune_(magazine)
http://en.wikipedia.org/wiki/S%26P_500
http://en.wikipedia.org/wiki/Six_Sigma#cite_note-38


"There is a second approach to Lean Manufacturing, which is promoted by Toyota, in which the focus is 
upon improving the "flow" or smoothness of work, thereby steadily eliminating unevenness through the 
system and not upon 'waste reduction' per se. This is a fundamentally different approach from most 
improvement methodologies, which may partially account for its lack of popularity.  While waste 
elimination and production smoothing appear to have slightly different pursuits both methods 
ultimately drive to the same result.  The implementation of smooth flow exposes quality problems that 
already existed, and thus waste reduction naturally happens as a consequence. The advantage claimed 
for this approach is that it naturally takes a system-wide perspective, whereas a waste focus sometimes 
wrongly assumes this perspective." [13] 

"The application of Lean to industries outside of manufacturing has resulted in different definitions of 
the seven wastes.  One redefinition of these wastes for service operations by Bicheno and Holweg 
(2009) is as follows: 

¶ 1. Delay on the part of customers waiting for service, for delivery, in queues, for response, or 
not arriving as promised.  

¶ 2. Duplication. Having to re-enter data, repeat details on forms, copy information across, 
answer queries from several sources within the same organization. 

¶ 3. Unnecessary Movement. Queuing several times, lack of one-stop, poor ergonomics in the 
service encounter. 

¶ 4. Unclear communication, and the wastes of seeking clarification, confusion over product or 
service use, wasting time finding a location that may result in misuse or duplication. 

¶ 5. Incorrect inventory. Being out-of-stock, unable to get exactly what was required, substitute 
products or services. 

¶ 6. An opportunity lost to retain or win customers, a failure to establish rapport, ignoring 
customers, unfriendliness, and rudeness. 

¶ 7. Errors in the service transaction, product defects in the product-service bundle, lost or 
damaged goods." [14] 

Summary - Lean's tight focus on waste elimination along with fairly standardized solution generation 

tools, pushes it somewhat towards the Technical Process end of the scale.  The categorization of the 

Seven Wastes along with the standard solutions to responding to them does provide a somewhat 

specific "how to" directions to the problem solver.  The strengths of Lean lie in its focus on waste 

reduction, opposed to a general focus on problem solving, and its somewhat well-defined operating 

definitions and guidance.  The waste identification steps in the Lean process generally move us from 

step two to step three (Generalize) of the Problem Solving Pathway (Figure 4) while the solution tools 

(i.e., work space organization, error proofing, etc.) move the user from step 3 to step 4 (General 

Solution) of the Problem Solving Pathway.  The weaknesses of the waste elimination portion of Lean 

include a non-system level approach and the inability to thoroughly and technically direct the problem 

solver in waste elimination.  Non-system level analyses can create micro changes that appear useful at 

the point of application but that ultimately harm the overall output of the entire system.  The lack of 

technical direction in the "how to" of waste elimination can create situations when it is not obvious how 

to reduce waste and eliminate errors in the process due to Lean's lack of depth of analysis of the process 

itself. 

  



Root Cause Analysis 

Overview - Problems solvers often mistakenly focus on effects or symptoms of problems when looking 

for solutions because those effects and symptoms are what are most visible when analyzing an issue.  

Root Cause Analysis (RCA) is a graphical and textual technique used to understand complex systems and 

the dependent and independent fundamental contributors, or root causes, causing the issue, or 

problem, under analysis.  It allows the problem solver to better understand and visualize the complex 

relationships between causes and helps point the way to the shortest solution path and the most 

effective solutions options.  While "Root Cause Analysis (is) used extensively in engineering [15]" it is also 

effectively applied to other types of systems including computing, organizational, social, and political to 

name a few. 

The RCA methodology fundamentally works as follows (refer to Figure 9): 

1.) Identify an initial situation or problem (i.e., "Fluid Pumps are Expensive to Run") and document that 

situation 

2.) Ask the question "why?" and capture that information below the initial situation 

3.) Keep in mind that the answers to "why?" can be both theoretical and factual - including theoretical 

situations helps to uncover hidden issues that may not have been previously realized 

4.) Discreet causes are captured separately 

5.) Capture "And" relationships between interdependent cause chains (since both chains must be true 

for the resulting effect to occur only one of the chains must be addressed) 

6.) Continue each line of cause analysis until a fundamental cause (law of nature, program boundary 

condition, organizational requirement, etc.) is reached 

7.) Once all of the independent root causes are addressed then the initial problem will be resolved 



The final step of a traditional RCA is developing recommendations for system and process 
improvement(s), based on the findings of the investigation. [16] The importance of this step is supported 
by a review of the literature on root-cause analysis, where the authors conclude that there is little 
evidence that RCA can improve .... (a condition) by itself. [17]   The root causes are analyzed in light of why 
that root cause exists in order to help create a simplified problem.  For example, one root cause as to 
why the internal combustion engine is damaging to the environment is because the system utilizes 
carbon-based fuels.  There are several reasons why internal combustion engines utilizes carbon-based 
fuels which make their elimination difficult.  One of the reasons why it is currently the fuel of choice is 
that carbon-based fuels represent a high energy density source.  Once the reasons for the existence of a 
root cause is understood the information needed to understand the associated limiting contradiction is 
available.  See the section titled Contradiction Analysis for more on contradiction modeling. 

Summary - The RCA technique is a technical process in that it provides specific direction as how to 

execute the method.  One of the strengths of RCA is that it combines textual information (reasoning) 

with a graphical format (RCA mapping) to create a visual record of what situations are contributing to an 

issue.  Further this visual record also reveals the relationships between the various RCA paths (chains) so 

that convergent solutions can be applied often creating more efficient solution paths.  The RCA analysis 

process moves us from step one (Specific Problem) to step two (Simplified Problem) of the Problem-

Solving Pathway (see Figure two).  The weakness of the process is, like most other problem solving 

methods, it has no solution generation tools to support elimination of the initial issue or the identified 

root causes.  However, the resolution provided by RCA in capturing the various causes of an issue 

reveals exactly where solution development should be focused. 

  

http://www.ncbi.nlm.nih.gov/books/NBK2682/#ch44.r68


Functional Analysis 

Overview - Functional Analysis is a graphical and primarily qualitative methodology used to focus the 

problem solver on the functional relationships (good or bad) between system components.  A function 

model or functional model .... is a structured representation of the functions (activities, actions, 

processes, operations) within the modeled system or subject area. [18]  The process is effective because 

concentrating on system function is not only the correct concern (all systems exist solely to provide 

some function) but once functionality is the target then the mental inertia of how to address issues 

within the system is greatly reduced as there is no longer a focus on the system components.  Functional 

Analysis is particularly strong is supporting other analysis methodologies as it is an excellent problem 

modeling tool that can be used for any and all system problems.   

One of the first well defined function models, was the Functional Flow Block Diagram (FFBD) developed 
by the defense-related TRW Incorporated in the 1950s. [19] In the 1960s it was exploited by the NASA to 
visualize the time sequence of events in a space systems and flight missions. [20] It is further widely used 
in classical systems engineering to show the order of execution of system functions. [21] 

A functional model, which concentrates on component functional interrelationships and not the order of 

operation, is constructed by documenting a set of system components connected by titled arrows 

showing interface relationships.  The purpose of titling the arrows is for the purpose of identifying the 

functions occurring between the system components.  Components are the physical items within the 

system that combine to create the system (i.e., wheel, magnetic field, wire, bracket, accountant, sales 

manager, etc.) and the environment it operates within and interfaces with. 

Creation of a Functional Model (Figure 10) is as follows: 

1.) List the components that make up the system under analysis and the components they operate 

within (i.e., gravity) 

2.) Create a graphic with all of the system components document within boxes  

3.) Use different box styles (Figure 11) to delineate system components, environment components and 

the focus of the system (the system focus is the component the system was designed to effect - in Figure 

10 the focus of the system is the auditory nerve) 

 For example a refrigerator is a system comprised of several components (insulated box, 

 compressor, heating coil, refrigerant, etc.) that operates on, or effects, the system's focus (i.e., 

 food) and operates within various environmental components (i.e., ambient air). 

4.) Connect the interfacing components with arrows showing the functional relationships 

5.) Document the function title by each arrow 

6.) Note which functions help the system (good) or hurt the system (harmful) and for the good ones, 

document if the function is insufficient, sufficient, or excessive. Annotate the functional model by way of 

http://en.wikipedia.org/wiki/Representation_(systemics)
http://en.wikipedia.org/wiki/Function_(engineering)
http://en.wikipedia.org/wiki/Activity_diagram
http://en.wikipedia.org/wiki/Task_analysis
http://en.wiktionary.org/wiki/process
http://en.wikipedia.org/wiki/Operations_management
http://en.wikipedia.org/wiki/System
http://en.wikipedia.org/wiki/Function_model#cite_note-ITL93-1
http://en.wikipedia.org/wiki/Functional_Flow_Block_Diagram
http://en.wikipedia.org/wiki/TRW_Inc.
http://en.wikipedia.org/wiki/Function_model#cite_note-7
http://en.wikipedia.org/wiki/NASA
http://en.wikipedia.org/wiki/Function_model#cite_note-8
http://en.wikipedia.org/wiki/Systems_engineering
http://en.wikipedia.org/wiki/Function_model#cite_note-TD03-9


changing the arrow line formats according to the Function Type Legend (Figure 11). 

 


