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Abstract

Systematic innovation. To many people this mayddike an oxymoron however skilled
facilitators are working with product developmegdms to induce innovation on demand

with increasing frequency. Many organization’semsive experience and engineering
expertise within their focused product line is bathlessing and potentially a curse when
developing new products required to maintain argtegic advantage that they may have.
The depth of their knowledge can inhibit more lak¢hinking that may lead to break through
technologies, products and systems. That is tdg bbknowledge where systematic
innovation comes in. It starts with first a salidderstanding of the voice of the customer
(VOC). The VOC is then translated to solution naiufiunctional requirements, setting the
stage for innovation. Systematic innovation thiémwes engineers to apply tools to achieve a
lateral thinking approach to think divergently fissound a design problem to develop a set of
solutions that include ‘outside the box’ conceplfiese concepts, based on the VOC are then
hybridized (leading to more ideas), detailed aralwated before converging on the best
solution to take forward in the product developnaoicess to embodiment of design.

Being able capture the voice of the customer, asdé@she requirements and then apply
systematic innovation is key to any organizatiovedieping world class products and to
developing a sustainable competitive advantage thedr competition.

I ntroduction

Systematic innovation. To many people this mayhddike an oxymoron however skilled
facilitators are working with Design for Six Sigr{iafSS) teams to induce innovation on
demand with increasing frequency. Most organizesi@extensive experience and
engineering expertise within their focused produnet serves as both a blessing and
potentially a curse when developing new produdajsired to maintain any strategic
advantage that they may have over their competitidme depth of their knowledge can
inhibit more lateral thinking that may lead to k#tmough technologies, products and
systems. This is the body of knowledge where syatie innovation comes in. It allows
DfSS teams to apply tools to achieve a laterakihmpapproach to think divergently first
around a design problem. The teams then use ¥begéint thinking to develop a set of
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solutions that include ‘outside the box’ conceptd then to converge on a potential
innovative concept.

Systematic innovation also enhances the effects®néthe DISS methodology. It is well
documented that there are four key phases to a pf§8&ct:

voice of the customer,

innovation and creativity,

statistical design and robustness, and

verification and validation.

PpPE

This may be the case, however many DfSS projectssfprimarily on the statistical design
and robustness, leaving the impression that Df$8lisa process that enhances the
embodiment of design of a given product developreéfott. With this view of DfSS,

projects are relegated to delivering increment oupments through highly quantified design.
This may be a drastic improvement for many orgdiuma but what if innovation could be
induced on demand, offering breakthrough solutioig®s is also the body of knowledge
where systematic innovation is useful.

The dilemma facing many DfSS project teams is thel a repeatable, standardized but
flexible process for operationalizing systematicawation. Many groups, if they even
attempt to tackle innovation in their projects,|wély on product development activities as a
course of normal activities to deliver breakthroegincepts. A few more advanced groups
may even try brainstorming. What these groupstdaikalize is that the very skills that have
made them effective product development enginesigechnical personnel, may hinder their
ability to be creative.

Definition and History of Systematic Innovation

To understand systematic innovation, we must fingterstand its definition. In order to have
innovation one needs to know the customer wantxaeds and then develop an invention to
fulfill them. According to Huthwaite (2007), cr@aty is the practice of developing new,
outside the box ideas. An invention is then thn’ that comes from the link of creative
ideas. Not all inventions fulfill a need and ttare not a benefit to society. Innovation is
when an invention is used to fulfill a consumer waflystematic innovation is then the
process of identifying the customer want, develgmreative ideas, inventing something that
meets that want, on demand. This is made easifailbying a facilitated, structured process.

The notion that innovation can be facilitated todarce on-demand ideas with breadth and
depth is a relatively new phenomenon. Per Geoagel (1997, 1998, 2006), who is a pioneer
in the field of innovation, the prevailing thoughtough the 1950’s — 1970’s was that people
were inherently either innovative or not and thattivity was a character trait. The efforts at
this point were more centered on identifying indivals with this character trait and
researchers like Land developed profiling mechasitrabel individuals based on the
innovative potential. These profiles were useiémtify key people who think outside the
box, and to deploy them whenever new ideas werghgar difficult problems came about.
Since these people’s thought patterns were moergiwt, they often had a difficult time
leveraging more convergent thinking skills. Compatt thinking is necessary in every day
business situations to drive results and withoeséhskills the more creative thinkers usually
had a difficult time fitting in and were isolategoept in those cases where their skills were
required. These profiling mechanisms includingeativity test created by Land were used



Quality Engineering Applications & Research

Weiss & Lynch, Paper 2013-1031, “How to Inject Innovation into DfSS Projects”
Page 3 of 9

by many large organizations including NASA. Thihiaracter” approach to innovation was
the prevailing way many organizations sought teahjnnovation into their organizations
until George Land published his breakthrough thiosigidy that changed the paradigm with
respect to how people thought about innovation.

In 1968, George Land embarked on a multi year stuuagre he took his creativity test used
by NASA to select innovative engineers and scienasd administered it to a 1,600 5-year
old children. He re-tested the same children@ile of 8 and then again at the age of 15.
He also tested a number of adults of various a@és. results were that the 5 year olds scored
as well as some of the highest ranked engineersa@aditists at NASA with respect to their
innovation aptitude. However, the same childresg@re dropped by over 50% when they
were re-tested at age 8 (after they started schaald reported that the innovation aptitude
continued to decline as each individual aged, baitig out by the age of 44. Another
interesting trend that Land uncovered was thairthevation aptitude took a sharp rise at
retirement age. The conclusion was that innovationore of an unlearned behavior rather
than a character trait. The majority of peopleianately creative as a child but as soon as
they begin schooling and are subjected to structutes and peer pressure, they begin to
develop psychological inhibitors that hinder theative nature but help them conform to
society. What is extremely interesting is thaicgtly the more education and experience a
person has, the stronger the psychological inba@mes to conform, rely on previous
experiences and stick to prevailing notions. Leodcluded that innovation is not learned by
adults, but that it is more of an un-learned betravncreativity is behavior that is learned.

This epiphany changed the body of knowledge sudimgnsystematic innovation in the

1980s and beyond. Tools, methods and processas be@e developed to deploy systematic
innovation to remove barriers, restore the innédchinking, bolster innovation, overcome
the psychological inertia and to ensure that intionas repeatable and reproducible on
demand. The thought that facilitators could deflgyrocess to induce innovation at critical
junctures in the DfSS process became an invitieg i development managers around the
globe. The basic premise is that if the product @pplication engineering knowledge is
present and if the customer requirements, (wardhards), are understood, then facilitators
could apply a process leveraging creativity techegjto develop innovative concepts. This
process could be implemented on demand when reqwithin the DfSS roadmap.

The Systematic I nnovation Process

While there are many ways to implement the prooéSystematic Innovation, an effective
alternative is to run a sort of innovation kaizeem. A kaizen event is a well known
technique used in the Lean Thinking continuous awpment body of knowledge where
cross functional teams take time out from theimmaractivities to focus on improving the
processes they work on. The same notion is apfdisgistematic innovation where cross
functional teams gather, usually for a couple day$pcus on the specific task of generating
breakthrough ideas to feed their particular projédie notion of congregating in a different
place, in a relaxed atmosphere, with a highly cfosstional team, in a facilitated
environment, with a specific focus on thinking edésthe box, puts the teams in a position to
generate ideas that they would typically have ficdit time coming up with in their normal
work flow.

The systematic innovation process outlined in plaiger was partially adopted from Bart
Huthwaite’s Rules of Innovation (Huthwaite, 200Huthwaite’s Innovation Cube process



Quality Engineering Applications & Research
Weiss & Lynch, Paper 2013-1031, “How to Inject Innovation into DfSS Projects”
Page 4 of 9

was taken as a baseline then adapted to meetélds néproduct development teams working
within a DfSS project. The process was adapteddorporate tools and techniques within
the DfSS body of knowledge as well as to leverageesalready existing creative thinking
techniques (Samuel, 2008). In summary the prdeas®orrowed previously published
techniques and packaged them in a fashion thagbresults for teams that use them. The
result is a repeatable but flexible blueprint farrging out systematic innovation that is able
to be leveraged within the context of the DfSS magd. An attempt will be made to site all
relevant references however many of the techniquéised in this paper have been utilized
openly by product development teams around theeglobmany years.

The key to successful DfSS systematic innovatido fast develop the voice of the customer
(VOC). If the needs of the customer are not firsierstood, the result is often developing
products and solutions that do not hit the targeatket. Every year, many product
development resources are committed to developioduets that deliver what engineers
think the customer wants rather than what theyadigtmeed. Developing the VOC is taken

in 2 phases. First, the voice of the customer hestaptured from the actual customers.
Then, the VOC must be translated into a form wiecih be used by the DfSS team. This
form will outline the measurable key charactersstised in the systematic innovation process.
These key characteristics (some times called fanatirequirements) must be solution neutral
in order to properly position the innovation evantleliver breakthrough and not more
incremental ideas. Capturing and translating thesasurable, non-solution specific, key
characteristics is a prerequisite to the systennatiovation process.

After the VOC is understood the systematic innamraprocess can be deployed. The major
steps in the systematic innovation process are;

preparation phase - kaizen inputs,

setting the stage for innovation,

divergent innovation,

convergent innovation,

concept hybridization and ranking, and

concept detailing.

ounkwnpE

The first two steps, preparation phase and setti@gtage for innovation, set up the project
and get the team prepared to think in a differeatmer. The divergent innovation step opens
up the challenge, leveraging tools to identify anber of innovation bits. The convergent
innovation step takes the innovation bits and caye® on breakthrough concepts. During the
concept hybridization and ranking step the tearhraik the different concepts and apply
synergy to develop some new concepts. Finallihenconcept detailing step, the concept that
is selected to continue in the DfSS project is deented to ensure information from the
innovation event is carried on to the embodimerdesfign.

1. Preparation Phase

The first step of the systematic innovation prodesbe preparation phase. The preparation
phase contains the things that must be done t@prdpr the kaizen event and are thus done
before pulling the entire team together for thentve hese activities are typically completed
within a smaller core team led by the project leadal assisted by a facilitator. The
facilitators are qualified individuals who are #erts in the systematic innovation process
and use of creativity tools. The preparation plogens up the problems and prepares the
team for innovation. The first part of the prepiaraphase involves developing the goals and
objectives of the project. This is typically cagd in the DfSS project charter or statement of
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work and should outline specifics including: theabof the effort, the scope, timing, budget
considerations, the business case, market consaesaetc.

Another important input to the systematic innovatwocess preparation phase is to establish
a well defined project and product scope. Defirtimg scope involves understanding the
DfSS project boundaries and hurdles. The bounslagiéect the scope limits that the project
must be contained within. The hurdles representtiallenges the project must over come.
In addition to understanding the boundaries ofpifegect, it is important to understand the
boundaries of the product. This involves undeditamthe product inputs and outputs as well
as any system / subsystem interdependencies. ibgtime product boundaries will remove
any ambiguity between the customer and supplidr mispect to the interactions and
deliverables the product may be required to provilldacilitator will leverage specific tools
that enable the capturing of relevant deliverabfabe preparation phase.

2. Setting the Stage for I nnovation

Setting the stage for innovation is the first phiaseinning the actual systematic innovation
kaizen event. The purpose of setting the stagmfmvation is to begin to remove the mental
blinders of the participants and to put them iroadyframe of mind for creative thinking.
Setting the stage for innovation starts with annipg message by the DfSS project sponsor
or another senior leader from the organizatione dgbal of the opening message is to
demonstrate the leadership support for the effonteinforce the importance of the effort and
to thank the participants in advance. A well deled opening message from leadership will
help to ensure the kaizen event gets off on th# tigck and will leave the team inspired and
ready to tackle the challenge at hand. The opemiegsage should outline the business case
for the DfSS project and link the strategic objeesi of the organization.

The next phase in setting the stage for innovasida bring the entire team up to speed on all
of the parameters of the project developed in tepgration phase including the scope,
boundary and hurdles as well as the VOC developdieein the DfSS project. In addition

to covering the information in the preparation ghaetting the stage for innovation is the
time to prime the creativity juices within the tea@ne way to accomplish this is to review
marketing data about mega trends with respectetonthrketplace, technology and
competition. Understanding what may be happemirthe future can serve to position the
team to think of the bigger picture and not justitiparticular project. This will help the team
to begin innovative thinking.

The other very important part of setting the stimgennovation is for the team to review the
voice of the customer and understand the spea@Bot challenges that are being presented.
These challenges will serve as the impetus foniation and will also dictate the specific
creativity tools and techniques to be deployedeaRthrough innovation is based on a need.
The design challenges will provide the need. HEuodifator will not only lead the kaizen
event, facilitating the team through the requiretadaut will adopt tools, techniques and
formats that enable the team to accomplish theelables of setting the stage for innovation.

3. Divergent Innovation

Divergent innovation is the next phase of runnimginnovation kaizen event. Many
professions require people to develop solutionmablems. The experiences gained while
developing these solutions establishes physiolbgieatia. While this inertia is good for
replication of results, it often produces blockageblinders when looking for other ways of
doing things, creating a sort of tunnel vision timaits the possibilities for new ideas. This is
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a fundamental finding from the results of Dr. Landtudy from above that outlined the more
experience and education that a person has, gbneeless innovative they are. This type
of problem solving requires convergent thinkingon@ergent thinking brings together
information focused on solving a problem in a lindacused manner, narrowing thoughts
until a conclusion is made. This is a common apginaaken in many DfSS project teams,
especially if the team has a significant amourteohnical expertise. Without leveraging a
process, the teams rely on previous experiencekramdledge (convergent thinking) rather
then searching for new ways of doing things.

Divergent or creative thinking is the opposite ofheergent. Divergent thinking requires an
individual to think laterally at a problem and lofukt new paths or entry points outside the
psychological inertia. Divergent thinking is whereativity occurs and is often called
‘outside the box’ thinking. If there is no diverdehinking then true breakthrough innovation
is difficult to achieve. However if there is noms@rgent thinking, it is difficult to develop
solutions from the creativity. The systematic ivaion process involves using divergent
thinking to find alternate entry points into onemWwledge and then to use convergent
thinking to evaluate them and drive toward a sotuti The systematic innovation process is
not linear but is cyclical with cycles of creatidvergent thinking followed by controlled
convergent thinking followed by additional cycldsdivergent thinking until a final solution
is found. This cyclic process is followed thru renwus times through out the systematic
innovation process.

Therefore, the first step in innovation exercise ikaizen event is to apply divergent thinking
to the major design challenges. Rather then patching for undirected open innovation, the
systematic innovation process leverages the neensthe design challenges outlined above.
Each specific challenge will target a differentrgmtoint for innovation. The specific
challenge will dictate the creativity / innovatityol used out of a large number of tools
available. The process is flexible to apply whigdretool the team is comfortable with that
meets the specific challenge. The facilitator’e fie to identify the best tool for the particular
challenge and to facilitate the team thru the dgbeotool. The systematic innovation process
is different then other more prescriptive procesmEmuse it is flexible to adopt which ever
tool is most powerful for a particular challengehe key is leveraging experienced facilitators
that have a broad understanding of the creativityianovation tools that are available to
choose from.

The output of the divergent innovation phase isliection of discrete innovation bits. These
are creative ideas that may not be concepts bub@rsions into creative ideas surrounding
the design problems and the design itself. They lbesa brief idea about a part of the design
or feature and are rarely complete concepts aptireg. They may be in the form of sketches,
written descriptions, notes and hand made modHie fact that the idea is not complete,
comprehensive or well articulated is not a probléfhe purpose is to generate a large
number of discrete bits of innovation which will peced together to form concepts in the
convergent innovation phase. They key to brealtijinannovation is the volume of the
innovation bits. In many cases the facilitator @iVide the kaizen event team into sub-teams
and have them pursue innovation bits independeletigraging different tools and challenges.
This enables each group to come at the designdrdifferent entry point increasing the
breadth and depth of the ideas.
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4. Conver gent Innovation

The next phase of running a systematic innovataindn event is the convergent innovation
phase. This is the place in the process whea #ile innovation bits will come together to
form a number of set concepts. The teams tak#f #lle work from the divergent innovation
as an input and strings together these bits usewggieity tools that are more convergent in
nature. As mentioned above, often there will beariban one sub-team working on
generating innovation bits independently and tlteams will stay together for the convergent
innovation phase. Each team may also leverageréliit tools to aide in their systematic
convergence of the concepts. The concepts mag rfaogn incremental to complete
breakthrough. The teams are encouraged not tgy@dgsient on the concepts at this point
and to include all ideas. Even if a particularaapt is not selected for the current DfSS
project, it may serve as idea for future projects.

After each sub-team develops a number of conctiygs;ollection from the entire kaizen
team is brought together and affinity grouped. e®fiurther hybridization of concepts will
occur as one team’s ideas spur on ideas from aniath. The key to effective convergent
innovation is tool selection and effective factiit. There is a fine balance with allowing
the team to think openly while still following aquess. This is the key role of the facilitator.

5. Concept Hybridization and Ranking

The next phase of running a systematic innovataindn event for producing innovation on
demand is the concept hybridization and rankingehalhis is where the entire DfSS team
will load the top concepts into a matrix and raimérh according to the customer key
characteristics from the VOC. Invariably therelw# different concepts that are better at
fulfilling certain key characteristics. This is @@ additional hybridization and innovation
may occur. This is where new concepts begin torgenley taking the best features from all
of the concepts. There are often a number of syaldybridization, followed by control
convergence on concepts and ranking of the newegisc

If there is more than one concept that shows piatetite team may decide to bring more
than one concept forward to the embodiment of desithe practice of pursuing more than
one concept at a time is sometimes called set-tdessidn. This practice allows the team to
carry two or more designs forward in the desigrcess within the DfSS project so that
additional development can be completed prior &sjmay judgment on the validity of the
concepts. This option is often taken when orthefideas represents a more radical,
potential breakthrough solution with a higher i§kmplementation. Often the design team
will augment the more radical design with a moemental design in order to mitigate the
risk and serve as a backup. Pursing a set-basgghdacreases the complexity of the
embodiment of the design portion of the DfSS pridipett provides the opportunity to gather
more information before any decision needs to bden&electing the ideal concept(s) to
pursue is critical to the continuation of the stidal design and optimization portion of the
DfSS roadmap.

6. Concept Detailing

The final phase in running a systematic innovakiaizen event is the concept detailing phase.
This is the part of the process where formal doouat@®n of the event and all its contents
take place. This phase is typically carried outh®/core team of the DfSS project at the end
of an event. It is important that the core teammlete this phase as close to the end of the
event as possible while all of the concepts andsdgenerated are fresh in the minds of the
team. The team will develop sketches, drawinggtemr descriptions, specifications and any
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other document required to properly capture theepts selected as well as those not
selected for future consideration. During thisutoentation the concepts may even be
further developed as the team has more time tadenthe design. Proper documentation
will enable the team to refer back to any ideagHercurrent program or any future program.
Without proper documentation, some of the detdith® ideas may be lost.

Summary

The systematic innovation process is a proven naefilodelivering innovative concepts
within a DfSS project that are based on the custama@ts and needs. The systematic
innovation process is a collection of methods,q4@oid techniques packaged in a manner that
enable breakthrough innovation by DfSS project teaifthe process starts with proper
preparation and setting the stage for innovatidaxt the process deploys a series of
divergent followed by convergent innovation cyclégily concepts that come out are then
hybridized, ranked and detailed. An effective wapperationalize this process is in the
context of a kaizen event. The entire systematiovation process allows DfSS teams the
ability to deliver the front part of the productveéopment process, delivering products that
competitively position their organizations in thanketplace.

Industry is searching for a universal systematjreg@ch to innovation within DfSS projects.
There is a need for a process that will do for iration what Six Sigma DMAIC has done for
continuous improvement. Huthwaite has offeredtim@vation Cube (Huthwaite, 2007),
Silverstein has offered INsourcing innovations\(&istein, 2005). There are a number of
other methods that have been formally and inforyrddicumented and are being used by
DfSS project teams; however none has emerged awersally applicable and accepted
process for producing innovation on demand. TIs¢esyatic innovation process is an
attempt at documenting a process that fulfills g&@p. The process introduced has borrowed
key steps and tools from many processes and h&ageat them in a useable format that is
flexible in its usage of tools and adaptable irapiplicability. The systematic innovation
process lays out a fundamental process to be fetlomith the flexibility to apply whatever
tools are necessary by the project and are fanfilighe facilitator. It remains to be seen if
the systematic innovation process will take the@laf a universally accepted process but it
has proven to be very helpful in many DfSS proj¢atdate.

References:
Land, George T. (1997%row or Die: The Unifying Principle of Transformati, Leadership
2000 Inc. USA. ISBN-13: 978-0962660511.

Land, George T. (1998]he Break Point and Beyon#lastering the Future Today,
Leadership 2000 Inc. USA. ISBN-13: 978-0887305474.

Land, George T. and Redinus, Don (2088))y Innovation in Imperative NoWVhite Paper

Huthwaite, Bart (2007)The Rules of Innovatioifhe Institute for Lean Innovation,
Mackinaw Island, Michigan. ISBN-10: 0971221049.

Silverstein, D., Samuel P., DeCarlo, N. (200Blsourcing InnovationBreakthrough
Performance Press, Longmont, Colorado. ISBN: 0-0169D-5.



Quality Engineering Applications & Research

Weiss & Lynch, Paper 2013-1031, “How to Inject Innovation into DfSS Projects”
Page 9 of 9

Silverstein, D., Slocum, M., DeCarlo, N. (2008he Innovator's Toolkit: 50+ Techniques for
Predictable and Sustainable Organic Grow@" Edition), Wiley, USA. ISBN-13: 978-
1118298107

About the Authors

Brian Weissis the manager of an advanced development teamsifagon creating new to
market products and services for industrial andraotive equipment. He is employed by
SKF, a leading supplier of rolling bearings, sealschatronics, services and lubrication
systems. Mr. Weiss held positions in applicatiengineering and project management at
SKF prior to his current role. He also workedates at The Timken Company. Brian holds
a Bachelors of Science in Mechanical EngineeriognfPenn State University and a Masters
of Business with a concentration in Corporate Enereurship from Lehigh University. He
is certified in Lean Six Sigma and Design for Sigra as a Black Belt Specialist in
Innovation and Requirements Management.

Donald P. Lynch, Ph.D. received his BS in Mechanical Engineering from Mhiian
Technological University, MBA from Eastern Michigddniversity, Ph.D. in Mechanical
(Industrial) Engineering from Colorado State Ungsrgr and a post Graduate Certificate in
Lean Six Sigma from the University of Michigan. sHirofessional career includes positions
in engineering, quality, design, management andsutng at Ford Motor Company,
Diamond Electric Mfg., Visteon Corporation, SKF USAhe University of Michigan and
University of Detroit-Mercy. He holds (6) AmericaBociety for Quality certifications
including Six Sigma Black Belt (CSSBB) and is an@\&ellow. He is also a University of
Michigan Certified Black Belt and Lean Specialishanufacturing and office) and an
International Quality Federation (IQF), Visteon @oration, International Society of Six
Sigma Professionals (ISSSP) and SKF Certified MaBlack Belt (MBB). Don also holds
certifications from the Institute for Lean Innowati as well as Kepner-Fourie in Critical
Thinking. As a four-time Lean Six Sigma MBB Donsheompleted projects, developed
programs, consulted and instructed in all area®@edign for Six Sigma, Traditional Six
Sigma and Lean including manufacturing, officens@ctional, product and process design,
systematic innovation as well as critical thinkinge has deployed continuous improvement
programs for organizations in Asia, Europe, Southefica and the U.S. in a number of
industries. He has certified over 150 Black Belttas led over 20 Black Belt waves, has
mentored over 15 Master Black Belts and has fatdd over 20 kaizen events in a 14+ year
career in Lean Six Sigma. Has completed projeataanous projects in a wide variety of
process areas in (4) continents. He has autharedtaenty-five papers, magazine articles,
journal entries and presentations on Design for Sigma Traditional Six Sigma, Lean
Continuous Improvement and other related areashislicurrent position he is a Senior Lean
Six Sigma Master Black Belt and Deployment Champioth SKF USA. Don is also an
Adjunct Professor at the University of Detroit-Mgrand a guest Lecturer and Conference
Leader, Consultant and Co-Director of Lean Six Sigprograms for the University of
Michigan College of Engineering and Integrative t8yss and Design.



