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Chapter 171nnovation Combination MethodsDavid Conley

Thispaperexamineghe simultaneouause of nanifold methodologiedor the purpose of producing
innovativesolutionsto challenging problemsThee arenumerouspaths throughwhich problem solving
and innovationcan be pursuedDepending on the needs and goals of any patéir analysis different
methodobgiescan be used to take advantage of differing system amdtgss attributes and approach
solutiongenerationfrom different angles. A variety afethodologieswill be discussewith a focus on

the strengths and weakness tifosemethods and how combing them can acceleratide process of
innovative problem solvingMost 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 eab of the individual methods discussed below but rather to show how they can be combined
into highly effective andargeted innovation processedf you are interested in learning more about an
individual methodology discussed in tipiaper,| urge you to seekut additional information from other
qualified source.

Problem ®lving Versus Innovation

The terminnovationhas been used extensiveily busness and technicalrganizations to communicate
the interests and needs of tlireoperatiors. In fact, many organizations use the terms "problem solving"
and "innovation" interchangeably as if the solving of a prob&rtomaticallyresults in an innovation.

This is not the case &novation requires @olution typenot created by mosproblemsolvingefforts.
Unfortunately, mostorganizationglo not havea solid understanding of what the wotthnovation”

really suggester what its pursuit entailsAccording to The American Heritage Dictionary, New College
Edition,innovateis defined as!'to begin or introduce something new; be creative." This definition is of
course correct in the general usage of therd, but it lacks the detail required tproperlyguide

interested parties in its questAmong experts in the field of innation 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 technal contradiction (limiting situation)® Rephrasedan innovation is an
advancementhat transcends a limiting situatiomithin the system under analysi&nother way to
describethese limiting situationss to refer to themascontradictory requirementswithin a system.

Figure lprovides severaxamples osystemlimiting situations, which can also be referred to as
contradictoryrequirements. For example, the first example is in relatianthe size of the engine in a

car. The bigger the engiriee more power it produces but also the more fuel it consumgserefore,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 produceslgtipower 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 examplesguar&ilinvolve

contradictory requirements around the parames®sf size or quantityany system parameter could be

at play includingbut not limited to: weight, speed, volume, densiaind strength Knowing that a
contradictorysituation mustbe solved in ordeto createan innovative solution waow understand the
importance of incorporatingontradiction resolution methods o our problem-solvingprocessesf we



Examples of Contradictory Requirements of a System

Automobile engine should be large for power but should also be small for
fuel efficiency

Sales staff headcount should be numerous for handling the volume of
potential customers but should be few in order to reduce operating costs

Mobile computer screen should be large to display information but
should also be small to reduce the size of the devise

Figure 1

indeed are seeking innovatioherefore, nnovative problem solving is a sgbt of problem slving in

that a solution must resolve a limitation in the system under analysis in order to be an innovative
solution. However, in many situatiosslutionsare generated that indeed solve a problem but do not
resolve any system limitations while doirm S herefore, if a workable solution is generated then a
problem has been solved. If that workable solution also happens to resohteadictory requirements
(refer toFgure 1) of a system parameter, or attributben the solution can also be consiéeran
innovation. Here in lies one of the weaknesses of most eyoplem-solvingtechnique currently in

use today; almost none of the popular methodologies address the issue of contradiction identification
and resolution. Therefore they do not reguldy drive innovative solutions, at least in so far as the
technical definitiorof "innovation." Thigs not to say that an innovative solution can never result from
one of the prevalenproblemsolvingprocesses but since the goal is systematic and regisat

innovation generation, occasional success is not acceptable. A second probletmevmtbst popular
problem solving processes is that while they all have a step which cdlisdating a solution” tahe
problem at hand there are few, if any, algfbms or tools within the processes by which to generate
those solutions. In practice most expert problem solvers would agree that the preypatdatem-
solvingmethods offer varying combinations of strengths and weaknesses. If chosen wisely different
problem-solvingmethods, with complimentary sets of differently focused strengths, can be combined to
create a solidyseful,and innovative processCombiningcomplimentarymethodologies can result in



fluid andwell-roundedprocesgs that provideeffective tools and directiobeginning withthe initial
problem identification stemll the waythrough theverification ofthe implemented solutionsin the
remainder of thigpaper! will refer tomethodologiesas problem solving processif they at least
support the solution generation process. Further, | will only refanéthodologies as innovatidifithey
support the generation of solutions that are aimed at resolving contradicgsiemrequirements

More Detail onDefining Contradictios

Let us take a few minutes to btr definewhat acontradiction nodel or the modeling of a limiting
system contradictionlooks like. As aeaxample suppose that a wirelegshone company needs a
significant amount oéquipment in order to improve the systemt®veragearea,but the company also
wants very little equipment because it is expensi@Generallyspeakingthere are two boundary
conditions, existingt opposite end of a continuumthat 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 tecahisystems are designégere are two extremes
defined by the current system limitations and tieéore the solutioncan only exist somewhere between
them. Figure Zhows these two extremesin $tuation oneof Figure 2 the amount of wireless network
equipment is at anaximum(large bluecircle). This large amount of equipment drives two results: first
is the cost of the systeniafge greerctircleon the left) which is very high and ttefore representsa

bad, or undesirablesituation and second is the performanae effectiveress of the systemlérge
yellowcircleon the right) which igxcellentand therefore represents a good, or desiraldgyation. In
situation two of Figure 2 the amount of wireless network equipment is at a mininsamal{ bluecircle).

This small amaut of equipment drives two results: first is the cagtthe systemgmall greercircleon

the left) which is verjow and therefore represents abgd, or desirable,situation and second is the
performance or effectiveness, of the systensihall yellowcircleon the right) which is pacand

therefore represents a bad, or undesirabdituation. Therefore the amount of equipment needed for
services is in conflict with the need to minimize the amount of equipment for the purpose of corgrollin
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 aklzil.
represents a contrdictory requirement that serves assgstem 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
isa substantial amount of equipment in operatiori order to solve this problem with an innovative
sdution it is necessary to resolve thieniting system contradiction. The abstract model of sach

solution is shown in Figure 3n this diagram the solution, which is necessarily jusbased around
equipment quantityjs shown ashe "unknown"solution state shown as a whitdrcle The as of yet
unknown slution must result in the best of both worlds reflected in thewo relatedpredecessor
contradictionmodels(Figure 2) First the slution should berelativelyinexpensivegmall greercircleat

the leftin Figure 3 and thereforerepresentsa goodsituation and second theotution should have a

high level of performancddrge yellowcircleat the rightin Figure 3 andtherefore also represents a
goodsituation. Any solution thatsimultaneously meets the inexpensiaad high-performance
requirements of the abstract solution model above will indeed be an innovative solufigou recall

from the previously listedefinition above,"an innovation is ...... that transcends a limgisituation
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within the system under analysigii order to create an innovative solution it is necessary to resolve the
contradictory requirements arounthe parameter olequipment quantity. How can the systa contain
substantial equipmentin order © supportthe need for wireless services, and very little equipmént,
order to controlcosts,simultaneously?The purpose othis example isiecessarily for driving to a

solution but rather todemonstrate what contradictory requirements and abstract iwadiction

resolution models lookke. However, quite simplistically one solution could be to desigbile phones



(i.e.,Smart Phones) with repeater capabilities so that the collection of phones in the network are
orchestrated to also act as the netwaikelf.

CombiningMethods

Unfortunately, it is not always obvious as to what the contradictiomia system that needs resolving
Further, mostorganizations havereferredproblem-solvingmethodologies in use withitheir

operations. Thenethods that have been previousiiyceptedby an organizatiomave theobvious
benefitof alreadybeingfamiliar to,and in use within, the organizatiordditionally,the wide variety of
problemssolvingmethodsin usetoday canprovide unique capabiigsandinsights to the problem
solver. Forexample SixSigma incorporatesgorousstatisticalanalysismethodologies whicltan telp
definethe problens,and measuregheir impact, plussupport the evaluation a® whetherthe

"solution” did indeedmprove the situation. Leafa.k.a.Toyota Poduction Procesg)rovides an

excellen framework by which to helpsfocus onthe various types of waste that can be falin an
operation @ process.ThePlanDo-StudyAct cycle helps the user tmnsiderimportant aspects of the
problemsolvingprocess 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 methds provide any resourcesr algorithms, designed faine generation
of actual solutionsinnovative omotherwise Sq this leaves us with the questiowhich methodology is
best suited tdfulfill an organization's problems solving and innovation needs®ially there are no
individual methods that fulfill ajproblem-solvingneeds. In reality, whether problems solvers realize it
or not, multiple methodolgies areemployedin conjunction whenever problem solvesigalyze issues
and create solutions. Observations during my career have revealed that the most common practice is
the usage of a problem identification meth@ce., Lean, 6 SigmeempnerTrego, etc.) followedby the
use of thestandard fall back dfrainstormingas the solution generation vehicl&his reality
demonstrates that at the very leaptoblem solvers utilizéwo methods when analyzing issues and
generating solutions! propose that the most effectivadvancements are indeed achieved by way of
combining methods and the best combinations are dependent upertraits of the organization

solving the problermand the type of problera that need to be solvedDr. Craig S. Fleshethor,
academic and Chig¢fearning Officer of Aurora WD&ated that "utilzing 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 anddkdy."

TheProblemSolvingPath

How do humansenerally solve problems?h& complexity of oumnate problems solving processes
might surprise you, especially sinttet for mostproblemswe encounter the process is executed
somewhat unconsciously. The complexity lies in that when we pobldems,we move through

several problems modifications steps in generating a solutidre ProblemSolvingPathwayshown in
Figure 4demonstrateghe genericproblem-solvingprocess we naturally use when generating solutions
to somewhat easy problems. For example, if the slamming of the barn door scatesgteck we

would quickly understand that it was necessary to keep the door from being biowis thewind
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(specificproblemto simplified poblem- Figure 4. Next we would determine that we need a way to
keep the barn door open in the wir(dimplified problem to generalrpblem- Figure 4. Then we would
envision ways to keep the barn door open in the wind such as pushing against it or hob@ioky it
(general problem to gneral lution - Figure 4. Andfinally, we would generate specific solution
concepts in achieving the General Solotguchas using a latch or proppirilge door open with doard
(general solution to specifioblution - Figure 4. However, as mentionetbr a fairly easyroblemssuch
as the barn door blowing shut issue, your brain takes you through these steps so ragidigutdonot
even know they are occurringHowever when the problem is more compleand wecannot
instinctively move through the solution generation process attempt to jump directhffrom step one
(specific problem) to step five (specifation) of the Problem Solving Pathway (Figureating
unfocused or ineffective solutions (i.e., putting cotton in the livestock's ears during wind stdrets)s
reexamine theProblemSolvingPathwayby way of anore complexyet still somewhat simplgroblem.
Let usassume that yomeed to deermine how much carpet to buy for your home. Referring to Figure
5, if youattempt to jump fromstep one (specific blem-"How much carpet to buy?") tstep 5
(specific slution - "uhmm.... 1000 scfeet?),youwill most likely be wrong and either buy too much or
too little carpeting. If, however, we us all of the steps (Figure § is quite easy to come up with an
exact answer even though there is no way to arrive at that result withoeiintermediary steps.



Problem Solving Pathway — Carpet Purchase Problem
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Figure 5

What doeghe ProblemSolvingPathwayhave to do with innovation? Clearlyrieed to buy 698 square
feet of carpet for my houses not an innovative solutionOnereason why it is noan innovative
solutionis thatno contradictory reqirementswere resolvedin obtaining the answer. So oa again,
what does theProblemSolvingPathway have to do Wi Innovation? It is the procegy which
innovative solutiongan be created However, asidcussed previouslyn order to create innovative
solutions,there are additional requiremers of modeling(Step 3of Figure 4 and solving (segéps 4
and 5 of Figure 4)ontradictory systemmequiremenswithin the ProblemSolvingPathway Further, we
will use additionaproblemsolvingmethodologies at other steps of th€roblemSolvingPathwaythus
creatingcombinatiors of methods forcreating innovative solutions. The next several sections will
analyzevarious problem solving and innovation methodolog@sinderstand vhat their contributions
to an overall innovation process can be and whitky will fit into theProblemSolvingPathway.
Following the separate methodologidscussiond, will then return to the options of combining those
methods into arorchestrated pocess

Overview ofProblemSolvingMethodologies

During the course of exploring and executing varipigblemsolvingmethodologies over the past
couple of decades | have come to ideftwo distinct categories ohethods administrativeprocesses
and technicaprocessesAnadministrative processpecifiesvhat tasks need to be done and the order
in which they should be acowlished but does not give any, or at least very lititsjght as to how
those tasks should beealized An examle of an administrative process might be a chore list left for
your children. You could instruct them taaghten their rooms, dust th@&rniture, vacuum thecarpet,
and then take out the trash. The taskad their order are specified but there ismtechnical detail as



how to execute any of the tasks. In comparisdaahnnical proceswould specifynot only what needs
to be done, and in what order, but would also provide details of how to specifically exbetarious
tasks (Figure)6 Therefoe, problemsolving methodologiesategorized aadministrative will often
benefit from having echnical methodologiemsertedinto their procesges The combining of
administrative andechnical methodologies can result in not only a comprehensiveasatiebrderedset
of "what to do" instructions but also simultaneously provides the problem solver with detailed "how to
directions. Further, some Technical methodologe® focused on ingidual steps of théroblen
SolvingPathway (Figure 4. Combining multiple technical methodologietoithe proper series can also
result in a complete and detailgatoblem-solvingroadmap. Additionally,aunding out &ocused
technical methodologyy overlayinga decidedly broader but less detailed administrative process can
alsosupport the problem solver's goald.ooking irmore detailthere aregenerallyfive steps in

problem solvingFigure 4. The first activitys to standardie theproblem. The second activity to
generdize the problem. The third activity is to solve the problem. The fourth activityspecify the
solution for the situation at handAndfinally, the fifth activity is to confirm that the applied solution is
indeed valid.l am not aware of any singt@ocess ddministrative or €chnica) that address each of the
five steps thoroughly.Many problem-solvingmethodologies have good tools and processes for
executingthe first activity standardization. Few metids haveools for executinghe second and third
activities,generalization angbroblem ®lving Most problemsolvers use free association or
brainstorming to execut¢he fourth activity, specification. And finally, there are only a handful of
methods hat support the requirement athe fifth activity,solution evaluation.The following sections
will examine severglopularproblem solving methodologid#n no particular orderin so far as:
whether they are mor@dministrativeor technicalin nature, vhichstepsof the Problem Solving
Pathway( Figure Jthey suffice, and Wat theirrelative strengths and weaknessa.

"



* Administrative Direction * Technical Direction

—  Remove vacuum from closet

— Unwrap electrical cord from storage
hardware
—  Plug electrical cord into wall outlet

—  Schedule Event
—  Prepare Area for Cleaning
—  Gather Equipment

— Vacuum Carpet — Insure vacuum head is set for carpet

—  Store Equipment —  Toggle power switch to on position

—  Move vacuum back and forth across
carpet in a crossing pattern until all
debris is removed from floor

—  Push release button on dust bin
—  Carry bin to trash can
— Open dust bin

—  Shake dust bin over trash can until all
loose material is cleared

—  Close dust bin
—  Place dust bin back onto vacuum
—  Unplug electrical cord from wall outlet

— Wrap cord around storage hardware on
vacuum

—  Put vacuum back into closet

Figure 6

PlanDo-Study-Act (PDSA)

Overview- The PDSA cycle is a process for testing a chartggrefore,it is a methodology itended to
ensurethat changes made to a system have a desired efféhe 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 8DSAjuality improvement efforis 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 problégnadrant 1 ofFigure §, 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 isplemented,

and data and informatiomre collectedquadrant 2 of Figure)7Results 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 failgeiadrant 3 of Figuré). Lastlyaction is taken on the results by
implementing the change or beginning the process a¢miiadrant 4 of Figure)7®@ PDSA procs are

often described as cyclichécause they are intended to be repeated until the desired results are
achieved. e proess assumes that solution concepts will naturally reveal themselves after the initial
problem analysis and planning are complete.



PDSA “Cycle”

- What should change for the next cycle?
- Can changes be implemented?

- Set goals and objectives

- Understand current situation
- Ask who, where and when

- Answer questions

- Complete data analysis
- Compare results to expectations
- Document learnings

- Execute the plan
- Collect data
- Begin data analysis

Figure 7

Summary PDSA is generally administrative processThe strengttof the PDSA process is the
guidance it provides to the plannimgunderstanding how changes made to a system effleat system
and theguidedresponse to thaneasurement of thehangeeffect. Most of the PDSA contributions fall
into the "standardization" of the problems statement (moving frontep 1 and step 2 of th@roblem
Solving Pathway) and the testing or validation of the specific soluti@isvould occur betweerstep
five (specific slution) andstep 6 (\alidated solution) of theProbem Solvig PathwayKigure 4. The
weaknesses ahe PDSA process is thah#s no tools in support of the developmaeuitsolutions
(changes), innovative or otherwise.

Six Sigma

Overview- Six Sigma is a process designed for the reduction of variation in proca@$sefore|t is a
methodology intended to support the reduction of errors (misprocessintgdhnicaland business
processes.Six Sigma is one of the most utilized, and-d¢fiere 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. Six Sigma, a defect is defined as any proweigait that

does not meet customer specifications, or that could lead to creating an output that does not meet
customer specificationd® The methodology originated as a set of practices designed to improve
manufacturing processes, but its applicatiwas subsequently extended to other types of business
processes as welf! "Six Sigmases a set afjuality managemeninethods, includingtatistical

methods and creates a special infrastructure of people within the organization ("Black Belts", "Green
Belts", etc.) who are experts in these methodsach 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)' ¥ "Six Yjma projects follow twanethodologies inspiredyothe PlanDo-StudyAct process
Thesawo methodologiesare similar, composed of five stepach,and carrythe acronymsf DMAIC

and DMADVDMAIGs used for projects aimed ahproving an existingrocess.DMADV is used for
projects aimed at creating new product or process desfdns.

"The DMAIC project methodologg/as follows

1 Definethe problem, the voice of the customer, and the project goals, specifically.

1 Measurekey aspects of the current process and collect relevant data.

1 Analyzethe data to investigate and verify cauaad-effect relationships. Determine vealt the
relationshipsare andattempt to ensure that all factors have been considered. Seek out root
cause of the defect under investigation.

1 Improveor optimize the current process based upon data analysis using techniques such as
design of experimenipoka yokeor mistake proofing, andtandard work to create a nefuture
state process. Set up pilot runs to establgbcess capability

1 Controlthe future state process to ensure that any deviations from target are corrected before
they result in defects. Implemembntrol systemsuch asstatistical process contrpproduction
boards, visual workplaces, and continuously monitor the prot&ks.

"The DMADV project methodologgisoknown asDFS$'DesignFor 9x Sgma"),is a follows

1 Definedesign goals that are consistent with customer demands and the enterprise strategy.

1 Measureand identify CTQs (characteristics that &r#ical To Quality), product capabilities,
production process capability, and risks.

1 Analyzeto develop and design &tnatives, create a higlevel design and evaluate design
capability to select the best design.

1 Designdetailsoptimize the design, and plan for design verification. This phase may require
simulations.

1 Verifythe design, set up pilot runs, implement theogiuction process and hand it over to the
process owner(s)®

Within the individual phases of a DMAIC or DMADYV project, Six Sigma utilizes many established quality
management tools that are also used outside Six Sigma. The folltaalegFigure8) shows an
overview of the main methods uséd.
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Methods used in Support of Six Sigma Process

*5 Whys

*Analysis of Variance
*ANOVA Gauge R&R
*Axiomatic Design
*Business Process Mapping
*Cause and Effect Diagram
*Check Sheet

*Chi-Squared Test

*Control Chart

*Correlation

*Cost-Benefit Analysis
*CTQ Tree

*Design of Experiments
*Failure Mode Effect Analysis
*General Linear Model
*Histograms

Figure 8

WhatFigure &evealsis the significant extent to which other methodologies have been integrated
within the Six Sigma process, thus creating combinations of methbldge specific examples of the
order in which to use method combinations are presented later inghjgerincluding the combination
of Six Sigma with supporting tools.

Summary While the general steps used within tB8VAIC and DMADWethodologiesare at first

glance mosthadministrative in nature the high level of integration with other tool sets pushes the Six
Sigma process strongly towards tteehnicalprocessend of the scale. Further, in relation to tBex
Sigmaprocess steps that are dependent upon a high leveltefjration of the science of statistics, Six
Sigma can defitely be considered gechnical pocess at least within those operationsThe strengths

of the Six Sigma process lidgtmability to capture analysis requirements for success, the quantificatio
of system performance levels from before and after changes have ingglemented and the focus on
follow-up and continuous monitoringThe first three steps of both DMAIC and DMABIVinto the
"Standardization” of the problems statement (moving fretep 1 and step 2 ohe ProblemSolving
Pathway- Figure 4. The fourth steps of DMAIC (Improve) and DMADV (Design) align with the "Specify"
activity forthe specific slution stepbut unfortunately givealmost no gulance as how taccomplish
those taks The last step of both of the DMAIC abMADV processes correlate with tb@nfirm
(follow-up/validate) activity supporting step sief the ProblemSolvingPathway (Figure 4). The primary
weakness o6ix Sigma is that the fourth step of both DMAIQ(bwe) and DMAD\DEsign are poorly,

if at all, supported by antechnical processes within the mainstream usage of Six Signaghelnwords



the problem solver instructedto improve and @sign at this step but left pretty much up to their own
devises in how exactly to do sd-urther, A Fortunearticle stated that "of 58 large companies that have
announced Six Sigma programs, 91 percent have traile@&#50Gince".’ 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."
Advocatesf Six Sigma have argued that many of these claims are in erreirdoithed !

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

Overview- Lean is a process for flimg and eliminating waste withisystens. Initially developed and
utilized withinmanufactuing systems it now enjoys a brer application base including service, health
care, and business process in genetadan is also a heavily utilizptbblem-solvingtool within industry
but having the tighter focus of wastdimination than Six Sigma's broader focus of variation reduction
results in a smaller but more specifically associated set of tools.

"Lean manufacturindean enterprise orlean production often simply, Lean" is a production practice
that considers tl expenditure of resources for any goal other than the creatiovatiefor 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 actmocess that a
customer would be willing to pay f8rl° "Essentially, lean is centered preserving value with less
work. Lean manufacturing is a management philosophy derived mostly fromdheta Production
System(TPS).. and identified as "Lean" only in the 19908"2 TPS is renowned for its focus on
reduction of theoriginal Toyotaseven wastefor the purpose of improvingverall customer valueln its
most common applicationLean is the seif "tools" that supports the detectionand constant
elimination of waste.

Thesevenwastes déined by Lean, having thmnemonicTIM WOOQOD, are:

1 Transport(the unnecessary movement of material within the manufacturing process

1 Inventory (allmaterial, parts, work iprocess and finished goods waiting for processing or
movement)

1 Motion (people,equipmentor machinery moving beyond that distance required for the

manufacturing process)

Waiting (any production system component or outpwiting for the nexbperational sep)

OverProduction (production in excess of demand

Over Processingmaterial processing beyond that required for the final product

Defects(any production result requiring inspection or repair

=a =4 -4 =4

Wasteeliminaton naturally results in a reduction in praction time and cost while with a

simultaneously improvement in production qualityalue Steam Mapping (VSM) is geblem
identificationtool used within Lean to help idenjifvaste Further, VSMyorkspaceorganization, pull
systems and erreproofing are tools used to generate solutions, or responses, to the identified wastes.
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"There is a second approach to Lean Manufacturing, which is promoted by Toyota, in which the focus is
upon improving thé'flow" or smoothness of work, thereby steadily eliminatungevennesshrough 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 populanyile waste

elimination and production smoothing appear to have slightly different pursuits both methods

ultimately drive to the same resulfThe implementation of smooth flow exposes quality problems that
already existed, and thus waste reduction natwyrddappens as a consequence. The advantage claimed

for this approach is that it naturally takes a systaide perspective, whereas a waste focus sometimes
wrongly assumes this perspectiVg?!

"Theapplicationof Leanto industries outside of manufacturinhas resulted in different definitions of
the seven wastesOne redefinition of these wastes for service operations by Bicheno and Holweg
(2009) is as follows:

1 1.Delayon the part of customers waiting for service, for delivery, in queues, for response,
not arriving as promised.

1 2.Duplication Having to reenter data, repeat details on forms, copy information across,
answer gueries from several sources within the sarganization

1 3.Unnecessary MovemenQueuing several times, lack of esp, poor ergonomics in the
service encounter.

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

1 5.Incorrect inventory Being ouof-stock, unable to get exactly what was reeuir substitute
products or services.

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

T 7.Errors in the service transactigproduct defects in the produedervice bundle dst or
damaged goods*4

Summary- Lean's tight focus on waste elimnation along with fairlystandardized solution generation
tools, pushedt somewhat towards the Technical Process end of théesc@he categorization of the
Seven Vistesalong 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 generfibcus on problem solving, ants somewhatwell-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 Patl{iayre 4 while thesolution tools

(i.e., work spaceorganization error proofing, etc.) move the user from step 3 to step 4 (General
Solution) of the Problem Solving Pathway. The weaknesses afak& elimination portion of Lean
include a norsystem level approach and theability to thoroughlyand technically direct the problem
solver in waste elimination. Nesystem level analyses can create micro changes that appear useful at
the point of application but thatltimately harm the overall output of the entire system. The lack of
technical direction in the "how to" of waste elimitian can create situations when it is not obvidusw

to reduce waste and eliminate errons the process due tbhean'dack of depth of analysiof the process
itself.



Root Cause Analysis

Overview- Problems solversften mistakenly focus on effects symptomsof problems whendoking

for solutions because thossffects andsymptomsare what are mosvisiblewhen analyzing an issue.
Root Caus Analysis (RCA) igiephicaland textualtechniqueused to understand complex systems and
the dependent and independent fundamental contributpos root causes, causing the issue, or
problem,under analysislt allows the problem solvep better undestand and visualize the complex
relationships between causes and helps point the wath&shortestsolution pathandthe most

effective solutions optionsWhile "Root Caus@nalysigis)usedextensively irengineering'®" it is also
effectively applied to other types of systems includamgnputing, organizational, social, and political to
name a few.

The RCA methodology fundamentally works as follrefer to Figure9):

1.) Identify an initial situation or problem (i.eFluid Pump are Expensive to Rjrand document that
situation

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

3.) Keepn mind that the answers to "why?" can be both theoretical éactual- including theoretical
situations hebs to uncover hidden issues that magt have been previously realized

4.) Discreet causes are captured separately

5.)Capture "And" relationshipisetweeninterdependentcause chains (since both chains must be true
for the resulting effect to occusnly one of the chains must be addressed)

6.) Continue each line of cause analysis until a fundameatade(law of nature, progranboundary
condition, organizationalequirement etc.) is reached

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



RCA Analysis of Pump Operations Cost

mrge pumps are expensive to run ‘ W‘
Why? /

-and- | Electricity is expensive ‘

| Large pumps use a lot of electricity | Why?

why? | v
| Electric utility price structure ‘

| Large pumps have a lot of resistance |

Why?
WhV or. \w‘hy? ‘

Moving components | Utility is dependent on fossil fuels l
of pump are heavy
Why?

Amount of fluid
moved is large

Can linstall solar or wind
electrical generation?

v Can | use less fluid in
Moving components my proceSS?
are made of metal

Why?\‘

| Metal has high strength factor |

Are there other lighter materials with
the same strength factor as metal?

Figure 9

The final step of a traditional RCA is developing recommendations for system and process
improvement(s), based on the findings of the investigatitthThe importance of this step is supported
by a review of the literature on roetause analysis, where the authors conclude that there is little
evidence that RCA can improve (a conditiony itself.!”l The root causes are analyziedight of why
that root cause exists in ordéo help create a simplifiedroblem. For example, one root cause as to
why the internal combustion engine is damaging to the environment is because the system utilizes
carbonbasedfuels. There are several reasons why internal combustion engines utéidesnbased
fuels which make their elimination difficult. One of the reasons why it is currently the fuebiuiecis
that carbontbasedfuels represent digh energy densitgource. Once the reasons for the existence of a
root cause is understood the mfmation neecedto understandthe associatedimiting contradictionis
available. Sethe sectiontitled Contradiction Analysi®r more on contradictioomodeling

Summary The RCA technique igechnical pocess in that it provides specific direction as how to

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

with a graphical fanat (RCA mapping) to createvisual recorcf what situations areontributing 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 nefficient solution paths. The R@Aalysis
procesamoves us from step one (Specific Problem) to step two (Simplified Probfetrg Problem
SolvingPathway (see Figure twoYhe weakness of therocesss, like most other problem solving

methods, it hasio solution generation tools to support elimination of the initial issu¢he identified

root causes However, the resolution providely 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 isgraphicaland primarily qualitativenethodology used to focus the

problem solver orthe functional relationshipggood or badpetween system componentsA function

modelor functional model... is a structuredepresentationof the functions(activities actions
processesoperationg within the modeledsystemor subject areal*®! 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 inerfia@v to address issues

within the system is greatly reduced as there is no longer a focus on the system components. Functional
Analysis iparticularly strong is supporting other analysis methodologies asuit &xcellent problem

modeling tool that carbe used for any and all systgemoblems.

One of the first well defined function models, was fhgnctional Flow Block DiagrgFBD) developed
by the defensaelated TRWncorporated in the 19504 In the 1960s it was exploited by tiMASAo0
visualize the time sequence of events in a space systems and flight mi&Sidtnis. further widely used
in dassicabystems engineering show the order of execution of system functioit$.

A functional model, which concentrates on component functional interrelationships and not the order of
operation,is constructed by documenting a set of systemmponents connected by titledrrows

showing interface relationshipsThe purpose of titlinthe arrows is for the purpose of identifying the
functions occurring between the system componen@omponents are the physical itemghin the

system that combine to creatie system (i.e., wheel, magnetic field, wire, brackatcountant, sales
manager, etc.) and the environment it operategithin andinterfaces with.

Qreation of a Functional Modé€Figure 1Qis as follows

1.) List the components that make up the system under anadyslgshe components they operate
within (i.e., gravity)

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

3.) Use different box styld&igure 11jo delineate system components, environment components and
the focus of the systa (the system focus is the compondhe system was designed to effedh Figure
10the focus of the system tbe auditory rerve)

For example a refrigerator is a systeomprisedof several components (insulated box,
compressor, heating coil, refrigant, etc.) that operates on, or effects, the systemocus (i.e.,
food) and operates within various environmental components (i.e., ambient air).

4.) Connect the interfacing components with arrows showimgfunctional relationships
5.) Document the functiotitle by each arrow

6.) Note which functions help the system (good) or hurt the system (harmful) and for the googd ones
documentif the function is insufficientsufficient,or excessive. Annotate the functional model by way of
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changing the arrow line formats according to thanction Type Legen(Figure 1]



